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Advocacy for Policies That Achieve Our Vision

Later this month, the second-ever White House Conference on Hunger,
Nutrition and Health will be held in Washington, D.C. And just as the

Academy and our members “were involved in the planning and preparations,
the evaluation of this historic meeting, and the preparation of a final report
to President Nixon”1 for the initial 1969 conference, so have we played an

important role in this month’s upcoming conference as well.
Encourage Congress: Pass the Medical Nutri-
tion Therapy Act
Each of us knows e and each of us can play a role
in educating legislators and policy makers e that
medical nutrition therapy is effective in
addressing diet-related chronic diseases. That is
why passage of the Medical Nutrition Therapy Act
in Congress, a bill Academy strongly supports, is
so important to foster health equity.

If passed, the MNT Act this bill would be a win-win for
Academy members and our patients and clients. It
would:

� Expand Medicare coverage for MNT to beneficiaries
with diet-related chronic diseases, including cancer,
prediabetes, hypertension and more

� Authorize nurse practitioners, physician assistants,
clinical nurse specialists and psychologists to refer
their patients for MNT

� Contribute to health equity for underrepresented
communities with higher rates of nutrition-related
chronic diseases.

It’s up to us to advocate for food, nutrition and
health policies that will advance the health of our
communities.
If you have not yet done so, please visit the
Academy’s Action Center to complete the MNT
Act action alert and urge your members of
Congress to add their support.
On an ongoing, daily basis, the Academy works to achieve
our vision of improving the nation’s health and advancing the
profession of dietetics through research, education and
advocacy. It’s the category of advocacy that I would like to
spotlight this month. The Academy’s advocacy initiatives fall
under our strategic impact areas and in this article, I’m going
to focus on nutrition security and health equity.
Our advocacy for a second White House Conference dates

to 2018 and picked up momentum following the 50th anni-
versary of the first conference the following year. Our input to
help develop the conference has focused on our strategic
impact areas and on advocating for the roles of registered
dietitian nutritionists and nutrition and dietetics technicians,
registered in nutrition care and services. We submitted
comments to the White House on the conference’s program,
including topics and speakers, and individual members and
groups have provided valuable input.
We’ll have much to consider, discuss and say about the out-

comes of the White House Conference in the months to come.
Working with policy leaders at every level of government,

we promote health and reduce the burden of chronic disease
through nutrition services and interventions. And as we
continue to navigate the multiple impacts of the COVID-19
pandemic, it is especially imperative to look at the pan-
demic’s disproportionate impact on underrepresented com-
munities and to use what we have learned to better serve all
our clients and patients, particularly those who are the most
vulnerable. I encourage you to read the Academy’s 2021 issue
brief, “Racial and Ethnic Health Disparities and Chronic
Disease” for more information.
Key contributors to racial disparities in chronic diseases e

such as diabetes, hypertension, obesity and cardiovascular
disease, all of which have contributed to poor COVID-19
outcomes e include:

� Insufficient access to health care, including medical
nutrition therapy and other nutrition care services� Education barriers� Systemic racism
� Socioeconomic inequities� Insufficient access to safe places to be active and to pur-
chase affordable foods.
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A Top Priority: Nutrition Security for All
Nutrition security continues to be one of the
Academy’s top policy priority issues, especially
for children. Some of the Academy’s current
nutrition security advocacy efforts include:

� Strengthen and expand the Special Supplemental
Nutrition Program for Women, Infants and Children
Program including support for the peer breast-
feeding program and increased benefits for fruits
and vegetables

� Support equal and equitable access to healthful
meals year-round for all children by supporting
Healthy School Meals for All, the Summer Food
Service Program, the Seamless Summer Option and
the Summer EBT Program

� Support the increased benefit in the SNAP program
and significant expansion of incentive programs
through the Gus Schumacher Nutrition Incentive
Program (GusNIP)

� Support significant increase in the SNAP-Ed pro-
gram and policy, systems and environmental
changes that help make the healthy choice the easy
choice

� Support strengthening and expanding senior
nutrition programs.

PRACTICE APPLICATIONS
In addition to leveraging public policy opportunities to
advocate for sufficient access to nutrition services to advance
health equity, the Academy also advocates with private
stakeholders. Recent advocacy efforts with Aetna led to the
reversal of the company’s decision to reduce reimbursement
rates for RDNs by 25%.
1594 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
To add to this great news, the Academy will be partnering
with Aetna to generate ideas and opportunities to improve
the health of their members through improved access to
nutrition care provided by RDNs.
Help the Academy move the needle on our priority issues

and others that foster health equity. Here are some actions
you can take today:
� Join the monthly Affinity Group meetings that are dedi-
cated to issues like MNT expansion; health equity;
nutrition security; maternal and child health; licensure
initiatives; and the Dietary Guidelines for Americans. These
virtual gatherings provide staff, policy leaders and
members the opportunity to discuss Academy policy
priorities and strategies, as well as share their experience
and further advocate on issues.

� Attend the 2023 Nutrition and Dietetics Advocacy Sum-
mit, taking place virtually March 28 to 30, 2023. Connect
with hundreds of colleagues from across the country to
advocate for issues that matter most to our patients and
clients.

� Stay up to date on policy and advocacy work by reading
the public policy items in the Academy’s Eat Right Weekly
member newsletter.

In all these ways and more, the Academy and our members
show our strong commitment to seeking, creating and
implementing policy solutions to the food and nutrition is-
sues that affect all people, everywhere. As always, we will be
part of the solutions!

https://doi.org/10.1016/j.jand.2022.06.221
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Valuing Diversity in Dietetics: Considerations for
Service Dogs at School, Internships, and the
Workplace

Danielle Sykora, Lauren M. Dinour, DrPH, RD
D
IVERSITY HAS BECOME AN
increasingly important topic
within the field of dietetics to
create a profession repre-

sentative of the population it serves,
capable of providing culturally
appropriate patient care. Yet people
with disabilities (PwDs) are often
overlooked. The Americans with Dis-
abilities Act (ADA) defines disability
as “a physical or mental impairment
that substantially limits one or
more major life activities, a record of
such an impairment, or being
regarded as having such an
impairment.”1 In the United States,
approximately 12.6% of the noninsti-
tutionalized population lives with a
disability.2 One strategy employed
by PwDs to mitigate their disabilities
is the use of a highly trained service
dog (SD).
PwDs in general and individuals

assisted by SDs specifically face sig-
nificant challenges entering the health
care field and accessing medical care.
However, data are lacking on
disability prevalence among dietetics
students, interns, and registered die-
titian nutritionists (RDNs).3 PwDs
often exhibit many valuable pro-
ficiencies, including creativity, flexi-
bility, and peak performance under
pressure,4 yet also experience unique
challenges. For the field of dietetics to
become a diverse, equitable, and in-
clusive profession, it is important for
food and nutrition practitioners to
understand both the unique chal-
lenges and valuable contributions of
students, interns, employees, and pa-
tients with disabilities assisted by an
SD (herein referred to as SD handlers).
The purpose of this article is to share
best practices for accommodating SD
handlers involved in all areas of the
field of dietetics.

DEFINING SD
Characteristics that legally define an SD
vary based on the applicable law. Three
titles of the ADA are relevant when
considering access for SD handlers
(Figure 1). Title I applies to private
employers with 15 or more employees,
state and local governments, employ-
ment agencies, labor unions, joint
management labor committees, and
employer agents.5 Under Title I, there is
no specific definition for an SD. Em-
ployees can request the presence of an
animal to mitigate their disability as a
reasonable accommodation. Employers
must consider whether or not the ani-
mal assists the individual in perform-
ing essential job functions to
determine if this will qualify as a
reasonable accommodation.
The ADA definition of an SD appli-

cable to Titles II and III (covering state
and local governments and places of
public accommodation, respectively6)
is “a dog individually trained to do
work or perform tasks for an individual
with a disability.”6 A task is a specific
action the dog takes directly related to
mitigating the person’s disability.7

Some examples of tasks include alert-
ing a visually impaired handler to
changes in elevation, retrieving drop-
ped objects for a person with limited
mobility, or interrupting a flashback for
someone experiencing posttraumatic
stress disorder. Providing comfort, re-
lief from isolation, or other emotional
benefits through the dog’s presence
alone does not qualify as a task;
therefore, therapy dogs and emotional
support dogs are not SDs.7

Covered entities under Titles II and
III must allow PwDs to be accompanied
by their SD anywhere the general
public is allowed.8 Covered entities
OURNAL OF THE ACAD
may ask whether or not the dog is an
SD required due to a disability and
what task(s) the SD has been trained to
perform.6 Handlers are not required to
provide advanced notice of their SD.9

The Department of Justice does not
recognize or require any registration,
certification, vests, or harnesses for
SDs.7 Pet owners can easily obtain gear
or documentation to misrepresent
their pet as an SD. Places of public ac-
commodation may exclude an SD in
the case that it poses a direct threat to
the health and safety of others, is not
house broken, or is not under control
and the handler does not take effective
action to control it.7 However, fear of
dogs or allergies may not be used as a
reason to exclude an SD.6

STUDENTS WITH SDsin
UNIVERSITY SCIENCE LABS
Academic requirements for becoming
an RDN consist of a bachelor’s degree,
shifting to a master’s degree for
incoming RDNs in 2024, including
coursework approved by the Academy
of Nutrition and Dietetics Accreditation
Council for the Education of Nutrition
and Dietetics.10 Some academic re-
quirements include laboratory courses
in chemistry, microbiology, and food
preparation. However, diversity, equity,
and inclusion are major challenges
facing postsecondary institutions in the
United States. Students with disabilities
comprise 11.1% of undergraduate stu-
dents and 7.6% of graduate students,
underrepresenting the 12.6% of PwDs
in the total US population.2,11,12 This
suggests PwDs may choose to forego
pursuing graduate-level education due
to disability-related barriers.13 These
barriers include implicit bias poten-
tially causing an aversion to hiring an
SD handler for highly competitive
graduate research opportunities.14

Specifically, SD handlers face access
EMY OF NUTRITION AND DIETETICS 1595
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Population Applicable
laws

SD definition Access Documentation Helpful links

Students,
interns,
and
patients/
clients

Titles II and
III of the
ADAa

A dog individually
trained to
perform tasks for
a person with a
disability

Permitted anywhere the
general public is
allowed

No legally
recognized
documentation;
proof of disability,
registration,
certification, vests,
or harnesses
cannot be
required

� https://
www.ada.
gov/regs201
0/service_
animal_qa.
html

� https://www.
ada.gov/
service_
animals_201
0.htm

Employees
and interns
for covered
employers

Title I of the
ADA

The presence of an
animal requested
as a reasonable
accommodation
necessary for
performing
essential job
functions

Decided on a case-by-
case basis as a
reasonable
accommodation

Proof of disability
may be required
in the case that
the disability-
related need is not
obvious

� https://
adata.org/
service-
animal-
resource-
hub/work#:
w:text¼Title
%20I%20of
%20the%
20ADA

Figure 1. Legal protections for different service dog (SD) handler populations. aADA ¼ Americans with Disabilities Act.
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challenges or complete exclusion from
laboratories.14 Most academic policies
neglect addressing SDs or only provide
guidelines for their exclusion.14

There has been an increase in both
students registering for disability-
related accommodations and use of SDs
nationwide.15,16 Section 503 of the
Rehabilitation Act of 1973 is deliberately
ambiguous to provide individualized
accommodations in unique situations.17

Case-by-case determinations by each
school may not be assessed objectively.
Science professionals have called for
major science societies to create guide-
lines for SDs in laboratories.18,19 In addi-
tion, SDs are currently prohibited from
animal research facilities around the
country due to concerns the presence of
a dog will negatively influence labora-
tory animals.20,21 Yet, scent or sight of a
domestic dog has not been found to
cause consistently negative outcomes on
rodent physiology or behavior.22 Gener-
ally, accommodating an SD in a labora-
tory environment requires few
modifications.23 Individualized risk as-
sessments can be used to provide
reasonable accommodations tailored to
1596 JOURNAL OF THE ACADEMY OF NUTRI
each student’s needs.24 One article con-
siders biosafety level (BSL) 1 and chem-
ical safety level (CSL) D as almost
universally appropriate for SDs, BSL 2
and CSL C as often appropriate for SDs
possibly with personal protective
equipment (PPE), and BSL 3 and 4 aswell
asCSL BandAas requiringmore rigorous
assessment.14,25-27 Undergraduate core
laboratorycourses are almost always BSL
2 or CSL C or D.14

The American Chemical Society and
the American Society of Microbiology
recommend requiring SDs to wear
similar PPE as other students, such as
boots, goggles, or a lab coat.25,26 The
ADA requires that there be one acces-
sible recessed bench per laboratory,
which often provides sufficient space
for the SD.24,28 Classroom relocation
should be considered if this is not the
case. Alternatively, a designated place
within the laboratory can be estab-
lished for the handler that is out of the
way and near an exit, eyewash station,
and safety shower.14 If necessary, ar-
rangements for obtaining required
supplies can be implemented such as
setting up supplies near the handler or
TION AND DIETETICS
designating that the handler’s labora-
tory partner will retrieve all chem-
icals. Faculty should assist in ensuring
that other students are adhering to
appropriate SD ettiquette.14 This in-
cludes avoiding petting, speaking to,
feeding, or initiating eye contact with
the SD.

In addition to science labs, dietetics
students are required to complete food
preparation courses. SDs are generally
restricted from entering food prepara-
tion areas.29,30 During food preparation
or other labs where the SD cannot be in
the immediate presence of the handler,
faculty should assist in finding a nearby
area where the SD can be left for the
duration of the class that is safe, avoids
high traffic areas, and where the dog
will be undisturbed.14 If the handler
cannot be accompanied by their SD,
alternative accommodations may be
necessary to compensate for not hav-
ing the SD. For example, a deaf student
may need an alternative way to be
alerted to alarms, whereas a student
with epilepsy may need to notify fac-
ulty how to respond should they
experience a seizure.
September 2022 Volume 122 Number 9
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Population Best practices

Lab instructors � Engage in conversation with handlers to determine
appropriate reasonable accommodations

University
administration

� Develop an objective yet flexible policy for SDs in
laboratory courses

� Propose potential reasonable accommodations
and guidelines

� Make policy readily available for students and
faculty to review

Internship directors
and preceptors

� Initiate conversation with intern SD handlers to
determine reasonable accommodations that best
incorporate the SD into the intern’s role

Hospital
administration

� Develop an SD policy consistent with the Ameri-
cans with Disabilities Act

� Include differentiating SDs from pets, therapy
dogs, and emotional support dogs

� Train all staff on implementation of this policy

Registered dietitian
nutritionists

� Focus on the client’s nutrition related needs
� If allergic to or fearful of dogs, develop a plan for

providing care to client SD handlers while mini-
mizing symptoms

Figure 2. Best practices for accommodating service dog (SD) handlers.

PRACTICE APPLICATIONS
A university-wide policy should be
created detailing not only required PPE
and physical placement of the SD in the
laboratory, but also the skills an SD
must have to enter a laboratory
(Figure 2).14 Some commonly recom-
mended skills include staying on a mat,
using a behavior other than a nose
nudge for an alert, remaining in sight of
the handler, entering a safety shower,
and not retrieving dropped objects
automatically.14 However, each handler
has varying disabilities and each SD
receives individualized training. Phys-
ical contact from the SD may be
necessary to reliably recognize the
alert. A visually impaired student may
need their SD to be in reach. In some
labs, it may present the least risk to
place the SD in a low traffic area of the
room in a crate or on a short tether.
Although faculty are not permitted to
inquire directly about the student’s
disability or require the SD demon-
strate tasks, a discussion of the SD’s
tasks can be useful in developing an
individualized plan for the laboratory.
It may be most advantageous for uni-
versities to develop policies that
discuss several options for reasonable
accommodations, to balance the need
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for uniform objective policies to allow
equal access for SD handlers in labo-
ratories while also recognizing that
each handler requires individual ac-
commodations. In most cases, an SD
handler can be accommodated in a
laboratory environment by having the
SD wear any necessary PPE and
remaining in a down stay within reach
or sight of the handler.14
INTERNS AND EMPLOYEES WITH
SDs
Another requirement for becoming an
RDN is completing 1,200 hours of su-
pervised practice experience.10 Upon
passing a registration examination,
RDNs work in environments such as
hospitals, long-term-care facilities, and
foodservice. Although the ADA pro-
hibits discrimination in all public life
areas, including employment,31 implicit
bias is a significant barrier to obtaining
internships and jobs. Section 503 of the
Rehabilitation Act of 1973 mandates
that federal contractors include dis-
abilities in their recruitment and hiring
strategies.32 Hospitals, federal medical
facilities, and institutions receiving
federal research funding should
JOURNAL OF THE ACADE
intentionally recruit and hire qualified
PwDs.32 Such legislation seeks to ensure
qualified PwDs are fairly considered for
jobs, as well as promoting diverse per-
spectives in the workplace. Although
interns are covered under Title II or III of
the ADA in places of public accommo-
dation, PwDs are covered under Title I if
they are interns or employees for a
covered employer.33 Employers and in-
stitutions must make reasonable ac-
commodations for PwDs to provide
equal opportunities without funda-
mentally altering the program’s na-
ture.34 Accommodations in a clinical
setting are best accomplished with
advanced planning, a team approach,
and the inclusion of a disability services
provider with knowledge of the clinical
rotation and the person’s disability.3

The US Department of Labor’s Office of
Disability Employment Policy has made
available a generic how-to guide for
creating inclusive internships.35 Infor-
mation about each person’s disability
should be kept confidential.36

Although SDs are generally well
accepted in public in the United States,
SD presence may lead to confusion in
the case that the disability is not
readily apparent, or the term service
dog is used inconsistently.37 Under-
standing the SD’s tasks may assist in
determining if the dog meets the defi-
nition of an SD and when the dog is not
under the handler’s control. For
example, an SD barking as a trained
alert, differs from a dog barking out of
inadequate training.38 Titles II and III of
the ADA permit SD handlers anywhere
the public is allowed, with the excep-
tion of burn units and operating
rooms.6,7 Providing access for an SD
handler to areas where employees with
similar roles have access is a reason-
able accommodation. The Centers for
Disease Control and Prevention rec-
ommends therapy animals be excluded
from central sterile supply, food prep-
aration areas, intensive care units,
operating rooms, isolation rooms,
laundry areas, medication preparation
areas, and interacting with immuno-
compromised patients; yet recom-
mendations for SDs simply include
allowing an SD handler access any-
where people are normally allowed
without taking precautions to prevent
disease transmission, such as using
PPE.29 Unlike therapy dogs who
interact with many people, SDs need
only to interact with their handler,
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thereby reducing the risk of pathogen
transmission.
Discussion between the handler and

preceptor or employer can be initiated
to ensure that the SD can avoid
becoming a tripping hazard or distrac-
tion during chaotic situations such as
alarms, moving equipment, and un-
predictable patient behavior without
becoming protective or stressed.38

Placing the SD in a down stay or on a
designated mat are options when the
SD will be in the same room at a dis-
tance from the handler or only left
briefly. When unsupervised for an
extended period, the SD should be
placed on a short tether or in a crate
ideally with minimal interference from
others. Interns with SDs do not neces-
sarily need to have the same experi-
ences as other interns, so long as
requirements and objectives are met.
For example, assigning the handler to
patients that are not in isolation when
there are multiple interns or RDNs
available may minimize disease risk
and separation from medical equip-
ment, without compromising learning
or patient care.

PATIENTS ACCOMPANIED BY AN
SD
SD handlers, like any other patients,
need and are entitled to medical care.
Health care professionals generally
receive little to no education concern-
ing interacting with patients with an
SD.39 SD handlers are permitted in all
areas of hospitals, clinics, long-term-
care facilities, private practices, and
anywhere else the public is allowed.7

SDs should not be excluded on the
grounds that staff can provide the same
services as an SD. However, patients,
not staff, are solely responsible for the
SD’s care.7 Handlers may arrange for
friends or family to assist in caring for
the SD if they are hospitalized. Only in
the case that the handler cannot care
for the SD or arrange care can the
hospital initiate steps such as boarding
the SD.
Any dog that is not task trained,

house broken, or under the handler’s
control can be removed.7 Because fear
or allergies generally cannot be used as
a reason to exclude an SD, RDNs who
are fearful or allergic to dogs must
develop strategies for interacting with
SD handlers in advance. Some possible
strategies include the installation of a
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high-proficiency particulate air filter,
providing a blanket for the SD to lay on,
frequent cleaning of shared spaces, or
use of PPE such as a mask to minimize
allergic symptoms while interacting
with SD handlers.29,40 RDNs should
focus on the handler’s nutritional re-
quirements as with other patients,
rather than discussing only the SD or
asking intrusive questions about the
handler’s disability. However, in the
case that the SD assists the handler in
achieving access to safe and adequate
food, water, physical activity, or other
nutrition-related activities of daily
living, this can be documented in the
nutrition assessment note by utilizing
the appropriate Nutrition Care Process
Terminology.41
CONCLUSIONS
It is becoming increasingly common for
PwDs to choose an SD to mitigate their
disability. Developing best practices
and educating food and nutrition
practitioners concerning interactions
with and access for SD handlers,
including students, interns, RDNs, or
patients, will promote diversity, equity,
and inclusion in the field of dietetics.
The Academy of Nutrition and Dietetics
can assist in this effort by creating re-
sources (eg, case studies, fact sheets,
and model policies), offering webinars
and other forms of continuing educa-
tion, and including ability in all defi-
nitions and examples of cultural
competency and implicit bias. Gener-
ally, equal access can be achieved by
recognizing SDs are akin to medical
equipment unlike emotional support
animals, therapy animals, and pets;
adhering to SD etiquette; and
providing the handler access with their
SD anywhere the presence of the SD
will not cause a legitimate safety risk
that cannot be mitigated.
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COVID-19 Increases the Prevalence of
Postural Orthostatic Tachycardia Syndrome:
What Nutrition and Dietetics Practitioners
Need to Know

Cheryl Iny Harris, MPH, RD, LDN
P
OSTURAL ORTHOSTATIC
tachycardia syndrome (POTS) is
a common complex disorder of
the autonomic nervous system,

also known as dysautonomia,whichwas
estimated to affect 1 to 3 million people
in the United States as of 2019.1 POTS is
defined as a clinical syndrome marked
by an excessive increase in heart rate
(ie, tachycardia) after a shift to standing
posture.1 Viral infections are an estab-
lished trigger for POTS, and an unprece-
dented number of people have
contracted viral infections due to SARS-
CoV-2.1 Researchers have documented
the development of POTS as a postinfec-
tious complication after COVID-19 in
previously healthy patients.2-7 Accord-
ing to the American Autonomic Society’s
2021 statement,7 experts from the
United States, Canada, and the United
Kingdom indicated that the incidence
of POTS has increased since the start of
the pandemic, but new numbers on
prevalence are not yet available.
According to UK National Institute for

Health and Care Excellence’s (NICE)
definition, the initial 4-week phase of
COVID-19 is the acute phase. Symptoms
that persist more than 12 weeks past
COVID infection are known as “long
COVID,” which also encompasses long
COVID POTS.7

The United States is in its third year of
theCOVID-19pandemicand513,790,870
people worldwide have been infected as
of the beginning of May 2022; a number
that continues to grow.8 It is likely that
thenumberof peoplewithPOTSwill also
increase after the spike in COVID-19 in-
fections due to the Omicron variant.
Diet and lifestyle management is rec-

ommended as the first line of treatment
for patients with POTS. It is critical that
registered dietitian nutritionists (RDNs)
have the expertise to provide dietary
and lifestyle advice for proper man-
agement of POTS and to coordinate
with the rest of the health care team.9

The aim of this article is to provide
practice tools to support RDNs as POTS
cases become more common.

POTS DIAGNOSIS, SYMPTOMS,
AND COMORBIDITIES
Orthostatic intolerance describes symp-
toms that result froma shift to anupright
or standing position. POTS is the most
common cause of chronic orthostatic
intolerance. Orthostatic intolerance
leads to tachycardia and a range of other
symptoms.10AprimarymarkerofPOTS is
the increase in heart rate by �30 beats/
min when moving from a recumbent
position to a standing posture (or 40
beats/min for someone aged 12 through
19 years), in the absence of a �20-point
drop in systolic blood pressure, known
as orthostatic hypotension.9,11 POTS is
characterized by symptoms that include
lightheadedness, palpitations, tremor,
generalized weakness, blurred vision,
exercise intolerance, fatigue, and brain
fog.9,12 Symptoms must be present for 3
or more months with no previously
identified organic cause.11 Symptoms
usuallyabatequicklyafter lyingdown.9,11

POTS affects multiple systems of the
body, with cardiovascular, neurologic,
autonomic, and evengastroenterological
symptoms, and can be diagnosed by a
cardiologist, neurologist, autonomic
specialist, or a pediatrician in the case of
an adolescent.1 As many of the symp-
toms of POTS might prompt patients to
seek the services of an RDN, it is vital for
health care professionals to notice and
refer patients for evaluation when
warranted.
ª 2
POTS affects women predominately
(4:1 female tomale ratio); the typical age
range is 12 through 50 years.1 According
to data from before the onset of COVID-
19, 42% of patients reported that a virus
preceded their POTS symptoms.13 In
addition to the circulatory symptoms
experienced by peoplewith POTS,which
are predominantly experienced when
sitting or standing, studies found that
>90% of patients report 1 or more
gastrointestinal symptoms that are in-
dependent of posture.14,15 Nausea,
abdominal pain, and bloating are the
digestive symptoms reported most
commonly.14,15 Typically, patients with
concomitant hypermobile Ehlers-Danlos
syndrome, hypermobility spectrum dis-
order, or mast cell activation syndrome
and POTS, in particular, present with an
elevated burden of gastrointestinal
symptoms due to the intersection of the
conditions.14,16

People with POTS experience a range
of comorbid conditions at much higher
rates than the general population, which
often complicate care (Figure 1).Many of
these conditions affect both dietary
intake and nutritional status. A 2019
survey of 3,835 participants with POTS
reported a physician’s diagnosis of com-
mon conditions. The most common di-
agnoses reported were migraine
headaches (40%), irritable bowel syn-
drome (30%), hypermobile Ehlers-Danlos
syndrome or hypermobility spectrum
disorder (25%), myalgic encephalomy-
elitis/chronic fatigue syndrome (ME/CFS)
(21%), fibromyalgia (20%), iron-
deficiency anemia (16%), autoimmune
disease (16%), gastroparesis (14%), and
mast cell activation syndrome (9%).11,15

Although celiac disease generally affects
1% of the population, research indicates a
prevalence of 4% among people with
POTS.17
022 by the Academy of Nutrition and Dietetics.
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Figure 1. Comorbidities and symptoms of postural orthostatic tachycardia syndrome
(POTS).10,15,18 EDS ¼ Ehlers-Danlos syndrome and hypermobility spectrum disorder;
IBS ¼ irritable bowel syndrome; MCAS ¼ mast cell activation syndrome; ME/CFS ¼
myalgic encephalomyelitis/chronic fatigue syndrome.

PRACTICE APPLICATIONS
NUTRITION ASSESSMENT AND
MANAGEMENT OF PATIENTS
WITH POTS
The nutrition care process for patients
with POTS begins with a diet diary and
assessment of nutrition and lifestyle
habits. The RDN looks for dietary
� Consume 2-3 L of water daily9,11

B Start fluids early in the morning
� Increase sodium as tolerated, up to

B Consult with medical team rega
B If not provided, start with 6 g s
B Patient can add salt to food. Or
B Too much salt at one time can

� Patients should avoid alcohol, which
� Patients should avoid caffeine, whic
� Patients should avoid dehydration,
� Small frequent meals and fewer refi
� Coordinate all recommendations wi

Figure 2. Current dietary recommendations
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adequacy and the fundamentals of
healthy nutrition. This includes pat-
terns that could lead to lightheaded-
ness, weakness, fatigue, and brain fog,
such as undernutrition, deficiencies in
macronutrients, signs of an eating dis-
order, or other imbalances. The RDN
, even before getting out of bed19

10-12 g/d9

rding sodium goal
alt daily, divided throughout the day. Increas
, if needed, patients can use slow-release sal
trigger nausea21

may increase symptoms of POTS12

h may increase symptoms of POTS12

which exacerbates the symptoms of POTS12

ned carbohydrates are recommended for gly
th interprofessional team

for postural orthostatic tachycardia syndrom
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also looks for consumption patterns
that are known to exacerbate POTS
symptoms, such as dehydration or
consumption of alcohol or caffeine.12

General nutrition recommendations
for POTS can include eating small
frequent meals and also consuming
primarily lower glycemic carbohy-
drates.19 Empirical evidence suggests
this will reduce postprandial hypoten-
sion (Figure 2).
Fluids and Salt
One of the mainstays of POTS treat-
ment is the consumption of fluids and
salt; although this is quite simple,
compliance can be challenging. The
2015 Heart Rhythm Society Expert
Consensus Statement on the Diagnosis
and Treatment of Postural Tachycardia
Syndrome recommends considering
the consumption of up to 2 to 3 L of
water and 10 to 12 g of NaCl (salt)
daily.9 The Canadian Cardiovascular
Society Position Statement on Postural
Orthostatic Tachycardia Syndrome,
published in 2020, recommended 10 g
of salt via high-salt foods, salt sticks,
and tablets, and at least 3 L of oral
fluids11 (Figure 3). Ten grams of salt
translates to roughly 2 teaspoons of
table salt daily. Two liters of fluid is
approximately 8.5 cups and 3 L is 12.7
cups. For a frame of reference, the
2020-2025 Dietary Guidelines for Amer-
icans recommends limiting sodium
consumption to 2,300 mg daily for
adults, or 2.3 g.22

Although high salt recommendations
have been used empirically by POTS
experts for decades, research has been
scant and the guidelines have been
e gradually20

t tablets9,11

cemic balance19

e.
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• Small frequent meals
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• Manage diges�ve symptoms
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appropriate
• Screen for ea�ng disorders
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• Refer to physical therapist 

if appropriate
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• Alcohol
• Caffeine
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• 2-3 L water
• 10-12 g salt

(as tolerated)

Figure 3. Nutritional guidance for postural orthostatic tachycardia syndrome
(POTS).9-11,14,17-19,21,23-26

PRACTICE APPLICATIONS
based primarily on clinician observa-
tions. The largest trial, published in
2021, followed 14 patients with POTS
and 13 healthy controls for 6 days in a
crossover study with either a high-
sodium diet, defined as 300 mEq
daily, or 6.9 g, or a low-sodium diet,
which was 10 mEq daily, or 230 mg.
The group of patients with POTS
consuming the high-sodium diet
experienced increases in plasma vol-
ume, decreased changes in heart rate,
and lower standing norepinephrine
levels, which all represent therapeutic
benefits.27

This advice runs counter to stan-
dard nutritional recommendations
and may be perplexing for patients
and practitioners alike.22 The current
hypothesis is that the sodium intake
helps expand plasma and blood vol-
ume, which can improve orthostatic
intolerance.20 However, for patients
with multiple comorbidities, such as
hypertension, renal disease, or cardiac
conditions, there are no specific rec-
ommendations aside from frequent
monitoring of blood pressure.20 RDNs
must request a sodium goal from the
patient’s provider, customize recom-
mendations to the patient’s individual
needs, and closely monitor the pa-
tient’s response.
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Gastrointestinal Problems and
Nutrient Deficiencies
As mentioned, most patients with POTS
experience a variety of gastrointestinal
symptoms. Medical nutritional therapy
must be tailored specifically to manage
those concerns properly. Some patients
may have a range of typical nutritional
deficiencies commonly seen secondary
to gastrointestinal disorders, such as
gastroparesis, celiac disease, or small
intestinal bacterial overgrowth.23

Research indicates that deficiencies in
fat-soluble vitamins, such as vitamins A,
E, D, and K and essential fatty acids, may
occur due to either digestive malab-
sorption or a restrictive diet.23 Low iron,
folate, and/or vitamin B12may be due to
dietary restrictions.23 Thiamin defi-
ciency is relatively uncommon, but has
been shown to have a profound effect on
a small subgroup of patients.23,28 If there
is reason to suspect that a patient might
have vitamin deficiencies, the RDN
should collaborate with the patient’s
health care team to advocate for testing.
Correcting these deficiencies is vital.
In the general population, the rate of

celiac disease is approximately 1%.17 In
a study of 100 patients with POTS, the
prevalence of biopsy- and serology-
TION AND DIETETICS
proven celiac disease was 4%.17

Because the risk of celiac disease is 4
times higher than in the general public,
patients should be screened for celiac
disease before any dietary adjustments
if there is reason to suspect any type of
gluten or FODMAP (fermentable oligo-,
di-, monosaccharides, and polyols)
sensitivity.17 The same study found that
an additional 6% of patients with POTS
reported self-diagnosed gluten sensi-
tivity, but did not have serologic or
other diagnostic markers of celiac dis-
ease.17 Common deficiencies among
people with newly diagnosed celiac
disease include iron, folate, zinc, mag-
nesium, vitamin D, and vitamin B12.29

The RDN should ensure that patients
with POTS with celiac disease have
been screened and are supplementing
appropriately.
Eating Disorders
Researchers have noted that the risk
factors for POTS overlapped with
symptoms and risk factors seen in peo-
ple with eating disorders. Both condi-
tions are diagnosed frequently inWhite,
adolescent women who experience fa-
tigue, dizziness, and changes in heart
rate.18 Both groups are more likely to
experience chronicpain than their peers
without these conditions.18 Researchers
have examined the correlation between
POTS and eating disorders in adoles-
cents; 73.9% reported restrictive eating
and 10.4% of the 71 patients reported a
prior diagnosis with a specific eating
disorder, which is significantly higher
than the national average.18 Some di-
etary adjustments are expected, given
the comorbidities; for example, avoid-
ance of gluten in patients with celiac
disease, avoidance of foods causing
anaphylaxis in patients with mast cell
activation syndrome, and a lower-fiber
diet for people with gastroparesis.
However, this study suggests that rates
of eating disorders and disordered
eating may be higher than expected for
patientswith POTS. This areahas not yet
been studied in adults and needs more
research.

RDNs support a balanced relation-
ship with food for patients with POTS
by advocating for as wide and varied a
diet as possible, given physiologic
constraints, avoiding restrictive advice
when possible, and screening regularly
for eating disorders.18,23 There are
several tools available to screen
September 2022 Volume 122 Number 9
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Types of exercise
semi-recumbent/recumbent biking, swimming, rowing

Gradually including up to 
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Individualized plan
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can converse in full 
sentences
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natural increases as 
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Self-paced / �tra�on

Suppor�ve medical team
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Guidelines are evolving
Figure 4. Physical activity guidelines for postural orthostatic tachycardia syndrome (POTS).11,21,24-26 EDS ¼ Ehlers-Danlos syndrome
and hypermobility spectrum disorder; ME/CFS ¼ myalgic encephalomyelitis/chronic fatigue syndrome.
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patients for eating disorders, such as
the SCOFF (Sick, Control, One, Fat,
Food) questionnaire, EAT-26 (Eating
Attitudes Test), and the Nine Item
Avoidant/Restrictive Food Intake Dis-
order Screen. It is important to note
that although these screeners are vali-
dated for general populations, they are
not validated for patients with chronic
illnesses or gastrointestinal disorders,
which are greatly overrepresented
among patients with POTS. The Nine
Item Avoidant/Restrictive Food Intake
Disorder Screen might overinflate the
scores of patients with digestive dis-
eases.18,30 An eating disorder specialist
can help determine whether a patient
is avoiding a food due to POTS symp-
toms or an eating disorder.18

The RDN should also weigh the “pros
and cons” of any potential therapeutic
diets if there is any concern of disor-
dered eating or an eating disorder in
the patient, and modify the diets when
possible to maximize the benefit for
the patient.
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SUPPORTIVE LIFESTYLE
PRACTICES

Physical Activity
The nutrition intake process should
include questions about physical ac-
tivity and movement. Deconditioning
can exacerbate the symptoms of
POTS.9,12 This can lead to a downward
spiral, because the worsening of
symptoms will generally discourage
exercise. Patients may report changes
in activity level due to shifts in access
to a gym or work changes because of
the COVID-19 pandemic.
There are different exercise rehabili-

tation protocols, depending on
whether the POTS diagnosis followed a
COVID-19 infection. Patients with ME/
CFS may need to adapt exercise pro-
tocols (Figure 4).
For patients with POTS unrelated to

COVID-19, recommendations support
gradually incorporating 30 minutes of
aerobic, semi-recumbent exercise. Ex-
amples include a recumbent bike,
JOURNAL OF THE ACADE
rowing machine, or swimming at
least 4 days per week.11 Experts note
that it may take 4 to 6 weeks for
patients to begin to see improve-
ments in POTS symptoms. Exercise
may help a portion of patients ach-
ieve remission of POTS symptoms.11

As patients get stronger, they may
be able to progress to other types of
upright physical activities.

The American College of Cardiology’s
“Expert Consensus Decision Pathway
on Cardiovascular Sequelae of COVID-
19 in Adults” released guidance in
May 2022 regarding the needs of pa-
tients with COVID-19.24 After patients
are medically cleared to resume exer-
cise, the recommendations are to begin
recumbent exercise, such as rowing,
cycling, or swimming.24 The advice is
to begin below the patient’s maximal
capacity, with natural increases as the
patient gets stronger.24 An example
provided is for patients to start with
daily recumbent exercise for 5 to 10
minutes per day at an intensity that
MY OF NUTRITION AND DIETETICS 1603
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allows for conversation in full senten-
ces.24 In this model, patients would
increase the amount of time, for
example, an additional 2 minutes daily
per week.24

The UK’s NICE 2022 guidelines for
long COVID did not make specific rec-
ommendations regarding exercise, cit-
ing conflicting research.25 The NICE
guidelines did recommend careful self-
pacing and more research.25

As mentioned, there is an overlap
between patient populations with
POTS and those who have ME/CFS. The
UK’s NICE guidelines specifically
caution against graded exercise pro-
tocols for people recovering from
COVID-19 who have ME/CFS.24 The
UK’s National Institute for Health and
Research gave similar warnings about
graded exercise for people with ME/
CFS in their review, “Living with
COVID.”26 They noted that people with
long COVID and ME/CFS often experi-
ence overlapping symptoms, including
exercise intolerance.26 Noting the po-
tential benefits of movement, the Na-
tional Institute for Health and
Research advocates for “symptom-
titrated physical activity” and pacing
of activities of daily life, including
exercise.26

Physical activity guidelines for pa-
tients with POTS after long COVID will
be further refined as more compre-
hensive information becomes available.
RDNs work with patients to identify

safe access to equipment, given the
potential constraints due to COVID-19.
For patients with severe symptoms,
substantial deconditioning, or with
comorbidities, particularly those with
ME/CFS, hypermobile Ehlers-Danlos
syndrome, or hypermobility spectrum
disorder, the guidance of a physical
therapist with specific expertise on
these conditions or a formal cardiac
rehabilitation program can be
supportive.11,21
Regulating Body Temperature
Other potential tools for easing symp-
toms of POTS include regulating tem-
perature and compression garments.
Excessive heat can exacerbate POTS
symptoms, and cooling improves
orthostatic intolerance.9,21 Simple
measures, such as spritzing with cool
water, using a cooling vest, or carrying
a portable fan can improve quality of
life.21
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Compression Garments
Compression garments can be a tool to
reduce venous pooling or the pooling
of blood in lower extremities.11

Compression garments that cover the
calf and thigh only might be less
effective, but garments that cover the
calf, thigh, and abdomen are helpful for
some patients.11,21 It may require
experimentation of type and degree of
compression so that the garments do
not trigger bruising or digestive
distress.11,21
Psychological Stress
A range of studies have pointed to the
stresses of COVID-19, social isolation,
and uncertainty of the past few years,
leading to increases in depression,
anxiety, eating disorders, post-
traumatic stress disorder, and other
challenges.31-34 Patients with a new
diagnosis of POTS or patients with an
existing diagnosis, particularly those
with other comorbidities and disabil-
ities, may experience a magnified sense
of stress, loss, or trauma due to diffi-
culty accessing needed care or fears for
their safety and current or future well-
being.21 Patients need a compassionate
provider to empathize with the diffi-
culty navigating a complex diagnosis in
the middle of a pandemic without the
usual forms of social support. A referral
to a therapist may also be warranted,
ideally within an interdisciplinary
team, or the RDN may need to provide
a list of therapists who are currently
accepting new patients.

PUTTING THE
RECOMMENDATIONS INTO
PRACTICE
Some patients experience difficulty
increasing water intake, especially up
to 2 to 3 L. Guidance suggests that fluid
intake is most beneficial in the morn-
ing, even starting before getting out of
bed.19 Phone reminders or computer
apps can be supportive tracking tools
to help patients meet their desired
targets.
Consuming 10 to 12 g of salt may

seem like a daunting task for many
patients. Often, patients are started at a
lower dose initially, such as 6 g, and salt
is increased gradually to find an optimal
dosage.20 If the patient does not dislike
the taste of salt, they can measure out
the salt into a container, and use it on
TION AND DIETETICS
foods through the day. If salt intake
through foods is insufficient tomeet the
goal, patients may try slow-release salt
tablets, as toomuch salt at one timemay
provoke or worsen nausea.21 There is
speculation that a glucose and salt so-
lution may be more effective at
expanding blood volume, but this hy-
pothesis needs to be adequately tested
before recommendations aremade. The
addition of glucose may contribute to
weight gain or difficulty with glycemic
management.21
CONCLUSIONS
POTS is a common, physiologically
complex condition that is increasing
due to COVID-19. RDNs are an invalu-
able part of the interprofessional team
helping patients implement first-line
treatments, such as fluids, salt, a low-
glycemic diet, medical nutrition ther-
apy for digestive difficulties and eating
disorders, and lifestyle modifications.
Coordination with other specialties is
necessary, as is an understanding of the
unique stressors of patients navigating
medical challenges during a pandemic.
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ABSTRACT
Background Little is known about the dietary practices of womenwho have completed
primary treatment for ovarian cancer, many of whom will go on to have cancer recur-
rence and further treatment. Knowledge of dietary practices is needed to optimize care.
Objective Our aimwas to identify dietary practices after primary treatment for ovarian
cancer and evaluate how these practices differ by disease recurrence and treatment
status.
Design Women with invasive epithelial ovarian cancer were provided with the
following open-ended question after completing a food frequency questionnaire: “Is
there anything we haven’t asked you about your diet in the last 1 to 2 months that you
feel is important?”
Participants/setting Participants were from the OPAL (Ovarian Cancer Prognosis and
Lifestyle) Study in Australia.
Main outcomes The main outcomes were dietary practices after primary treatment for
ovarian cancer and factors affecting these practices.
Analysis Participants’ responses were analyzed using content analysis. Individual
content codes were categorized and reported by recurrence and treatment status at
questionnaire completion.
Results Two hundred eighty-six women provided responses on 363 questionnaires.
Those undergoing further treatment for recurrence commonly reported dietary regi-
mens with clinical indications (eg, low fiber to avoid bowel obstructions, high energy/
protein to minimize nutritional deficits). Those not undergoing further treatment
frequently reported “popular” diets (eg, organic, plant-based, and alkaline). For women
with cancer recurrence, dietary practices were affected by poor appetite and late effects
of treatment. For women without recurrence, other comorbidities, geographical loca-
tion, family, and friends appeared to influence dietary practices. In both groups,
nutrition information sources and personal beliefs informed dietary practices. Partici-
pant responses that referenced media or online sources often included misinformation.
Conclusions After primary treatment for ovarian cancer, women report dietary prac-
tices that may not be captured in standard food frequency questionnaires. Dietary
practices and factors affecting these practices likely differ by treatment and recurrence
status. Improved access to evidence-based dietary information and support is needed.
J Acad Nutr Diet. 2022;122(9):1607-1628.
A
FTER A CANCER DIAGNOSIS, PEOPLE REPORT
changing their dietary practices in the hope of
reducing their risk of cancer recurrence and
improving overall health and wellbeing.1,2 Dietary

changes commonly reported by cancer survivors include
increased intake of fruits and vegetables and reduced con-
sumption of meats, alcohol, fat, sugar, and dairy products.3-7

These changes largely align with diet quality recommenda-
tions for cancer survivors,8 and there is evidence that
adhering to a high-quality dietary pattern post-diagnosis is
associated with better survival and quality of life, particularly
among people with breast and colorectal cancer.9,10
To date, little is known about the dietary practices of
women who have completed primary treatment for ovarian
cancer. In a small Polish study of 44 women, those under-
going subsequent-line chemotherapy reported consuming
bread, pasta, fruit, vegetables, oils, nuts, and juices more
frequently.11 Although not specific to ovarian cancer, in tele-
phone interviews with 141 women with gynecologic malig-
nancies in Germany, participants most commonly reported
consuming more fruits and vegetables and eating less meat
post-diagnosis.4 A small proportion (9%) reported following a
special “anti-cancer” diet, such as a low-carbohydrate diet or
a fasting regimen.4 In focus groups with long-term survivors
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RESEARCH SNAPSHOT

Research Question: What dietary practices do women report
after primary treatment for ovarian cancer, and how do these
practices differ by disease recurrence and treatment status?

Key Findings: In this content analysis of 363 responses to an
open-ended question about diet by 286 women, participants
reported following specific dietary practices that may not be
captured in food frequency questionnaires, but could be
assessed through inclusion of a checklist (eg, alkaline,
organic, gluten/wheat-free, and low fiber). Reported dietary
practices mostly differed by treatment status and factors
affecting these practices by recurrence status. Participant
responses that referenced media or online sources often
included nutrition misinformation.

RESEARCH
of ovarian cancer (more than 5 years post diagnosis) in North
America, participants commonly reported eliminating meat,
dairy, and sugar from their usual diet after receiving a cancer
diagnosis, and many were still adhering to these dietary re-
strictions years later.12

To support the health and wellbeing of women who have
completed primary treatment for ovarian cancer, a greater
understanding of dietary practices, and the factors affecting
these practices, is needed. Primary treatment for ovarian
cancer typically involves a combination of surgery and
chemotherapy, depending on the extent of disease and in-
dividual patient factors.13 Although new targeted treatments
have increased progression-free survival, ovarian cancer is
often detected at an advanced stage14,15, and 70% of women
experience disease recurrence within 3 years of primary
treatment.16,17 Depending on the time to relapse and che-
mosensitivity of the tumor, women with recurrent disease
may undergo further chemotherapy and/or secondary cyto-
reductive surgery.18 Ovarian cancer recurrence negatively
affects psychological and physical health,19 and the primary
goal of further treatment is to support quality of life.16,18 Thus,
further insight regarding dietary practices after primary
treatment for ovarian cancer is needed to optimize care for
these women, many of whom experience disease recurrence
and further treatment post-primary treatment.
Studies investigating dietary intake of populations

commonly use food frequency questionnaires (FFQs), as they
provide a low-cost method for estimating usual food and
nutrient intake20,21 and diet quality22 over an extended
period of time. However, FFQs may not accurately capture
specific dietary practices, such as food combinations or ex-
clusions, because participants are limited to the food items
presented in the FFQ. In addition, FFQs do not assess behav-
ioral aspects of dietary intake, such as eating patterns and
factors influencing food choices.
Therefore, in this study we used qualitative data from a

large cohort study to identify dietary practices after primary
treatment for ovarian cancer that might not be captured in
FFQs and evaluate how these practices differ by disease
recurrence and treatment status.
MATERIALS AND METHODS
Participants and Recruitment
Participant recruitment for the OPAL (Ovarian Cancer Prog-
nosis and Lifestyle) Study has been described elsewhere.23

Briefly, the OPAL Study is a national prospective cohort of
958 women in Australia (aged 18 to 79 years) diagnosed with
invasive epithelial ovarian cancer (henceforth ovarian cancer)
between January 2012 and May 2015. The study was
approved by the Human Research Ethics Committees of QIMR
Berghofer Medical Research Institute and all participating
centers (n ¼ 18). All women provided signed informed con-
sent to participate.
Data Collection Procedure
Disease and treatment-related information was abstracted
from medical records by research nurses (stage at diag-
nosis using the 2009 International Federation of Gyne-
cology and Obstetrics classification, tumor histology, type
of chemotherapy, treatment start and end dates, and
1608 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
treatment response). Disease recurrence and vital status
were updated during an annual review of medical records.
Socioeconomic characteristics and health and lifestyle

prediagnosis were collected via self-administered question-
naires at recruitment. This occurred as soon as possible after
diagnosis (median 49 days, maximum 9 months). Socioeco-
nomic characteristics included age, education, ethnicity,
employment, and marital status. Geographical remoteness
was determined based on postal code of residence using the
Accessibility/Remoteness Index of Australia 2011.24 Health
insurance status was identified based on the center where
women received their primary cancer treatment (ie, a public
or private hospital).
Information regarding health and lifestyle prediagnosis

included weight, height, personal medical history, physical
activity levels, smoking status, and use of a natural practi-
tioner or complementary and alternative medicine (CAM).
Body mass index 5 years before diagnosis was calculated
using self-reported weight and height (kg/m2). A measure of
comorbidity, the Charlson Comorbidity Index, was deter-
mined from self-reported medical history.25 Typical levels of
anxiety and depression prediagnosis were estimated retro-
spectively using the Hospital Anxiety and Depression Scale.26

Dietary intake in the year prediagnosis was measured at
recruitment using a semi-quantitative 139-item FFQ adapted
from an FFQ developed by Willet and colleagues27,28 and
validated in an Australian population.29-31 Diet quality scores
were derived using the World Cancer Research Fund 2018
criteria.32

After recruitment, the FFQ was used to assess dietary
intake at 12 and 24 months post diagnosis. This included an
open-ended question: “Is there anything we haven’t asked
you about your diet in the last 1 to 2 months that you feel is
important?” with an open field box (11 lines) for comments.
Responses to a previous question in the FFQ—“Were you on a
special diet prescribed by your doctor or dietitian?”—were
included with participants’ responses to the open-ended
question, when this information was not repeated in their
response to the open-ended question. Before 12 months post-
diagnosis, women were not asked to complete the FFQ,
but general follow-up questionnaires included questions
about intake of key food groups in the past 1 to 2 months
and a similar open-ended question, although this was not
diet-specific: “Is there anything else we haven’t asked
September 2022 Volume 122 Number 9
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about that you think might be important?” All responses
to the open-ended questions were entered verbatim into
the study database.
Data Analysis
Women’s responses to the open-ended questions were
included in this analysis of dietary practices after primary
treatment if the questionnaire (general or FFQ) was
completed at least 60 days after the end of primary treatment
(because the questionnaires asked about diet in the previous
1 to 2 months). Data for this analysis included 342 responses
to the open-ended question on the FFQ and 21 diet-related
responses to the open-ended question at the end of the 9-
month study questionnaire. This provided a total of 363 re-
sponses from 286 women.
Descriptive statistics were used to characterize women

who completed at least 1 FFQ or general questionnaire after
primary treatment and those who did not (n ¼ 781 vs 177)
and among those who completed at least 1 questionnaire,
those who did and did not respond to the open-ended
question (n ¼ 286 vs 495). Comparisons between these
groups were made using c2 tests. All analyses were per-
formed using SAS, version 9.4.33 All tests were 2-sided with
P < .05 indicating statistical significance.
Responses to the open-ended questions were analyzed

using content analysis, a widely used qualitative approach for
studying written communication.34 Content analysis
OPAL Study cohort

n = 958 potential 
participants

Participants who 
completed at least 1

questionnaire after end of
primary treatment

n = 781

Participants who 
responded to the 

open-ended question
about diet at least once

n = 286
Figure 1. Flow diagram of participants included in a content an
practices in the OPAL (Ovarian Cancer Prognosis and Lifestyle) Stu
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facilitates the study aim of identifying dietary practices after
primary treatment for ovarian cancer through the systematic
coding of text on the basis of the words and language used,
followed by categorization of codes on the basis of shared
meaning.35 Content analysis also enables relationships
among key concepts within the text to be identified and
described on the basis of the co-occurrence of codes.36

The first author reviewed responses extracted from ques-
tionnaires to become familiar with the data. Responses were
then coded inductively on the basis of the words used in the
comment (eg, avoiding sugar). To avoid condensing complex
responses into a single code, codes were allocated to “meaning
units” within each comment (ie, words or phrases that share a
common sentiment).37 Coding continued until no further codes
could be extracted from meaning units and the data could be
sorted into existing codes without any discrepancies or over-
lap.34,36 Codeswere thengrouped into categories on the basis of
commonalities with other codes (eg, codes for “plant-based”
and “organic” were grouped in the “specific dietary practices”
category). Individual codes and categories of codes were docu-
mented in a coding frame. To check reliability, the second
author, who is experienced in qualitative research, inde-
pendently coded a random sample (10%) of responses
using the coding frame. Inter-rater agreement was
assessed as substantial (l ¼ 0.71).38

After coding, responses were separated into the following 3
groups on the basis of participants’ disease recurrence and
treatment status at the time of completing the questionnaire:
Did not complete a 
questionnaire after end 
of primary treatment 

n = 177

No response to the 
open-ended question

about diet on any post-
treatment questionnaire

n = 495

alysis of responses to an open-ended question about dietary
dy conducted in Australia.
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no recurrence, no treatment; recurrence, treatment; and
recurrence, no treatment. To account for participants
responding to the open-ended question on more than 1
questionnaire after primary treatment, the number and
proportion of individual codes and categories of codes were
reported on the basis of the number of participants in each
group rather than the number of responses in each group. For
example, if a participant reported intermittent fasting on 2
questionnaires that fell in the same recurrence and treatment
group, the intermittent fasting code was counted once in that
group. Analysis aimed to identify key concepts discussed
rather than the true prevalence of dietary practices; thus,
formal comparisons of subgroup differences have not been
performed.
Analytic findings are discussed descriptively with reference

to a sample of verbatim quotes from participants. Quotes are
presented alongside the participant’s identification number
and their recurrence and treatment status at the time of
completing the questionnaire.

Researcher Characteristics and Reflexivity
The research team included a registered dietitian, a quali-
tative researcher in health communication, a gynecology
oncology clinical nurse consultant, a gynecological oncol-
ogist, a nutritional epidemiologist, and a cancer epidemi-
ologist. All authors are currently involved in research
investigating dietary intake, care, and communication after
treatment for ovarian cancer. None of the authors had
direct contact with study participants. Permission to use
the de-identified data was obtained from P.M.W. An audit
trail was maintained throughout the coding and analytic
phases.

RESULTS
Of the 958 participants in the OPAL Study, 781 (82%)
completed at least 1 questionnaire after completing their
primary treatment for ovarian cancer (Figure 1). Those who
completed a questionnaire post-treatment were more likely
to be White, more likely to be in the highest tertile of physical
activity prediagnosis, and more likely to have had a complete
response to primary treatment (Table 1; available at www.
jandonline.org).
Of the 781 womenwho completed at least 1 questionnaire,

286 (37%) responded to the opened-ended question on one or
more occasions (Figure 1). Most women (74%) responded on
1 questionnaire only, 73 (26%) responded twice and 2 women
(<1%) responded 3 times, a combined total of 363 responses.
Of the 363 responses, 253 responses were from 208 women
who did not have disease recurrence when completing the
questionnaire (median 7.7 months post-primary treatment;
interquartile range, 6.1 to 12.3 months), 50 responses were
from 50 women undergoing further treatment for disease
recurrence (median 17.6 months post-primary treatment;
interquartile range, 7.4 to 18.8 months), and 60 responses
were from 55 women with disease recurrence, but not un-
dergoing further treatment (median 17.3 months post-
primary treatment; interquartile range, 7.2 to 18.8 months).
Table 2 compares the baseline characteristics of women

who responded to the open-ended question at least once
with those who completed the questionnaire but did not
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answer the open-ended question. As in the full cohort, most
women who responded to the open-ended question were
White and had a complete response to primary treatment.
They were also more likely to have a tertiary education
qualification, reside in a major city, live with a partner, and
report using complementary and alternative therapies before
diagnosis (Table 2).
When asked whether there was anything about their diet

in the last 1 to 2 months that was important to them but not
covered in the FFQ, participants commented on their dietary
practices and factors affecting these practices. Table 3 pre-
sents the categories of codes identified from participants’
responses according to their disease recurrence and treat-
ment status when completing the questionnaire (see Table 4
for further detail on individual codes; available at www.
jandonline.org). These findings are discussed below, sup-
ported by participant quotes in Figures 2 and 3, with in-text
numbering in parentheses referring to the relevant sections
of these figures.

Dietary Practices After Primary Treatment for
Ovarian Cancer
Specific Dietary Practices. Among women who were not
undergoing further treatment when completing the ques-
tionnaire, dietary practices most commonly reported were
avoiding processed foods or sugar, juicing fruits and vegeta-
bles, following a plant-based diet, choosing organic foods,
and following an alkaline diet (Figure 4). Of these women,
30% (n ¼ 23) reported adhering to 2 or more practices, such
as choosing organic foods and avoiding processed foods or
sugar. Among women who were undergoing further treat-
ment, the most common dietary practices reported were low
fiber, high energy/protein, juicing fruits and vegetables, and
gluten- or wheat-free (Figure 4).

Specific Food or Meal Habits. Across all recurrence and
treatment groups, participants’ comments recounted specific
food or meal habits. Most commonly, this was using herbs
and spices (3.1) or a sugar substitute (3.2). Other food habits
included regularly eating green leafy vegetables, routine
consumption of specific drinks, adjustments to baking, and
specific oils (3.3). Several participants also described their
dietary habits at a particular mealtime (3.4).

Overall Approach to Eating. In contrast to specific food or
meal habits, some participants described their overall eating
pattern across a day or week (3.5). Other participants re-
flected on their overall dietary intake, identifying aspects
they were satisfied with or seeking to improve (3.6). Some
participants reported outsourcing meal preparation, often
due to fatigue (3.7).

Use of Dietary Supplements and CAM. Across all recur-
rence and treatment groups, participants commented on
using micronutrient supplements, CAM, and oral nutrition
supplements. The proportion of participants commenting on
CAM use was highest among women with disease recurrence
who were not undergoing further treatment (Table 4; avail-
able at www.jandonline.org). Women who mentioned CAM
typically reported multiple items (3.8). Use of botanical or
September 2022 Volume 122 Number 9
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Table 2. Baseline characteristics of the 781 Australian women in the OPALa Study who completed at least one questionnaire
after primary treatment for ovarian cancer, comparing those who did and did not provide at least one response to the open-
ended question about dietary practicesb

Baseline characteristic

At Least 1
Response
(n [ 286)

No Response
(n [ 495)

P Valuecn % n %

Socioeconomic factors

Age at diagnosis .4

<65 y 174 61 315 64

�65 y 112 39 180 36

Education <.001

High school or less 104 36 255 52

University or vocational training 181 64 240 48

Unknown 1 — 0 —

Ethnicity .8

White 236 83 417 84

Asian 24 8 38 8

Other 26 9 40 8

Paid employment .4

Yes 167 58 274 55

Lives with a partner .04

Yes 209 73 327 66

Accessibility/Remoteness Index of Australia 2011 .4

Major cities 193 67 319 64

Regional/remote 93 33 176 36

socioeconomic indexes for areas in Australia 2011 .3

Quintile 5 (highest) 51 18 66 13

Quintile 4 60 21 123 25

Quintile 3 62 22 110 22

Quintile 2 63 22 94 19

Quintile 1 (lowest) 50 17 102 21

Insurance type .5

Public 135 47 247 50

Private 151 53 248 50

Health and lifestyle prediagnosis

Self-rated health in the year before diagnosis .9

Excellent/very good 206 73 359 73

Good 54 19 99 20

Fair/poor 24 8 37 7

Charlson Comorbidity Index 2011 prediagnosis .6

0 (no comorbidity) 224 78 399 81

1 (low comorbidity) 41 14 69 14

2þ (high comorbidity) 21 7 27 5
(continued on next page)
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Table 2. Baseline characteristics of the 781 Australian women in the OPALa Study who completed at least one questionnaire
after primary treatment for ovarian cancer, comparing those who did and did not provide at least one response to the open-
ended question about dietary practicesb (continued)

Baseline characteristic

At Least 1
Response
(n [ 286)

No Response
(n [ 495)

P Valuecn % n %

Mental health condition prior to diagnosisd .6

Yes 69 24 127 26

Body mass index category 5 y prediagnosis .3

Normal or underweight 132 46 210 42

Overweight or obese 154 54 285 58

Physical activity level prediagnosis (METe h/wk) .5

Highest tertile 72 30 135 35

Middle tertile 79 33 131 34

Lowest tertile 86 36 125 32

Unknown 49 — 104 —

Smoking status in the year before diagnosis .09

Never 160 56 259 52

Former 104 36 173 35

Current 22 8 63 13

WCRFf diet quality score (food only) prediagnosis .06

Quartile 4 (highest) 69 30 80 21

Quartile 3 56 24 107 28

Quartile 2 59 25 97 25

Quartile 1 (lowest) 49 21 103 27

Unknown 53 — 108 —

Use of complementary and alternative
medicines prediagnosisg

.005

Yes 86 30 105 21

Disease and treatment-related variables

Stage of disease at diagnosis .06

I-II 73 26 157 32

III-IV 213 74 336 68

Unknown 0 — 2 —

Type of chemotherapy received in primary treatment .5

None 21 7 27 5

Neoadjuvant 95 33 159 32

Adjuvant 170 59 309 62

Complete response to primary treatmenth 1.0

Yes 250 88 435 88

aOPAL ¼ Ovarian Cancer Prognosis and Lifestyle.
bData collected from 2012 to 2015.
cP values in bold are statistically significant.
dIncludes anxiety and depression.
eMET ¼ metabolic equivalents of task.
fWCRF ¼ World Cancer Research Fund.
gIncludes naturopathy, homeopathy, and acupuncture.
hCompleted primary treatment and had no evidence of disease recurrence/progression at the end of primary treatment.
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Table 3. Categories of codes identified in a content analysis of responses to an open-ended question about dietary practices in
the OPALa Study conducted in Australia, reported by participants’ disease recurrence and treatment status when responding to
the open-ended questionb

Section
Category of codes
Individual codesc

No recurrence,
no treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence,
no treatment
(n [ 55)

 ������������
n (%)

������������!
Dietary practices

2.1 Specific dietary practices
Alkaline diet, avoiding processed foods or sugar, blood type
diet, free range, gerson therapy, gluten or wheat free, high
energy/protein, intermittent fasting, juicing, lactose- or
dairy-free, low carbohydrate, low fiber, low fructose, organic,
plant-based, weight management program

77 (37) 15 (30) 22 (40)

2.2 Specific food or meal habits
Herbs and spices, sugar substitute, other food habit, meal habit

30 (14) 6 (12) 9 (16)

2.3 Overall approach to eating
Comment on diet, eating pattern, meals outsourced

41 (20) 10 (20) 15 (27)

2.4 Use of dietary supplements and CAMd

Complementary or alternative medicines, Micronutrient
supplements, oral nutrition supplements

22 (11) 10 (20) 9 (16)

Factors affecting dietary practices

2.5 Appetite
Cravings, normal or increased, poor or reduced

13 (6) 7 (14) 6 (11)

2.6 Ovarian cancer and its treatment
Acute effects of cancer treatment, late effects of cancer treatment,
presence of recurrent disease, life-limiting diagnosis

12 (6) 10 (20) 13 (24)

2.7 Other comorbidities
Bowel complications, mental health, other comorbidity

41 (20) 7 (14) 5 (9)

2.8 Environmental context
Family and social networks, location, season

24 (12) 2 (4) 5 (9)

2.9 Dietary advice and sources of information
Dietitian, doctor, naturopath, own reading, source not stated,
request for information

26 (13) 4 (8) 4 (7)

2.10 Personal beliefs about dietary intake and health
Cancer recurrence, immunity and inflammation, weight
management, wellbeing, no benefit from dietary intake

26 (13) 3 (6) 9 (16)

aOPAL ¼ Ovarian Cancer Prognosis and Lifestyle.
bParticipants responded in their own words to the open-ended question: “Is there anything we haven’t ask you about your diet in the last 1 to 2 months that you feel is important?” Data
collected from 2012 to 2015.
cTable 4 (available at www.jandonline.org) presents the frequencies and proportions of individual codes in each category by disease recurrence and treatment status, as well as an
explanation and example quote for each individual code.
dCAM ¼ complementary and alternative medicine.

RESEARCH
herbal extracts (eg, spirulina, wheatgrass, and maqui) was
mentioned frequently by women who also reported juicing
fruits and vegetables. These participants commonly linked
their use of alternative therapies and juicing to a perceived
health benefit.
The use of oral nutrition supplements to support energy

and protein intake (eg, Sustagen, Ensure, and Fortijuce) was
September 2022 Volume 122 Number 9 JO
mostly mentioned by women undergoing further treatment
for cancer recurrence (3.9). Comments about oral nutrition
supplement use were often linked to managing poor appetite.
A range of micronutrient supplements were mentioned

across treatment and recurrence groups (3.10). Participants’
comments regarding use of vitamin or mineral supplements
often referred to their source of information.
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Category of code Section Individual code Quotes from participant responses

Specific food or
meal habits

3.1 Herbs and spices “Add 1 tsp turmeric powder into rice and cook.” (no. 261, no
recurrence, no treatment)

“I consume a good amount of fresh herbs mainly dill, parsley,
coriander and basil in salads cooking and sandwiches. Am a
great fan of freshly ground black pepper and cinnamon.” (no.
252, no recurrence, no treatment)

“Garnish such as parsley, celery, chives, garlic chives, thyme etc.
from my garden.” (no. 135, no recurrence, no treatment)

“Fresh ginger and fresh turmeric with food.” (no. 113, recurrence,
treatment)

3.2 Sugar substitute “I use Splenda instead of sugar.” (no. 100, no recurrence, no
treatment)

“I use Equal for coffee e 2 sachets morning; 2 sachets noon.” (no.
24, no recurrence, no treatment)

“Equal in coffee.” (no. 96, recurrence, no treatment)

3.3 Other food habit “I also eat greens - spinach leaves - at every meal.” (no. 258, no
recurrence, no treatment)

“I use a lot of green leafy vegetables in my cooking.” (no. 261, no
recurrence, no treatment)

“Green and red foods especially I include berries and fruit and
seeds like flax.” (no. 22, recurrence, no treatment)

“I eat mostly salads, drink tonic water with lemon.” (no. 70,
recurrence, treatment)

“Warm honey lemon tea, every morning before meals.” (no. 261,
no recurrence, no treatment)

“I drink ginger tea as well as green tea.” (no. 69, recurrence, no
treatment)

“Every recipe I make I try to use half recommended sugar.” (no.
285, no recurrence, no treatment)

“If I cook anything with flour I use wholemeal plain or self-rising
flour.” (no. 54, recurrence, no treatment)

“Flaxseed oil always choice of spread.” (no. 89, recurrence, no
treatment)

“I use macadamia and avocado oil for salad dressing and
sometimes pumpkin seed oil.” (no. 107, recurrence, no
treatment)

3.4 Meal habit “If I can’t face a meal, I eat Cruskits [crispbreads] with cheese,
tomato, kabana [sausage], pickled onion on it. I have this nearly
every night for tea [dinner].” (no. 224, no recurrence, no
treatment)

“At lunch eat salads most days, which contain cos lettuce or
mixed leaves, capsicum, tomato, Lebanese cucumber, celery,
radish together with cheese and small tin red salmon or
smoked salmon.” (no. 25, no recurrence, no treatment)

“I eat rice milk with berry mix every morning with breakfast.” (no.
57, no recurrence, no treatment)

(continued on next page)

Figure 2. Sample of participant quotes regarding dietary practices after primary treatment for ovarian cancer collated from re-
sponses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis and Lifestyle) Study conducted
in Australia. Participants responded in their own words to the open-ended question: “Is there anything we haven’t ask you about
your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to 2015
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Category of code Section Individual code Quotes from participant responses

“Have 2 poached eggs for breakfast with spinach, fried or wilted
in butter about 4-5 times a week. Other days, homemade
muesli with Greek yoghurt.” (no. 244, No recurrence, No
treatment)

“I normally eat hummus approx. 4-5 times per week on rice
crackers for lunch.” (no. 281, recurrence, no treatment)

Overall approach to
eating

3.5 Eating pattern “Basically, eat muesli for breakfast, sandwich for lunch, meat and
three veg[etables] for dinner, a lot of tea/coffee, and at least 2
pieces of fruit.” (no. 71, no recurrence, no treatment)

“I cook all my food at home from scratch (ie, no packet or bottled
or frozen prepared food). I use fresh (sometimes home grown)
vegetables when available to make soup. I prepare a fruit salad
using seasonal fruit each day.” (no. 18, recurrence, no
treatment)

“Try to eat a diet based on fruit/vegetables/fish/eggs and
wholemeal bread with occasional sweet treat. Drink lots of
water, herbal teas, green tea, coffee.” (no. 125, no recurrence,
no treatment)

“The portions I eat are always small . . . I rarely cook meals . . . I
stock up on tinned foods when on special e baked beans,
soups, spaghetti, stews. I also like cereals at other meal times
and sometimes Sustagen when not hungry.” (no. 262, no
recurrence, no treatment)

3.6 Comment on diet “Essentially eat good food just eat large amounts, am trying to cut
back but finding it hard.” (no. 273, no recurrence, no treatment)

“Have been eating well. Need more meat, protein, dairy. Need to
vary my diet. Need to drink more water, eat more veg[etables].”
(no. 236, recurrence, treatment)

“My diet has improved in the last couple of months, I feel more
like cooking for myself.” (no. 271, no recurrence, no treatment)

“I eat too much dairy milk chocolate.” (no. 120, no recurrence, no
treatment)

“After completing this I have realized my diet hasn’t been as good
as I have liked it to be . . . I will be making a conscious effort to
improve my diet over the next few weeks.” (no. 283, recurrence,
treatment)

3.7 Meals outsourced “Because I can’t stand long enough to cook, I eat many frozen or
prepared meals.” (no. 270, recurrence, no treatment).

“I’ve felt too tired to cook most times so I now buy Karma’s
Kitchen frozen meals. They seem fairly well balanced but may
not have as many veg[etables] as I used when cooking myself.”
(no. 123, recurrence, no treatment)

“I have had Lite n’ Easy meals now for over a year. Less hassle with
the chemo.” (no. 179, recurrence, no treatment)

“All my meals are bought in by Meals on Wheels.” (no. 52, no
recurrence, no treatment)

(continued on next page)

Figure 2. (continued) Sample of participant quotes regarding dietary practices after primary treatment for ovarian cancer collated
from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis and Lifestyle) Study
conducted in Australia. Participants responded in their own words to the open-ended question: “Is there anything we haven’t
ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to 2015
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Category of code Section Individual code Quotes from participant responses

Use of dietary
supplements and
complementary
and alternative
medicine

3.8 Complementary or
alternative
medicines

“N-zymes; essiac tea capsules; Tru-Pine bark extract; Herbalife
Xtra-Cal; probiotic.” (no. 187, recurrence, treatment)

“Immune ingredients: gabinge, camu camu, baobab, acerola, noni,
ginger, rosehip, Echinacea and turmeric.” (no. 110, recurrence,
no treatment)

“EnduraCell Plus capsules; Cellfood e 6 drops twice a day; organic
turmeric capsules.” (no. 156, no recurrence, no treatment)

“I also take 1 mL selenium drink in 100/200 mL water each
morning as well as the turmeric drink I mentioned inside.” (no.
216, recurrence, no treatment)

“In morning I have kale, broccoli, Brussel sprout, turmeric powder,
magnesium powder, lemon, and ginger as a drink made fresh.”
(no. 206, recurrence, no treatment)

“Have 2-3 glasses of fresh vegetable juice each day (kale, spinach,
celery, carrot, beetroot, apple, orange, lime, ginger). This plus
herbal and mineral supplements have reduced my joint
tingling, fatigue and generally improved my feeling of
wellbeing.” (no. 272, no recurrence, no treatment)

“Homemade fresh juice e I make one of these each day and add
supergreens powder or maqui [Chilean wineberry]. More green
juices than fruit juices e has helped me detox since chemo.”
(no. 143, no recurrence, no treatment)

3.9 Oral nutrition
supplements

“Naturopath has given me BioPure undenatured whey protein
powder, which I put in a smoothie with fruit.” (no. 101,
recurrence, treatment)

“Find Sustagen Dutch chocolate in skim milk good.” (no. 109, no
recurrence, no treatment)

“I have 2 bottles of Nutricia Fortijuce daily and Sustagen on
occasion.” (no. 169, recurrence, treatment)

“Taking various supplements including Sustagen and Ensure
varieties with the view of adding one of these to my diet.” (no.
104, recurrence, treatment)

3.10 Micronutrient
supplements

“Caltrate with Vit[amin] D, magnesium, zinc, copper, manganese.”
(no. 219, recurrence, treatment)

“1 Vit[amin] D tablet per month as prescribed by GP [General
Practitioner].” (no. 75, no recurrence, no treatment)

“I stopped taking Vit[amin] D supplement during summer months
- will recommence next week.” (no. 128, no recurrence, no
treatment)

“Fish oil use different brands, whichever is cheapest but at 1000
mg.” (no. 145, no recurrence, no treatment)

“It’s not part of my diet but I have monthly B12 injections for
neuropathy.” (no. 204, no recurrence, no treatment)

“The onc[ologist] has had me taking 4 mag-sup a day for many
months.” (no. 268, no recurrence, no treatment)

Figure 2. (continued) Sample of participant quotes regarding dietary practices after primary treatment for ovarian cancer collated
from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis and Lifestyle) Study
conducted in Australia. Participants responded in their own words to the open-ended question: “Is there anything we haven’t ask
you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to 2015
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Category of code Section Individual code Quotes from participant responses

Appetite 4.1 Poor or reduced “Appetite is diminished.” (no. 101, recurrence, treatment)
“Appetite poor for last 2 months, regular vomiting.” (no. 104,
recurrence, treatment)

“With my loss of appetite, I eat less meat and more chicken/fish,
soups.” (no. 105, recurrence, no treatment)

“Finding it hard to be enthusiastic about food at all if I have to
decide what to cook and/or cook it. Feel better about food later in
the day (evening) but can skip food till lunch altogether.” (no. 109,
no recurrence, no treatment)

“Over the past few months my appetite has been lacking. I really
have to force myself to eat.” (no. 181, recurrence, no treatment)

“I have tried eating different things with minimal success, I am now
eating minimal toast/soup/crackers.” (no. 203, recurrence, no
treatment)

4.2 Normal or
increased

“I have a normal appetite no problem eating.” (no. 39, no recurrence,
no treatment)

“I always have been a big eater before the op[eration] and after I see
food and eat it e big meals.” (no. 166, no recurrence, no
treatment)

“I over eat as I often have a gnawing feeling in stomach and eat to
get rid of this.” (no. 220, no recurrence, no treatment)

4.3 Cravings “During this time of completing these forms I have an increased
appetite for carbs - chocolate, milk, cereals, bread.” (no. 120,
recurrence, no treatment)

“Just that my sweets intake is insatiable.” (no. 148, no recurrence, no
treatment)

“I have been feeling tired and find it easy to want to eat sweets,
chocolate and lollies (hard jellies).” (no. 263, no recurrence, no
treatment)

“Actually crave chocolate and that’s new over the past few months.”
(no. 5, no recurrence, no treatment)

“I eat salmon when I get sugar cravings.” (no. 39, no recurrence, no
treatment)

Ovarian cancer and
its treatment

4.4 Acute effects of
cancer
treatment

“Chemo etc. makes a big difference to what I eat. I go off meat,
coffee, it is like being pregnant.” (no. 13, recurrence, treatment)

“Lost my taste for veg[etables] over several months.” (no. 197,
recurrence, treatment)

“I have just completed 2 rounds of chemo so my taste and appetite
are not normal at the moment.” (no. 283, recurrence, treatment)

“After a big chemo (beginning of a cycle) my appetite is very
diminished for at least 3-4 days so my diet consists of dry biscuits
and fruit.” (no. 126, recurrence, treatment)

“Due to chemo I am a little off my food and don’t enjoy food that I
used to love.” (no. 40, recurrence, treatment)

(continued on next page)

Figure 3. Sample of participant quotes regarding the factors affecting dietary practices after primary treatment for ovarian cancer
collated from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis and Lifestyle)
Study conducted in Australia. Participants responded in their own words to the open-ended question: “Is there anything we haven’t
ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to 2015. CA125 ¼ cancer
antigen 125; PEG ¼ percutaneous endoscopic gastrostomy; TPN ¼ total parenteral nutrition
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“Now I am on chemo I am eating like a sparrow. Can’t keep it down
have to eat very small amounts thru out the day.” (no. 106,
recurrence, treatment)

“My dietary intake has changed over past 2 months due to high
levels of nausea . . . now eating smaller meals.” (no. 117,
recurrence, treatment)

“My diet has improved since ceasing chemo.” (no. 8, recurrence, no
treatment)

4.5 Late effects of
cancer
treatment

“Treatment affected food enjoyment / taste.” (no. 238, no recurrence,
no treatment)

“Since chemo ended, seem to have little taste so tend towards more
tasty, less bland food. Have had recurring mouth ulcers . . . they are
painful enough to make eating difficult.” (no. 45, no recurrence, no
treatment)

“I have limited taste since my chemo finished.” (no. 257, recurrence,
no treatment)

“I have had bad mouth ulcers from my immunotherapy treatment.
This has restricted my ability to eat a regular diet.” (no. 123,
recurrence, no treatment)

“After chemo and radiation, appetite was so poor and tummy feels
full.” (no. 129, recurrence, no treatment)

4.6 Presence of
recurrent
disease

“Have lost my appetite due to pain and a tumor resting against my
stomach.” (no. 190, recurrence, no treatment)

“The ovarian cancer has returned (markers CA125 climbing). During
this time of completing these forms I have an increased appetite
for carbs . . . as this is the second time of recurrence I have been
able to notice the pattern of my appetite.” (no. 120, recurrence, no
treatment)

“Have altered my diet since recurrence in my bowels. Servings are
quite small, try to include foods with soluble fiber.” (no. 137,
recurrence, treatment)

4.7 Life-limiting
diagnosis

“Under palliative care with a venting PEG.” (no. 132, recurrence, no
treatment)

“Ovarian cancer has returned - terminal but still feel terrific at the
moment. Am trying to eat berries, nuts every day, fresh food, fresh
veg[etables], nothing processed or with chemicals added. Also
taking 50-80 mL flax oil a day plus vitamin E . . . will try anything.”
(no. 222, recurrence, no treatment)

Other comorbidities 4.8 Bowel
complications

“I’ve had 2 lots of bowel surgery in the last 4 months . . . following
both surgeries, I have been on a low fiber diet so I am not eating
what I would normally eat.” (no. 51, no recurrence, no treatment)

“Due to having had a bowel obstruction last year it was suggested to
me to have a low fiber diet which I mostly do but as it is quite
boring and tasteless I still do eat greens but am careful how much
I eat.” (no. 17, recurrence, no treatment)

(continued on next page)

Figure 3. (continued) Sample of participant quotes regarding the factors affecting dietary practices after primary treatment for
ovarian cancer collated from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis
and Lifestyle) Study conducted in Australia. Participants responded in their own words to the open-ended question: “Is there
anything we haven’t ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to
2015. CA125 ¼ cancer antigen 125; PEG ¼ percutaneous endoscopic gastrostomy; TPN ¼ total parenteral nutrition
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“I have been told to concentrate on having a low fiber diet owing to
experiencing some rather nasty bowel obstructions.” (no. 75, no
recurrence, no treatment)

“I have had 2 small bowel obstructions. I am restricted from eating
many fruits and some vegetables.” (no. 169, recurrence, treatment)

“Has to be careful with what she eats because of colostomy. Finds
several meals better than 3 large meals.” (no. 223, no recurrence,
no treatment)

“More smaller meals per days were beneficial as I had some of my
bowel removed.” (no. 35, no recurrence, no treatment)

“With permanent ileostomy, have some dietary restrictions—cannot
eat any type of dried fruits/dried coconut etc.—cannot eat fibrous
raw foods like fruit skins, celery, corn etc.” (no. 226, recurrence, no
treatment)

“Suffer from short bowel syndrome and have home TPN 5 nights per
week for nutrition and hydration. Food taken by mouth is limited
to that which does not cause problems with the stoma.” (no. 47,
no recurrence, no treatment)

4.9 Mental health “I suffer anxiety and have not been inclined to cook like I used to.”
(no. 16, no recurrence, no treatment)

“I have been very depressed and not hungry over the last month
since Christmas. My diet consists of 2-3 toasted ham sandwiches
per week, dried biscuits sometimes with hummus, 1 liter coffee
flavored milk per day, half of 1 packet Pringles [crisps] per day.
Very little fruit.” (no. 99, no recurrence, no treatment)

“Tend to eat more sweet biscuits or chocolate when I feel down. I am
an emotional or comfort food eater.” (no. 128, no recurrence, no
treatment)

4.10 Other
comorbidity

“Was born celiac, only eat gluten free.” (no. 28, recurrence, no
treatment)

“I am celiac and have followed a strict gluten free diet for more than
30 years.” (no. 37, no recurrence, no treatment)

“Diagnosed with diverticulitis following colonoscopy, try to eat more
fiber but feel bloated, have a lot of indigestion and reflux.” (no.
191, no recurrence, no treatment)

“I suffer IBS [irritable bowel syndrome] and try to keep to the
FODMAP [fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols] diet. I never eat onions and restrict
my food intake which normally causes bloating.” (no. 256, No
treatment, No recurrence)

“Cholesterol is high, am trying to lower it.” (no. 183, no recurrence,
no treatment).

“Cholesterol level is a bit high, prefer to manage this using less
butter.” (no. 18, no recurrence, no treatment)

(continued on next page)

Figure 3. (continued) Sample of participant quotes regarding the factors affecting dietary practices after primary treatment for
ovarian cancer collated from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis
and Lifestyle) Study conducted in Australia. Participants responded in their own words to the open-ended question: “Is there
anything we haven’t ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to
2015. CA125 ¼ cancer antigen 125; PEG ¼ percutaneous endoscopic gastrostomy; TPN ¼ total parenteral nutrition
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Environmental
context

4.11 Location “Spent 2 weeks on overseas holiday—which explains the alcohol
increase—I would not usually drink beer or such a high number of
spirits.” (no. 93, no recurrence, no treatment)

“I had a totally different diet in October being poor in Turkey—soup
and tea with sugar, plus chocolate.” (no. 99, no recurrence, no
treatment).

“Have been on holidays during the past 2 months, travelled through
Pakistan, China & Mongolia where food choices have been limited.
Rice, vegetables and lentils, sauces, tomato-based sauces, lots of
cabbage, buckwheat.” (no. 57, no recurrence, no treatment)

“Have been away on holidays for 3 weeks during this time and ate
more than at home, put on some weight.” (no. 168, no recurrence,
no treatment)

“I will be retiring on 20 March so my diet will change. I tend to eat
more at work than I do at home.” (no. 66, no recurrence, no
treatment)

“In the last month I was in hospital for 4 days requiring IV
antibiotics—my diet was somewhat erratic.” (no. 126, recurrence,
treatment)

4.12 Social networks
and family

“Currently I cook for both my husband and mother (89 years) so my
diet isn’t exactly as I would like.” (no. 42, no recurrence, no
treatment)

“I am moving to an (almost) vegetarian diet. This is mainly because
my son has become a strict vegetarian and I’m the cook in the
house.” (no. 91, recurrence, no treatment)

“If I have to eat meat (dining with friends), as little as possible.” (no.
231, recurrence, no treatment)

“I tend to eat these meats only when eating out.” (no. 228, no
recurrence, no treatment)

4.13 Season “I also now make my own juices with fruit and veg[etables] all mixed
in a juicer about 2-3 times a week—more often when the weather
is warmer.” (no. 84, no recurrence, no treatment)

“My diet usually consists of raw food but I have been cooking my
main meal and breakfast now that we have colder weather:
porridge, bean dishes, veg[etable] bakes, biscuits, fruit crumble
and custards.” (no. 263, no recurrence, no treatment)

“Have an orchard and large veg[etable] garden and so eat what is in
season.” (no. 43, no recurrence, no treatment)

“It is winter! So a lot of the fresh fruits (local grown) we enjoy in the
summer—stone fruits—are not available.” (no. 259, no recurrence,
no treatment)

“Over the past 1-2 months included Christmas so you eat and drink
more than usual and have foods you usually don’t eat on a regular
basis.” (no. 146, no recurrence, no treatment)

(continued on next page)

Figure 3. (continued) Sample of participant quotes regarding the factors affecting dietary practices after primary treatment for
ovarian cancer collated from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis
and Lifestyle) Study conducted in Australia. Participants responded in their own words to the open-ended question: “Is there
anything we haven’t ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to
2015. CA125 ¼ cancer antigen 125; PEG ¼ percutaneous endoscopic gastrostomy; TPN ¼ total parenteral nutrition
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Dietary advice and
sources of
information

4.14 Doctor “Have had bouts of diverticulitis—doctor advised against nuts and
seeds.” (no. 140, no recurrence, no treatment)

“Recently started taking (last 3 months) Vit[amin] B complex, folic
acid as suggested by oncologist for peripheral neuropathy in feet.”
(no. 242, no recurrence, no treatment)

“I have made changes to my diet following advice from a
urogynecologist. After diagnosis of interstitial cystitis, she
suggested avoiding caffeine, artificial sweeteners, and citrus
drinks.” (no. 195, no recurrence, no treatment)

4.15 Dietitian “I have had major surgery on my bowel. Therefore, I lost a lot of
weight. My dietitian has put me on a full fat diet to put on weight.”
(no. 23, recurrence, treatment)

“I was given a healthy eating plan. More like what I should eat to
boost up energy. This was at the hospital with the dietitian, but
wasn’t really monitored. Just helpful hints.” (no. 34, no recurrence,
no treatment)

“Have lost 9kgs, dietitian put me on supplement called Ensure.” (no.
105, recurrence, no treatment)

4.16 Naturopath “Am not taking any over the counter vitamins or minerals, just
having what my naturopath is giving me.” (no. 2, recurrence, no
treatment)

“I also take a herbal mixture twice a day made up by the
naturopath.” (no. 54, recurrence, treatment)

“Went to herbalist naturopath who recommended I favor cooked
foods including rice and vegetables and ayurvedic liver tonic.” (no.
136, no recurrence, no treatment)

“Seeing naturopath—diet changes for 3 months—no dairy—
almond/rice milk, no fruit, increase veg[etables].” (no. 85, no
recurrence, no treatment)

4.17 Own reading “I understand the ramifications of this cancer but I find it puzzling
that I had to get most of my information from the internet and
television and not the medical profession.” (no. 198, no recurrence,
no treatment)

“Research indicates that sugar feeds cancer cells. Am off sugar, only
some natural sugar from fruit. Am trying to get my body from acid
to alkaline. From what I’ve read, cancer cells cannot survive in an
alkaline body tissue when the alkalinity is 8pts or higher.” (no. 275,
no recurrence, no treatment)

“Following diet recommendations from ‘Foods that fight cancer.’
Have only just commenced taking supplements after doing
extensive research.” (no. 193, no recurrence, no treatment)

“I have read the China Study book.” (no. 165, no recurrence, no
treatment)

(continued on next page)

Figure 3. (continued) Sample of participant quotes regarding the factors affecting dietary practices after primary treatment for
ovarian cancer collated from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis
and Lifestyle) Study conducted in Australia. Participants responded in their own words to the open-ended question: “Is there
anything we haven’t ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to
2015. CA125 ¼ cancer antigen 125; PEG ¼ percutaneous endoscopic gastrostomy; TPN ¼ total parenteral nutrition
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“Raw camel milk has medicinal properties and would be my choice, if
available and reasonably priced. Research needs to be carried out
on camel milk as this is gaining recognition in Europe and America
for medicinal purposes. Nora Gedgaudos talks about nutrition and
studies undertaken to heal the body.” (no. 199, no recurrence, no
treatment)

“Have not yet started juicing fruit & vegetables, as recommended by
many authors on post cancer management.” (no. 144, no
recurrence, no treatment)

4.18 Request for
information

“I would value suggestions re[garding] diet to increase vitality and
minimize inflammation and weight.” (no. 74, no recurrence, no
treatment)

“If people are juicing and what they put into their juices.” (no. 194,
no recurrence, no treatment)

“Should I be eating soy products? I don’t usually.” (no. 125, no
recurrence, no treatment)

“Can you send me a diet? I know I am not eating very healthily as I
should be.” (no. 72, no recurrence, no treatment)

Personal beliefs
about dietary
intake and health

4.19 Wellbeing “Tried turmeric to try minimize inflammation.” (no. 74, no recurrence,
no treatment)

“Started to take turmeric, ginger in half glass of milk daily for arthritic
condition. Occasionally eat seaweed (dried).” (no. 146, no
recurrence, no treatment)

“I’ve just started taking cacao powder for memory improvement in
the last week.” (no. 204, no recurrence, no treatment)

“Drink 250 mL of cranberry juice to assist with bladder irritation.” (no.
83, recurrence, no treatment)

“Organic meat and veg[etables] —processed foods in particular
affects the immune system.” (no. 76, no recurrence, no treatment)

4.20 Weight
management

“I have just commenced a low carb, no sugar, no dairy diet due to
excessive weight gain.” (no. 282, no recurrence, no treatment)

“I have tried to minimize carbs etc. to lose weight.” (no. 74, no
recurrence, no treatment)

“In December, normal diet when weight went up to 70 kilos over
Christmas. Now Jan/Feb cut out carbs and sugar—lost 5 kilos.” (no.
99, no recurrence, no treatment)

“Noticed I had put on 5 kg, I suppose from the Christmas/New Year
time. Have now started exercise class and watching nibbles and
portion size.” (no. 276, no recurrence, no treatment)

“On a full fat diet to put on weight.” (no. 23, recurrence, treatment)
“Happy to eat foods which are appealing and concern over fat/sugar
content not so important.” (no. 117, recurrence, treatment)

4.21 Cancer
recurrence

“I was following a gluten free diet by choice but realized I was eating
foods with hidden sugars. My last blood test revealed a jump in
my tumor marker from 50 at the end of Feb to 177 at the end of
May. I have changed my diet as a result, taking in more fresh, raw
fruits and vegetables and cutting out hidden sugars and trying to

(continued on next page)

Figure 3. (continued) Sample of participant quotes regarding the factors affecting dietary practices after primary treatment for
ovarian cancer collated from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis
and Lifestyle) Study conducted in Australia. Participants responded in their own words to the open-ended question: “Is there
anything we haven’t ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to
2015. CA125 ¼ cancer antigen 125; PEG ¼ percutaneous endoscopic gastrostomy; TPN ¼ total parenteral nutrition
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limit my intake of meats and dairy and processed foods. Hopefully
with better results come end of July (my next blood test).” (no. 89,
recurrence, no treatment)

“Using a Nutri-bullet, make a drink each day using rice milk or water,
adding any fruit, nuts, carrots, bananas, berries, spirulina etc.
Today CA125 blood test is now 6.” (no. 202, no recurrence, no
treatment)

4.22 No benefit “Never believe the food or what we do causes cancer, the most
important is the gene family.” (no. 68, no recurrence, no
treatment)

“I have totally given up on a diet—I eat what I want, why deny
myself. I am going to die so I eat and enjoy whatever takes my
fancy.” (no. 157, recurrence, no treatment)

Figure 3. (continued) Sample of participant quotes regarding the factors affecting dietary practices after primary treatment for
ovarian cancer collated from responses to an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis
and Lifestyle) Study conducted in Australia. Participants responded in their own words to the open-ended question: “Is there
anything we haven’t ask you about your diet in the last 1 to 2 months that you feel is important?” Data collected from 2012 to 2015.
CA125 ¼ cancer antigen 125; PEG ¼ percutaneous endoscopic gastrostomy; TPN ¼ total parenteral nutrition
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Factors Affecting Dietary Practices After Primary
Treatment for Ovarian Cancer
Appetite. Of the women who commented on their appetite,
most described it as poor or less than normal, particularly
those undergoing further treatment (4.1) (see also Table 4;
available at www.jandonline.org). Few women reported a
normal or increased appetite, and this comment was only
made by women without recurrent disease (4.2). Participants
reporting specific food cravings all indicated that they had an
increased appetite for carbohydrate-rich foods (4.3).
Impact of Ovarian Cancer and its Treatment on Dietary
Practices. Participants undergoing further treatment for
disease recurrence often reported altered taste, poor appetite,
and difficulty eating due to mouth ulcers, which affected
their overall eating pattern (4.4). Some participants not un-
dergoing further treatment indicated that the effects of pre-
vious cancer treatment on taste, appetite, and eating ability
were ongoing and continued to impact dietary intake post-
treatment (4.5). A few with cancer recurrence indicated the
presence of the tumor affected their appetite (4.6). For some,
a life-limiting diagnosis influenced dietary practices (4.7).
Impact of Other Comorbidities on Dietary Practices.
Several participants commented on a medical condition
other than ovarian cancer that was affecting their dietary
practices. Those undergoing further treatment for cancer
recurrence most commonly reported following a low-fiber
diet to reduce risk of bowel obstructions, or smaller
portion sizes to manage stoma output (4.8). Some partici-
pants without cancer recurrence indicated their dietary
practices were affected by their mental health; in general,
comments about anxiety and depression were linked to
poorer diet quality (4.9). Other comorbidities reported to
impact dietary practices, typically through food restrictions,
September 2022 Volume 122 Number 9 JO
included celiac disease, diverticulitis, and high cholesterol
(4.10).

Influence of Environment on Dietary Practices. Some
participants, particularly those without disease recurrence,
commented that theirdietarypracticeswere influencedby their
physical location (eg, hospital stay or overseas holiday) (4.11),
family and friends (eg, shared household meals or dining out)
(4.12), and season (eg, Christmas or cold weather) (4.13).

Dietary Advice and Sources of Information. Across all
groups, participants commented on nutrition advice received
or sought and sources of this information (Figure 5; available
at www.jandonline.org). Several participants not undergoing
further treatment reported receiving nutrition advice from
doctors, typically to manage other comorbidities and treat-
ment adverse effects (4.14). Some participants reported dietary
information from a dietitian, commonly within the clinical
setting, to manage poor appetite or unintentional weight loss
(4.15). Others were seeing a naturopath for dietary guidance,
particularly those undergoing further treatment for recurrence
(4.16). Comments regarding dietary information from naturo-
paths commonly referenced alternative therapies and specific
guidelines for eating (ie, a list of foods to avoid or include).
Other participants, all without disease recurrence and not

undergoing further treatment, described their own searches
for dietary information from the internet, books, and media
(4.17). However, as 1 participant identified, this was not
necessarily their preferred source of dietary information: “I
understand the ramifications of this cancer but I find it
puzzling that I had to get most of my information from the
internet and television and not the medical profession.” In
some cases, seeking dietary information oneself led to
misinformation about dietedisease relationships (4.17). Some
participants requested further information on healthy eating
or had specific questions about dietary practices (4.18).
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Figure 4. Specific dietary practices after primary treatment for ovarian cancer identified in a content analysis of responses to an
open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis and Lifestyle) Study conducted in Australia,
reported by participants’ disease recurrence and treatment status when responding to the open-ended question. Participants
responded in their own words to the open-ended question: “Is there anything we haven’t ask you about your diet in the last 1 to 2
months that you feel is important?” Data collected from 2012 to 2015. Dietary practices are reported according to participants’
disease recurrence and treatment status at the time of completing the questionnaire. If a participant reported the same dietary
practice on more than 1 questionnaire, they are only counted once in Figure 4, unless their recurrence and treatment status
changed between follow-up questionnaires.

RESEARCH
Personal Beliefs About Dietary Intake and Health. Some
participants reported dietary practices that they were
currently following, or dietary changes they had introduced,
in view of a specific health benefit (perceived or actual). Most
commonly, participants not undergoing further treatment
reported consuming a specific food to improve wellbeing (eg,
turmeric to minimize inflammation) (4.19). Some participants
described dietary practices for weight management; those
not undergoing further treatment reported restricting food
intake for weight loss, whereas those undergoing further
treatment reported dietary strategies for weight gain (4.20).
1624 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
Others described dietary practices they were following in the
hope of reducing their serum levels of cancer antigen 125, a
biomarker commonly used to monitor for disease recurrence
(4.21). Two participants commented that they did not believe
dietary intake could benefit health outcomes after treatment
for ovarian cancer (4.22).

DISCUSSION
This content analysis is the first to report on dietary practices
after primary treatment for ovarian cancer, including the ef-
fects of disease recurrence and further treatment on these
September 2022 Volume 122 Number 9
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practices. Our findings indicate that many women follow
specific dietary practices that may not be captured in FFQs.
Thus, to optimize the reliability of the dietary intake data
collected, FFQs used in cancer settings could incorporate a list
of specific dietary practices as an additional question. On the
basis of our study, we recommend including the following:
alkaline diet, gluten- or wheat-free, high energy/protein,
juicing fruits and vegetables, low carbohydrate, low fiber,
organic foods, plant-based, and avoiding processed foods or
sugar. Although our study was conducted among women
affected by ovarian cancer, a report from North America in-
dicates that low-carbohydrate, alkaline, and vegan diets are
common among the broader cancer survivor population.39

Thus, findings from the current study may be applicable to
cancer survivors more generally.
Including a list of dietary practices commonly reported

after cancer treatment could help contextualize the dietary
intake data collected by FFQs in cancer settings. For example,
low-fiber and high-energy/protein diets may score poorly
when assessed against diet quality indices prioritizing con-
sumption of fruit, vegetables, and whole grains, with limited
intakes of meats and high-fat dairy products.32,40,41 However,
for those adhering to low-fiber or high-energy/protein diets,
their lower diet quality score may not be indicative of poor
diet quality if their dietary practices are to manage a clinical
condition, such as reducing the risk of bowel obstructions or
nutritional deficits. This is particularly relevant to studies
among women with ovarian cancer, for whom disease
recurrence and further treatment are common.16,18 For these
people, following dietary recommendations to manage their
clinical condition may be a higher priority than adhering to
diet quality recommendations for general health and
wellbeing.42

Poor appetite and taste alterations have been associated
with reduced food intake among people with cancer.43 In our
study, women with disease recurrence often reported poor
appetite, and those undergoing further treatment also re-
ported treatment-induced taste sensitivities. This is consis-
tent with a large multicenter study of people receiving active
cancer treatment, in which 40% reported reduced appetite
and 67% reported changes in taste or smell since
commencing treatment.44 In our study, women reporting
these treatment adverse effects also reported reduced food
intake and use of oral nutrition supplements to support en-
ergy and protein intake. Although FFQs typically include
general questions regarding dietary supplement use, if using
an FFQ in cancer settings, we recommend including a specific
question about use of energy/protein supplements (eg, Sus-
tagen, Ensure, and Fortijuce) to ensure this information is
captured.
Women with no disease recurrence sometimes indicated

that late effects of cancer treatment still affected dietary
intake and food enjoyment, mostly through lingering taste
alterations. Previous studies indicate that taste changes can
remain for several months post chemotherapy and up to 1
year post radiation.45 Therefore, some women may require
ongoing dietary support if the late effects of treatment result
in food intake being inadequate to meet requirements.42

However, for most women without recurrence, dietary
practices were influenced by their other comorbidities, such
as a strict gluten-free diet for celiac disease or the need to
monitor fiber intake due to diverticulitis. For some women,
September 2022 Volume 122 Number 9 JO
anxiety and depression affected their appetite, leading to
under- or overeating. Overall, the effect of other comorbid-
ities on dietary practices highlights the importance of
multidisciplinary care post cancer treatment.46

Several women reported that dietary practices were
influenced by their sociophysical environment, including
family and friends. In a previous study assessing the health
and lifestyle behaviors of people caring for someone with
ovarian cancer, the majority of caregivers were overweight or
obese, and many did not meet recommendations for fruit or
vegetable intake.47 In light of these findings, our study pro-
vides further support for including caregivers in initiatives to
promote healthy lifestyle behaviors after cancer treatment.
Dietary practices also appeared to be influenced by nutrition

information sources and personal beliefs. Those who reported
advice from a dietitian were mostly women with disease
recurrence who received information to manage poor appetite
and unintentional weight loss. This is supported by a previous
analysis of this cohort,23 which identified that women with
progressive disease at follow-up were significantly more likely
to report seeing a dietitian in the previous 3 months, after
adjusting for socioeconomic, clinical, and personal factors. The
use of naturopaths for dietary information was most
commonly reported by women undergoing further treatment;
in a qualitative study of endometrial cancer survivors, CAM
practitioners were sought for assistance with symptom man-
agement and were perceived to provide a more personalized
approach than conventional health professionals.48

In our study, those who reported obtaining dietary informa-
tion from the internet, books, and media were all participants
whowere not undergoing further treatment, and thereforemay
have less contact with health care settings. In a recent scoping
review49 of adult cancer survivors’ needs, preferences, and ex-
periences accessing dietary information post treatment, health
care professionals were identified as the preferred source of
dietary information. However, unmet needs in health care set-
tings led to cancer survivors looking elsewhere, including on-
line.49 In our study, those who referenced dietary information
obtained from online and media sources often had misinfor-
mation, such as the belief that sugar promotes cancer cell
growth or that an alkaline diet inhibits tumor survival. Misin-
formationaboutdietedisease relationshipswasalsoreflected in
some participants’ beliefs about the health benefits of their di-
etary practices, such as juicing fruit and vegetables to reduce
their risk of cancer recurrence. Similar findings have been re-
portedamong long-termsurvivorsof ovarian cancer (more than
5 years post-diagnosis), who reported eliminating meat, dairy,
and sugar from their diet after doing their own research, and
believedthesedietarychangescontributed to their recoveryand
better-than-average survival.12

Overall, our findings suggest a need for improved access to
dietary information and support for women with ovarian
cancer. Although some aspects of “popular” diets align with
dietary recommendations for cancer survivors,8 such as a focus
on fruits and vegetables, there is limited evidence that these
popular diets improve survival or reduce the risk of recur-
rence.50 Furthermore, the use of multiple CAM items was re-
ported commonly in our study, particularly among women
with disease recurrence who were not undergoing further
treatment. However, there is limited evidence for the efficacy
of nutrition-related CAM, and these products may be harmful,
especially if used instead of conventional medical care.51 Use
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1625
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of CAM may also contribute unnecessarily to the financial
burden of a cancer diagnosis.51 The need for improved access
to dietary information and support is further supported by
participants in our study who used the open-ended question
to request additional information, such as whether to consume
soy products. Improved access to dietary information and
support could begin at earlier stages of ovarian cancer care (ie,
from diagnosis) so that women have access to appropriate
information and support into post-treatment phases.

Strengths and Limitations
Our study includes a much larger sample of women than
previous studies reporting on dietary practices after a diag-
nosis of ovarian cancer.4,11 We also examined participants’
comments about dietary practices by disease recurrence and
treatment status at the time of completing the questionnaire.
Furthermore, this study captured information about dietary
practices that women “feel is important,” but not addressed
in the FFQ. The use of an open-ended question to collect this
information enabled participants to respond in their own
words without any further prompts.52 Inter-rater agreement
was assessed as substantial through the independent appli-
cation of the coding frame by 2 researchers.
This study also has some limitations. First, our research

findings do not necessarily reflect the true prevalence of di-
etary practices after primary treatment for ovarian cancer.
Womenwho did not complete a questionnaire post-treatment
were less likely to have had a complete response to primary
treatment; it is possible that these women have different di-
etary practices than those included in this study, however,
these practices were not captured in this analysis. In addition,
the studyquestionnaire included specificquestions aboutCAM
use and dietary supplements, that will be reported separately;
therefore, comments in this article about CAM use and dietary
supplements are in addition to what was reported in those
other questions. Furthermore, 37% of eligible women respon-
ded to the open-ended question. Those who did leave a
comment were more likely to have tertiary education qualifi-
cations, live with a partner, and have used CAM before diag-
nosis. Thus, the data reported may not be representative of all
women who have completed primary treatment for ovarian
cancer. In addition, most participants were White and, there-
fore, research findings may not represent the dietary practices
of diverse groups of women affected by ovarian cancer.
It is also likely that participants who did respond to the

open-ended question may not have reported all of the dietary
practices in which they were currently engaging, or factors
affecting these practices. For example, due to time or space
constraints, participants may have responded to the open-
ended question with the “latest and greatest” rather than a
comprehensive account of their current practices. In addition,
unless included in the comment, it is not known when the
dietary practices were initiated, how long they have been
maintained, and whether the practices reported were being
followed for cultural or religious reasons.

CONCLUSIONS
Overall, our findings indicate that after primary treatment for
ovarian cancer, many women follow specific dietary practices
that cannot be captured routinely by FFQs. The efficacy of
FFQs in cancer settings could be improved through the
1626 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
inclusion of additional questions, such as a checklist of spe-
cific dietary practices and oral nutrition supplements. We
also identified that dietary practices likely change with the
onset of cancer recurrence and further treatment. Comments
from participants who obtained dietary information from
media and online sources often included misinformation.
There is a need to improve access to current dietary recom-
mendations for cancer survivors,8 and to continue developing
the evidence base for dietary practices and survival after
primary treatment for ovarian cancer.
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Figure 5. Sources of dietary information after primary treatment for ovarian cancer identified in a content analysis of responses to
an open-ended question about dietary practices in the OPAL (Ovarian Cancer Prognosis and Lifestyle) Study conducted in Australia,
reported by participants’ disease recurrence and treatment status when responding to the open-ended question. Participants
responded in their own words to the open-ended question: “Is there anything we haven’t ask you about your diet in the last 1 to 2
months that you feel is important?” Data collected from 2012 to 2015.
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Table 1. Baseline characteristics of the 958 Australian Women in the OPALa Study, comparing those who did and did not
complete at least one questionnaire after primary treatment for ovarian cancerb

Baseline characteristics

Completed at Least 1 Questionnaire
After Primary Treatment

P Valuec
Yes (n [ 781) No (n [ 177)

n % n %

Socioeconomic factors

Age at diagnosis .6

<65 y 489 63 107 60

�65 y 292 37 70 40

Education .1

High school or less 359 46 86 52

University or vocational training 421 54 78 48

Unknown 1 — 13 —

Ethnicity <.001

White 653 84 129 73

Asian 62 8 13 7

Other 66 8 35 20

Paid employment .1

Yes 441 57 84 50

Lives with a partner .3

Yes 536 69 109 64

State of treatment center .06

Queensland 269 34 56 32

New South Wales 223 29 37 21

Victoria 152 19 52 29

South Australia 17 2 3 2

Western Australia 72 9 19 11

Tasmania 48 6 10 6

Accessibility/Remoteness Index of Australia 2011 .3

Major cities 512 66 123 69

Regional/remote 269 34 54 31

Socioeconomic indexes for areas in Australia 2011 .5

Quintile 5 (highest) 117 15 26 15

Quintile 4 183 23 49 28

Quintile 3 172 22 34 19

Quintile 2 157 20 28 16

Quintile 1 (lowest) 152 19 40 23

Insurance type .2

Public 382 49 97 55

Private 399 51 80 45

Health and lifestyle prediagnosis

Self-rated health in the year before diagnosis .3

Excellent/very good 565 73 117 71
(continued on next page)
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Table 1. Baseline characteristics of the 958 Australian Women in the OPALa Study, comparing those who did and did not
complete at least one questionnaire after primary treatment for ovarian cancerb (continued)

Baseline characteristics

Completed at Least 1 Questionnaire
After Primary Treatment

P Valuec
Yes (n [ 781) No (n [ 177)

n % n %

Good 153 20 28 17

Fair/poor 61 8 19 12

Charlson Comorbidity Index 2011 prediagnosis .08

0 (no comorbidity) 623 80 132 76

1 (low comorbidity) 110 14 22 13

2þ (high comorbidity) 48 6 19 11

Personal history of cancer .05

Yes 28 4 12 7

Mental health condition before diagnosisd .7

Yes 196 25 41 24

Body mass index category 5 y prediagnosis .2

Normal or underweight 342 44 68 38

Overweight or obese 439 56 109 62

Physical activity level prediagnosis (METe h/wk) <.001

Highest tertile 226 36 29 21

Middle tertile 215 34 38 28

Lowest tertile 187 30 69 51

Unknown 153 — 41 —

Smoking status in the year before diagnosis .2

Never 419 54 99 57

Former 277 35 51 29

Current 85 11 25 14

Unknown 0 — 2 —

Use of complementary and alternative
medicines prediagnosisf

.5

Yes 191 25 37 22

Disease- and treatment-related variables

Stage of disease at diagnosis .1

I-II 230 30 40 23

III-IV 549 70 132 77

Unknown 2 — 5 —

Tumor histology at diagnosis .6

High-grade serous 568 73 120 68

Low-grade serous 32 4 5 3

Endometrioid 63 8 16 9

Clear cell 44 6 12 7

Mucinous 35 4 12 7

Mixed/other 39 5 12 7
(continued on next page)
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Table 1. Baseline characteristics of the 958 Australian Women in the OPALa Study, comparing those who did and did not
complete at least one questionnaire after primary treatment for ovarian cancerb (continued)

Baseline characteristics

Completed at Least 1 Questionnaire
After Primary Treatment

P Valuec
Yes (n [ 781) No (n [ 177)

n % n %

Type of chemotherapy received in primary treatment .2

None 48 6 15 9

Neoadjuvant 254 33 65 37

Adjuvant 479 61 96 55

Complete response to primary treatmentg <.001

Yes 685 88 113 65

aOPAL ¼ Ovarian Cancer Prognosis and Lifestyle.
bData collected from 2012 to 2015.
cP values in bold are statistically significant.
dIncludes anxiety and depression.
eMET ¼ metabolic equivalents of task.
fIncludes naturopathy, homeopathy, and acupuncture.
gCompleted primary treatment and had no evidence of disease recurrence/progression at the end of primary treatment.
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

 ������������
n (%)

������������!
Dietary practices

Specific dietary practices

S1.1 Alkaline diet Comment about following an alkaline
diet, consuming bicarbonate of
soda/baking powder, or reducing
intake of “acidic” foods.

“I believe that eating an alkaline type diet
helps most, as cancer thrives on ’acidic’
conditions. I take ’baking powder’ each
morning in glass of water on empty
stomach half hour before food.”

6 (3) — 2 (4)

S1.2 Avoiding processed
foods or sugar

Comment about eliminating or reducing
processed foods and/or sugar.

“I follow a natural diet, eating as little
processed food as possible. I try to
prepare everything from scratch and to
add no sugar.”

19 (9) — 5 (9)

S1.3 Blood type diet Comment related to the blood
type diet.

“Trying to follow Dr P D’Adamo’s blood type
diet for type A. Avoiding bananas,
mangoes, meat, tomatoes, potatoes,
sweet potatoes etc.”

1 (<1) — —

S1.4 Free range Comment about consuming free-range
eggs or animal products.

“My eggs are sourced fresh from free range
farm.”

6 (3) 1 (2) 1 (2)

S1.5 Gerson therapy Comment related to Gerson therapy. “Am on the Gerson therapy and have been
for the past 5 months.”

— — 1 (2)

S1.6 Gluten or wheat free Comment regarding eliminating or
reducing gluten or wheat in diet.

“Am trying to eat gluten free products as it
makes me feel better, less bloated.”

11 (5) 3 (6) 1 (2)

S1.7 High energy/protein Comment regarding increasing protein
or energy intake or following a
high-protein/high-energy diet.

“I have changed from a fairly low fat and
protein diet to fairly high fat, very high
protein.”

5 (2) 3 (6) —

(continued on next page)
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb (continued)

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

S1.8 Intermittent fasting Comment about intermittent fasting or
5:2 diet.

“Have been on the 2/5 intermittent fasting
regime for 3 months and it has reduced
the amount of food I am eating overall.”

3 (1) — 1 (2)

S1.9 Juicing Comment regarding juicing fruit and/or
vegetables.

“Make own juice 4� week to substitute
evening meal - kale, beetroot, carrot,
ginger, apple.”

16 (8) 3 (6) 8 (15)

S1.10 Lactose- or dairy-free Comment regarding eliminating or
reducing dairy products in diet or
being lactose intolerant.

“Lactose intolerant - so milk is lactose free
and am unable to tolerate any dairy.”

11 (5) 1 (2) 2 (4)

S1.11 Low carbohydrate Comment related to eliminating or
reducing carbohydrate or
carbohydrate-rich foods (eg, bread,
pasta, grains) or a comment related
to following a ketogenic or paleo
diet.

“I have a very healthy diet no pasta, rice,
bread - Mon-Fri mainly paleo.”

11 (5) 1 (2) 1 (2)

S1.12 Low fiber Comment regarding reducing fiber in
diet.

“Following both surgeries, I have been on a
low fiber diet.”

7 (3) 4 (8) 3 (5)

S1.13 Low fructose Comment regarding reducing fructose
intake in diet.

“Fructose malabsorption precludes most f
ruit.”

2 (<1) — —

S1.14 Organic Comment regarding organic food. “Most of the food that I eat is organic -
fruit/veg[etables], including the flour.”

11 (5) 1 (2) 4 (7)

S1.15 Plant-based Comment regarding eliminating or
reducing meat and/or animal
products, or following a vegetarian,
vegan or vegetable-based diet.

“Have been following a strict vegan diet
since December last year.”

12 (6) 1 (2) 4 (7)

(continued on next page)
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb (continued)

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

S1.16 Weight-management
program

Comment about participating in a
commercial weight management
program.

“Have been on Weight Watchers since
finished/recovered from chemo.”

2 (<1) — 1 (2)

Specific food or meal habits

S1.17 Herbs and spices Comment regarding the use of herbs and
spices.

“Fresh ginger and fresh turmeric with food.” 7 (3) 2 (4) 2 (4)

S1.18 Sugar substitute Comment regarding using a sugar
alternative.

“I use equal for coffee - 2 sachets morning;
2 sachets noon.”

6 (3) — 1 (2)

S1.19 Other food habit Describes a dietary practice that is related
to a specific food or drink (not linked
to a health benefit).

“I eat a least a cup of walnuts and almonds
a day e both raw.”

17 (8) 4 (8) 8 (15)

S1.20 Meal habit Describes a specific dietary practice that
is related to a meal (not linked to a
health benefit).

“At lunch eat salads most days, which contain
cos lettuce or mixed leaves, capsicum,
tomato, Lebanese cucumber, celery,
radish with cheese and small tin red
salmon or smoked salmon.”

6 (3) — 1 (2)

Overall approach to eating

S1.21 Comment on diet Expresses an opinion or perspective
regarding overall dietary intake or
practices.

“My diet this month has been very up and
down.”

16 (8) 3 (6) 4 (7)

S1.22 Eating pattern Describes dietary practices or approach
to eating across a day (ie, multiple
meals) or week.

“I try to eat fresh fruit salad and yoghurt for
breakfast; sandwich/roll for lunch. 5 veg
[etables] and fish and stir-fry, roast
chicken for dinner - always have fresh
greens.”

24 (12) 7 (14) 6 (11)

(continued on next page)
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb (continued)

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

S1.23 Meals outsourced Meals are obtained from an external
source.

“I’ve felt too tired to cook most times so I now
buy karmas kitchen - frozen meals. They
seem fairly well balanced but may not
have as many veg[etables] as I used when
cooking myself.”

3 (1) — 4 (7)

Use of dietary supplements
and CAMc

S1.24 CAM Comment regarding use nutrition-related
CAM (eg, botanicals, herbal extracts)

“Endura cell plus capsules; cellfood-6 drops
twice a day; organic turmeric capsules.”

11 (5) 4 (8) 7 (13)

S1.25 Micronutrient
supplements

Comment regarding taking a vitamin,
multivitamin, or mineral supplement

“The onc[ologist] has had me taking 4 mag-
sup a day for many months.”

11 (5) 2 (4) 3 (5)

S1.26 Oral nutrition
supplements

Comment regarding consuming an
energy/protein supplement

“Sustagen when not hungry.” 2 (<1) 4 (8) 1 (2)

Factors affecting dietary practices

Appetite

S1.27 Cravings Comment about an appetite for specific
foods.

“Just that my sweets intake is insatiable.” 4 (2) — 1 (2)

S1.28 Normal or increased Comment about appetite being normal
or increased.

“I have a normal appetite, no problem eating.” 3 (1) — —

S1.29 Poor or reduced Comment about appetite being less than
normal.

“Due to chemo, I am a little off my food and
don’t enjoy food that I used to love.”

7 (3) 7 (14) 5 (9)

(continued on next page)
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb (continued)

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

Impact of ovarian cancer
and its treatment on
dietary practices

S1.30 Acute effects of cancer
treatment

Comment regarding the impact of
current cancer treatment on dietary
practices.

“I have just completed 2 rounds of chemo so
my taste and appetite are not normal at
the moment.”

3 (1) 9 (18) 1 (2)

S1.31 Late effects of cancer
treatment

Comment regarding the impact of prior
cancer treatment on current dietary
practices.

“Since chemo have noticed I cannot eat food
high in acid.”

6 (3) — 8 (15)

S1.32 Presence of recurrent
disease

Comment about dietary practices in
relation to cancer recurrence

“Have lost my appetite due to pain and a
tumor resting against my stomach.”

— 1 (2) 2 (4)

S1.33 Life-limiting diagnosis Comment about dietary practices in
relation to a terminal diagnosis or
end-of-life care.

“Ovarian cancer has returned e terminal but
still feel terrific . . . am trying to eat
berries, nuts every day, fresh food, fresh
veg[etables], nothing processed or with
chemicals added.”

— — 2 (4)

Impact of other
comorbidities on
dietary practices

S1.34 Bowel complications Comment regarding impact of bowel
surgery or complications (eg, bowel
obstructions) on dietary practices.

“Have a stoma - certain foods not
recommended.”

10 (5) 7 (14) 3 (5)

S1.35 Mental health Comment regarding impact of mental
health on dietary practices.

“I suffer with anxiety and have not been
inclined to cook like I used to.”

5 (2) —

S1.36 Other comorbidity Comment regarding a medical condition
that affects dietary practices that is
other than ovarian cancer, bowel
complications or mental health.

“I am very low in hemoglobin (hence extra
meat).”

28 (13) — 3 (5)

(continued on next page)
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb (continued)

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

Influence of environment
on dietary practices

S1.37 Family and social networks Comment relating to the influence of
social networks and family members
on dietary practices.

“Currently I cook for both my husband and
mother (89 years) so my diet isn’t exactly
as I would like.”

4 (2) — 2 (4)

S1.38 Location Comment relating to the impact of
geographical location or physical
surroundings on dietary practices.

“Have been on holidays during the past 2
months, travelled through Pakistan, China
& Mongolia where food choices have
been limited. Rice, vegetables and lentils,
sauces, tomato-based sauces, lots of
cabbage, buckwheat.”

9 (4) 2 (4) —

S1.39 Season Comment relating to the influence of the
season (eg, summer, Christmas) on
dietary practices.

“Summer time diet - lots of salads and fruit,
chicken, tinned salmon, whiting.”

15 (7) — 3 (5)

Dietary advice and sources
of information

S1.40 Dietitian Comment regarding dietary advice
received from a dietitian.

“My dietitian has put me on a full fat diet to
put on weight.”

2 (1) 1 (2) 1 (2)

S1.41 Doctor Comment regarding dietary advice
received from a doctor (includes
general practitioner and specialists).

“Recently started taking (last 3 months) Vit
[amin] B complex, folic acid as suggested
by oncologist for peripheral neuropathy.”

7 (3) — 1 (2)

S1.42 Naturopath Comment regarding dietary advice
received from a naturopath or
alternative health practitioner.

“Went to herbalist naturopath who
recommended I favor cooked foods
including rice and vegetables and
ayurvedic liver tonic.”

3 (1) 3 (6) 1 (2)

(continued on next page)
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb (continued)

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

S1.43 Own reading Comment regarding dietary information
obtained from own reading.

“Following diet recommendations from “foods
that fight cancer.” Have only just
commenced taking supplements after
doing extensive research.”

6 (3) — —

S1.44 Source unknown Comment regarding dietary advice
received but source of information
not stated.

“Have cordial and water with Ostelin liquid
iron as recommended.”

5 (2) — 1 (2)

S1.45 Request for information Request for diet or nutrition-related
information.

“Can you send me a diet? I know I am not
eating very healthily as I should be.”

6 (3) — —

Personal beliefs about
dietary intake and
health

S1.46 Cancer recurrence Comment regarding following a dietary
practice to reduce the risk of cancer
recurrence.

“Research indicates that sugar feeds cancer
cells. Am off sugar, only some natural
sugar from fruit.”

3 (1) — 2 (4)

S1.47 Weight management Comment regarding following a dietary
practice for weight management.

“I have just commenced a low carb[ohydrate],
no sugar, no dairy diet due to excessive
weight gain.”

6 (3) 3 (6) 1 (2)

S1.48 Wellbeing Comment regarding following a dietary
practice to improve wellbeing and
recovery after cancer treatment.

“Drink 250ml of cranberry juice to assist with
bladder irritation.”

18 (9) — 6 (11)

S1.49 No benefit from dietary
intake

Comment regarding dietary intake not
being beneficial for health
outcomes.

“Never believe the food or what we do causes
cancer, the most important is the gene
family.”

1 (<1) — 1 (2)

(continued on next page)
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Table 4. Coding framework used in a content analysis of responses to an open-ended question about dietary practices in the OPALa Study conducted in Australia,
including the frequency and proportion of individual codes idenified in participants’ responses reported by participants’ disease recurrence and treatment status when
responding to the open-ended questionb (continued)

Section Response Category code Explanation Example quote

No
recurrence,
no
treatment
(n [ 208)

Recurrence,
treatment
(n [ 50)

Recurrence, no
treatment
(n [ 55)

Comments about the FFQd

and its food items

S1.50 FFQ clarify Comment to clarify an item on the FFQ. “12e: only eat chicken breast - no fat.”
“12c: I don’t eat take away food.”

40 (19) 8 (16) 5 (9)

S1.51 FFQ feedback Comment that provides feedback on the
FFQ.

“Maybe a good question would be ’Have you
altered your diet to try to improve your
health, or try to reduce your risk of
cancer?’.”

33 (16) 2 (4) 4 (7)

Comments not related to
dietary practices

S1.52 Other medical Comment regarding a medical condition
with no reference to diet.

“Was diagnosed with type 2 diabetes end of
June.”

12 (6) — 3 (5)

S1.53 Ovarian cancer Comment about the status of their
ovarian cancer with no reference to
diet.

“Even though still have ovarian cancer am in
very good health. CA125e is down to 120
from 4600, so am doing very well.”

5 (2) 4 (8) 3 (5)

S1.54 Product use Comment about use of products with no
reference to diet.

“Also, the cleaning products I use is white
vinegar 50% water and never use any
sprays in the house.”

1 (<1) — —

aOPAL ¼ Ovarian Cancer Prognosis and Lifestyle.
bParticipants responded in their own words to the open-ended question: “Is there anything we haven’t ask you about your diet in the last 1-2 months that you feel is important?” Data collected from 2012 to 2015.
cCAM ¼ complementary and alternative medicine.
dFFQ ¼ food frequency questionnaire.
eCA125 ¼ cancer antigen 125.
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ABSTRACT
Background Accelerated functional decline is a concern among older cancer survivors
that threatens independence and quality of life. Pilot studies suggest that vegetable
gardening interventions ameliorate functional decline through improved diet and
physical activity.
Objective The aim of this article was to describe the rationale, recruitment challenges,
and enrollment for the Harvest for Health randomized controlled trial (RCT), which will
test the impact of a home-based, vegetable gardening intervention on vegetable and
fruit consumption, physical activity, and physical functioning among older cancer sur-
vivors. Modifications made to the intervention and assessments to assure safety and
continuity of the RCT throughout the COVID-19 pandemic also are reported.
Design Harvest for Health is a 2-year, 2-arm, single-blinded, wait-list controlled RCT
with cross-over.
Participants/setting Medicare-eligible survivors of cancers with �60% 5-year survival
were recruited across Alabama from October 1, 2016 to February 8, 2021.
Intervention Participants were randomly assigned to a wait-list control or a 1-year
home-based gardening intervention and individually mentored by extension-certified
master gardeners to cultivate spring, summer, and fall vegetable gardens.
Main outcome measures Although the RCT’s primary end point was a composite
measure of vegetable and fruit consumption, physical activity, and physical functioning,
this article focuses on recruitment and modifications made to the intervention and
assessments during COVID-19.
Statistical analyses performed c2 and t tests (a < .05) were used to compare enrolled
vs unenrolled populations.
Results Older cancer survivors (n ¼ 9,708) were contacted via mail and telephone;
1,460 indicated interest (15% response rate), 473 were screened eligible and consented,
and 381 completed baseline assessments and were randomized. Enrollees did not differ
from nonrespondents/refusals by race and ethnicity, or rural-urban status, but
comprised significantly higher numbers of comparatively younger survivors, those who
were female, and survivors of breast cancer (P < .001). Although COVID-19 delayed trial
completion, protocol modifications overcame this barrier and study completion is
anticipated by June 2022.
Conclusions This RCT will provide evidence on the effects of a mentored vegetable
gardening program among older cancer survivors. If efficacious, Harvest for Health
represents a novel, multifaceted approach to improve lifestyle behaviors and health
outcomes among cancer survivors—one with capacity for sustainability and widespread
dissemination.
J Acad Nutr Diet. 2022;122(9):1629-1643.
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RESEARCH SNAPSHOT

Research Question: Vegetable gardening interventions hold
promise for improving lifestyle behaviors and health of older
cancer survivors; however, what proportion are interested
and eligible for these interventions and what modifications
were necessary during the COVID-19 pandemic?

Key Findings: This 2-arm, wait-list controlled, cross-over trial
accrued 381 cancer survivors who are individually mentored
by certified master gardeners to maintain spring, summer,
and fall vegetable gardens. Roughly 15% of those contacted
were interested in participation, with uptake considerably
greater among younger survivors and breast cancer
survivors. Several adaptations were made in intervention
delivery and assessment, which successfully sustained trial
viability via remote means during the COVID-19 pandemic.
C
URRENTLY, THERE ARE APPROXIMATELY 17 MILLION
cancer survivors in the United States.1 Given the
confluence of population aging, early detection, and
improved treatment, this number is expected to

exceed 22 million by 2030.1 Most survivors (65%) are 65 years
or older, and are at increased risk of new or worsening
chronic health conditions associated with both aging and
cancer-related sequelae.1 Compared with individuals without
a cancer history, cancer survivors are at increased risk for
second malignancies, cardiovascular disease, osteoporosis,
and functional impairment.2-14 Because 44% of cancer survi-
vors are living at least 10 years beyond diagnosis,1 in-
terventions are needed to prevent or delay age- and
treatment-related morbidity.
Despite evidence of the benefits of a healthy lifestyle on

physical health and psychosocial well-being, many cancer
survivors do not adhere to recommended guidelines, such as
those proposed by the National Comprehensive Cancer
Network.15 Although interventions have shown efficacy in
improving vegetable and fruit (V&F) intake, physical activity
(PA), and physical functioning (PF) among older cancer sur-
vivors,16-18 most lack capacity for broader adoption, imple-
mentation, and sustainability in real-world settings,
indicating a considerable research-to-practice gap.
Gardening, especially vegetable gardening, is associated

with healthier diets, increased PA, better health-related
quality of life (HRQOL), and lower mortality.19-27 Older gar-
deners, as compared with nongardeners, demonstrate better
balance and gait speed, and report fewer comorbidities,
functional limitations, and falls.28,29 To date, most gardening
programs have been based in school or community set-
tings,21,22,30-36 with a few smaller-scale programs evaluated in
health care facilities.37-39 Vegetable gardening, regardless of
setting, is a relatively low-cost, and multifaceted strategy to
promote physical and psychosocial health and well-being and
has great potential for sustainability of health behaviors and
outcomes, as gardening involves nonrepetitive activities that
prevent the burnout that is common with other forms of ex-
ercise, and allows enjoyment of the outdoors40-42; provides a
sense of achievement and zest for life that come from
nurturing and observing new life and growth43; and imparts
natural prompts because plants require regular care and
attention and serve as continual and dynamic behavioral cues.
Harvest for Health, a home-based, individually mentored,

vegetable gardening intervention that pairs cancer survivors
with certified master gardeners (MGs) is designed with a
focus on implementation, dissemination, and sustainability.
This project builds on the extant infrastructure of the US
Department of Agriculture Cooperative Extension System’s
Master Gardener Program that includes as its mission “to
empower communities to meet the challenges they face to
improve nutrition and protect the environment.”44

Throughout the United States, the MG program operates
largely via land-grant universities in each state. Certified
MGs complete state-designated hours of training and
annual community service to maintain active status. Harvest
for Health was developed in the southern United States—a
region that is home to 10.8 million older cancer survivors.45

Although designed as a 3-growing season program, Harvest
for Health can be adapted to regions with fewer growing
seasons and people with other chronic diseases for which PF
and lifestyle behaviors are key.46 Results from a series of 3
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pilot studies in samples ranging from 12 to 82 cancer sur-
vivors indicated success in establishing feasibility, safety,
and satisfaction, and suggest that the gardening in-
terventions increased V&F intake and PA, attenuated in-
creases in waist circumference, and improved PF and
performance.47-50

To evaluate the efficacy and costebenefit of the interven-
tion on health behaviors and outcomes, the program was
expanded to a statewide randomized controlled trial (RCT).
To date, Harvest for Health is the largest RCT to evaluate the
efficacy of gardening on health outcomes in adults. We will
detail the enrollment, as well as challenges encountered and
protocol modifications made to assure safety and continuity
of the RCT throughout the COVID-19 pandemic.

METHODS
Inter-Institutional Partnership Between a
Comprehensive Cancer Center and a Land Grant
University
The Harvest for Health program is a partnership between the
O’Neal Comprehensive Cancer Center at UAB (OCCC-UAB) and
the Alabama Cooperative Extension System (ACES) at Auburn
University, the major land grant university in the state. The
OCCC-UAB identifies, enrolls, and evaluates the cancer sur-
vivor participants in the gardening intervention, and ACES
oversees the MGs and delivers the intervention. Both orga-
nizations monitor intervention fidelity. Similar to all states,
ACES provides intensive horticultural training and certifica-
tion to individuals, who then volunteer as MGs in their
communities. In Alabama, there are roughly 2,000 MGs, with
each volunteering more than 50 hours/year to maintain cer-
tification. As an initial step, and to gauge potential capacity
for Harvest for Health, ACES conducted an online statewide
survey among MGs; results indicated that 26% of respondents
were “interested” and 71% were “exceptionally interested” in
committing volunteer hours to this project,47 thus assuring
an adequate workforce.

Study Design
Harvest for Health is a 2-arm, single-blinded, RCT that uses a
wait-list controlled, cross-over design. Participants are
September 2022 Volume 122 Number 9
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randomly assigned with equal allocation to either the im-
mediate intervention or the delayed intervention (wait-list
control) arms, arms are crossed-over at 1 year and followed
for an additional year. This design, as used and described in
the RENEW (Reach Out to Enhance Wellness ) diet and ex-
ercise RCT of 641 older cancer survivors,17 allows testing for
efficacy (between-arm differences from baseline to 1-year
follow-up), exploration of durability (comparison of 1- to 2-
year outcomes in the immediate intervention arm), and
exploration of repeatability (contrasting the effects observed
with the delayed intervention compared with those of the
immediate intervention). Outcome measures are assessed on
all study participants during observational assessments
(baseline and 1- and 2-year follow-up), and with mailed
surveys (6- and 18-month follow-up). Figure 1 illustrates the
study flow from identification of potential cases through
screening and randomization, and also illustrates projected
follow-up. The Harvest for Health study protocol was
approved by the UAB Institutional Review Board and all
participants provide written informed consent. The trial was
registered with the National Institutes of Health
(ClinicalTrials.gov ID: NCT02985411).

Study Aims
The primary aim tests the impact of the gardening inter-
vention on V&F intake, PA, and PF. Secondary aims were to
assess the intervention’s effects on secondary end points, for
example, plasma a-carotene (biomarker of V&F consump-
tion), inflammatory biomarkers (serum interleukin 6 and
tumor necrosis factorea), toenail cortisol, the fecal micro-
biome, adiposity (waist circumference and body mass index
[calculated as kg/m2]), sleep, reassurance of worth (ie, feeling
of adding value), and HRQOL; evaluate the durability and
repeatability of the intervention; explore participant factors
related to program efficacy (eg, sex, comorbidity, and age);
and assess the value of health improvements relative to
intervention costs.

Recruitment, Eligibility, and Consent
Recruitment for Harvest for Health spanned from October 1,
2016 to February 8, 2021. Similar to recruitment procedures
documented as successful by Patterson and colleagues,51

cases were ascertained from cancer registries (UAB and Ala-
bama state) employing the following procedure:

1. Identify Medicare-eligible participants (noting that for
most, a minimum age of 65 years is used) who have
been diagnosed and completed curative therapy for
cancers associated with 5-year survival rates of �60%
(ie, in situ or localized cancers of the bladder, cervix;
gastric cardia, larynx or early stage multiple myeloma;
in situ or locoregionally staged melanoma and cancers
of the colorectum, endometrium, kidney/renal pelvis,
oral cavity/pharynx, ovary, prostate, soft-tissue sar-
coma, thyroid, and female breast [only female—as
defined by sex at birth and obtained from cancer
registries or medical records—participants with breast
cancer were considered, given poorer documented
survival among men],52 as well as melanoma, and all
stages of testes cancer, leukemia, and Hodgkin or non-
Hodgkin lymphoma).
September 2022 Volume 122 Number 9 JO
2. Contact oncologists of participants to gain permission
for contact.

3. Mail letters of invitation and then follow-up with
telephone contact (placing up to 6 call attempts at
various days and times) to assess study interest and
eligibility.

Other eligibility criteria include:

1. Reporting �5 daily servings of V&F (assessed using
the totals from 2 brief screening questions: “On
average, how many cups of raw green leafy vegetables
do you eat per day and “On average, howmany cups of
other fruits and vegetables do you eat per day (not
including lettuce, potatoes, fruit juices, dried beans)?;

2. Reporting <150 minutes of weekly moderate-to-
vigorous PA53 (assessed using the screening ques-
tion: “On average how many minutes do you exercise
a week?);

3. Reporting �1 PF limitation on the PF subscale of the
36-Item Short Form Survey54;

4. Absence of pre-existing medical conditions that pre-
clude gardening (eg, severe orthopedic conditions,
pending hip/knee replacement, paralysis, dementia,
blindness, untreated stage 3 hypertension, or condi-
tions such as myocardial infarction that require oxy-
gen or hospitalization within the past 6 months);

5. Community dwelling;
6. No existing or recent vegetable garden (eg, neither

themselves nor a household member tended a vege-
table garden in the past 2 years);

7. Residence can accommodate 1 raised bed (4 � 8 feet)
or 4 grow boxes (24 � 20 inches) with ample sunshine
(6 or more hours per day) and have ready access to
water;

8. English-speaking and writing; and
9. Willingness to be randomized to either study arm and

to participate for 2 years.

Additional recruitment strategies included study flier dis-
tribution, radio public service announcements, and commu-
nity presentations. Eligible respondents were mailed 2 copies
of the study consent form and a telephone appointment was
scheduled with study staff to review the trial requirements
and obtain informed signed consent (1 copy of the signed
form was returned in a pre-addressed, postage-paid
envelope).

Study Flow Overview
Harvest for Health is delivered on an individual basis,
although for logistical reasons (ie, focused recruitment and
supervision of MGs, delivery of intervention supplies, and
scheduling of assessment travel), a rolling recruitment plan is
followed that corresponds to county-dependent planting
dates appropriate for spring, summer, and fall gardens.
Therefore, baseline assessments with randomization occur on
a rotating trimester basis. For participants who randomize to
the immediate intervention, the year-long mentored
gardening intervention starts with a meet-and-greet kick-off
event, and for those assigned to the delayed intervention, the
intervention begins 1 year later. Participants are assessed
every 6 months, alternating between in-person and survey-
based assessments.
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1631
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Figure 1. Study flow diagram of the Harvest for Health randomized controlled trial that tests the impact of a vegetable gardening
intervention on vegetable & fruit (V&F) consumption, physical activity, and physical functioning among older cancer survivors
residing in Alabama.
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Assessments
Assessments are conducted at baseline and throughout the 2-
year study period on the following schedule: every 6 months
for primary outcomes and every 12 months for secondary
outcomes (with the exception of health care utilization,
which is assessed semi-annually). The primary outcome is
multifaceted in nature and relies on achieving the following 3
goals: increase of �1 V&F servings/d; increase in moderate-
to-vigorous PA by �30 min/wk; and improvement in PF.
Primary outcome data for each of these domains are gathered
using self-administered surveys composed of validated in-
struments for which study participants receive either a
mailed questionnaire or an e-mailed link to an online REDCap
survey. Secondary outcomes include a broad array of mea-
sures that assess different domains that also serve various
functions, including the following: objective measures that
corroborate self-reported primary outcomes data; anthro-
pometric measures of adiposity; health status and utilization;
HRQOL, stress, and self-worth; sleep; and impact on the gut
microbiome, cortisol, and biomarkers of inflammation. Given
that many secondary outcomes rely on physical assessments
and the collection of biospecimens, Harvest for Health plan-
ned for in-person assessments at participants’ homes or
community facilities (eg, medical centers, clinics, senior
centers, and town offices). Thus, 2 to 3 weeks before each
annual assessment, participants receive a mailed packet that
includes the following: an instruction sheet to prepare for
phlebotomy (fast for �4 hours and be well-hydrated); in-
structions to clip toenails and baggies in which to place them
for cortisol assays; activity and sleep logs and a programmed
accelerometer (Actigraph) for a 7-day collection; and a fecal
wipe and bag (to assess the microbiome). At the time of the
in-person visit, study staff perform phlebotomy; conduct
other in-person assessments; and collect accelerometers,
nails, and fecal wipes. Blood samples are configured into sera,
plasma, and buffy coat (half immersed in RNAlater [Invi-
trogen] and the other half stored as is). All biospecimens are
stored at e80o C until analysis. Figure 2 details each of the
study measures.28,43,54-70

In addition to serving as a secondary outcome, comorbidity
will be explored as a potential moderator. Furthermore, as
per the logic model (Figure 3), social support and self-efficacy
will be explored as potential mediators. The widely used
social support scales of Sallis and colleagues71 to eat more
V&Fs (10 items) and get more exercise (13 items) are used,
given their strong psychometric properties (a ¼ .70). Self-
efficacy items adapted from Bandura and found to success-
fully mediate increases in exercise and eating more V&F
among cancer survivors are also used, with additional
adaptation to assess gardening self-efficacy (ie, how sure are
you that you could maintain a thriving vegetable
garden?).72,73

As indicated in the Recruitment, Eligibility, and Consent
section and Figure 1, cancer registries largely served as the
information source for cancer type and stage, sex, age, race
and ethnicity, and county of residence; among cases who
self-referred, this information was captured via verification
from treating oncologists. Data on the highest grade of
educational attainment, income, employment status, tobacco
use, and types of cancer treatment were captured via self-
report on the baseline survey.
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Randomization
On completion of the baseline assessment, participants are
considered enrolled and block randomized within each
county on a trimester basis. Participants are allocated evenly
to either the immediate intervention or delayed intervention
arms.

Vegetable Gardening Intervention
Theoretical Framework. The Harvest for Health interven-
tion is guided by Social Cognitive Theory72 and the Social
Ecological Model.74 Aligned with Social Cognitive Theory, MGs
serve as role models and promote gardening self-efficacy by
reinforcing key concepts and providing encouragement and
guidance in overcoming barriers. Self-monitoring, a key Social
Cognitive Theory concept, is addressed through the assign-
ment of a gardening journal. Social Ecological Model concepts
of social and environmental support are addressed via in-
teractions with the MG and with nature. The logic model for
Harvest for Health (Figure 3) depicts potential mediators of the
gardening intervention and their potential influence on study
outcomes.

Intervention Delivery and Support. Because Harvest for
Health promotes home-based vegetable gardening and re-
quires in-person visits at survivors’ homes, ACES performs
criminal background checks on all MGs, although to date no
one has failed the background check (note that home-based
visits also raised safety concerns during COVID-19; adapta-
tions to intervention delivery and assessment are covered in
an upcoming subsection). MGs also complete 4 hours of
intensive training on content co-developed by OCCC-UAB and
ACES that covers cancer, cancer survivorship, and delivery of
the intervention. Contact between the MG and survivor oc-
curs on a biweekly basis alternating between monthly home
visits and interactions that transpire via telephone, text, or e-
mail (the total time commitment averages 1.5 hours per
month: 1 hour for the home visit and 30 minutes for other
communications). Efforts are made to pair MGs with survi-
vors who live within 15 miles of one another to enhance
interactions. SurvivoreMG dyads initially become acquainted
at meet-and-greet group functions scheduled at county
extension offices, churches, or public libraries, and also
feature 20- to 30-minute presentations by OCCC-UAB and
ACES staff to review the project and field questions. Distri-
bution of gardening supplies also occurs at these events.
MGs help survivors plan and set-up their gardens during

the initial home visit (this session is longer and requires 2
hours). Thereafter, biweekly contacts are used to review
progress (eg, status of plants and harvesting), promote
optimal garden management (ie, soil/pest management and
watering), and answer questions or troubleshoot problems
(eg, weeds and mildew). During monthly home visits and as
old plants expire, the MG assists the participant in
substituting new items.
Strategies to monitor and enhance fidelity to intervention

delivery by MGs and to gardening by participants are based
on the National Institutes of Health Behavior Change Con-
sortium recommendations.75 First, MGs log all encounters
with their assigned participant on the ACES website, which is
tracked by Auburn staff to ensure biweekly contact,
completion of gardening activities (eg, plant rotation), and
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1633



Outcome Measure

Primary outcome: Composite
measure derived from the
following subjective measures

V&Fa intake The 10-item, Eating at America’s Table Screener assesses frequencies and portion sizes
of V&Fs. This NCIb-developed tool has proven reliability and validity, and strong
concordance with 24-hour recalls.55

PAc The 41-item Community Healthy Activities Models Program for Seniors questionnaire
has proven validity for capturing PA in older adults (ICCd ¼ 0.81-0.88 for moderate
intensity activity).56

PFe The 10-item PF subscale of the 36-Item Short Form Survey assesses general PF and is
valid and reliable for use in healthy and chronically ill adults. Internal consistency is
excellent: a ¼ .89-.92; it has published norms and is sensitive to change.54

Secondary outcomes: Objective
measures below serve to validate
subjective measures above

Plasma a-carotene Carotenoids are analyzed via high-performance liquid chromatography as per Bieri and
colleagues57 on a Hitachi 911 clinical analyzer with standard chemistries by Roche.
Lipid-adjusted values of a-carotene are explicitly selected for analyses because these
are least likely to be affected by supplement use.

PA 7-day accelerometer-assisted collection using ActiGraph

Physical performance The Senior Fitness Battery objectively assesses physical performance in several
domains, is sensitive to change, devoid of ceiling effects, and has normative
scores.58 Assessments included: 30-second chair stand (lower body strength); 8-foot
get up and go test (agility, dynamic balance); 8-foot walk (gait speed); sit and reach
(flexibility); back scratch (flexibility); 2-minute step test (endurance); 30-second arm
curl (upper arm strength); and grip strength, (disability and functional limitation
predictor)59 as assessed using an Omron dynamometer per manufacturer’s
instructions.

Balance testing was done using iPAD minis (Apple) uploaded with the Sway app and
using the Physical Performance Mobility Examination protocol (ie, eyes open and
then shut for side by side, semi-tandem, and tandem stances).

Other secondary outcomes

HRQOLf (QALYsg) The 36-Item Short Form Survey HRQOL Index (version 2) provides a global measure of
mental and physical HRQOL 8 subscales.54 The internal consistency and reliability for
all 8 subscales is high, ICC ranging from 0.78 to 0.93. A subset of output data will also
be used to create QALYs.60

Health care utilization “Any changes in health” are assessed every 6 months; health events, hospitalizations, and
medication changes (type and dose) are reported.

Comorbidity The Older Americans Resources & Services Comorbidity Index (43 items) used in
multiple studies in older adults will be used to assess the number of chronic medical
conditions and symptoms and their functional impact (severity).61 Because falls are a
particular issue in this population, an item validated by Chen and Janke28 that
assesses falls in the past year will also be included.

(continued on next page)

Figure 2. Study outcomes of the Harvest for Health vegetable gardening intervention in older cancer survivors in Alabama.
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Outcome Measure

Reassurance of worth 1 of 6 subscales of the Revised Social Provision Scale, this 4-item subscale measure has
reliability estimates of 0.60-0.70 and will be used to assess the psychosocial benefits
of gardening.43,62

Sleep quality The Pittsburgh Sleep Quality Index is a 19-item scale composed of 7 components, with
proven reliability and consistency (Cronbach a ¼ .83).63 Sleep quality also will be
measured by accelerometry (actigraphy).

Anthropometrics All anthropometric assessments are measured in light clothing and no shoes and
include: height assessed using a portable stadiometer; weight assessed using a
calibrated digital scale; waist circumference is measured in duplicate at the level of
the umbilicus and upon exhale using a tension-controlled nonstretch tape measure
(Gulick II; Fisher Scientific); and percent body fat via bioimpedance (Omron HBF-
306C). This measure is only performed on participants without pacemakers.

Stress Toenail cortisol levels: In previous studies, excellent correlations (r ¼ 0.58; P < .0001)
were found between salivary cortisol and toenail cortisol.64 Therefore, toenails are
collected, stored at room temperature, and assayed using the methods of Warnock
and colleagues.65

Inflammation Sera from venipuncture is analyzed for interleukin-6 and tumor necrosis factorea via
electrochemiluminescence (Meso-scale Discovery).

Microbiome As in previous studies,66 participants use sterile wipes to collect fecal samples, which
are stored in their home freezer until staff collection. Microbe DNA extraction is
performed using a ZR Fecal DNA Miniprep, then amplified, sequenced, and purified.
Analyses are performed with the Quantitative Insight into Microbial Ecology suite,
version 167 and the QWRAP wrapper pipeline. a-Diversity measures are calculated
using Chao1, observed species, Shannon Index, and whole tree Phylogenetic
Diversity.68-70

aV&F ¼ vegetable and fruit.
bNCI ¼ National Cancer Institute.
cPA ¼ physical activity.
dICC ¼ intraclass correlation.
ePF ¼ physical function.
fHRQOL ¼ Health-related quality of life.
gQALY ¼ quality-adjusted life-year.

Figure 2. (continued) Study outcomes of the Harvest for Health vegetable gardening intervention in older cancer survivors in
Alabama.
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review of core content (eg, soil care). Similarly, survivors are
asked to log MG contact and provide time-stamped photo-
graphs of the garden at each MG visit, which are submitted to
the OCCC-UAB study office. These photographs are entered
into monthly contests that are judged by study staff for
creativity and demonstration of best practices; winning
MGesurvivor dyads receive garden gloves and seed packets.
Tracking of both the MG logs and the survivor logs with
accompanying photographs serves as a measure of
adherence.
Education is a key component of the intervention and to

be sustainable the participant must learn as much as
possible about plants (eg, purchasing and growing from
seeds) and gardening (eg, planting, tending, and harvest-
ing). The MG mentor imparts knowledge by teaching
September 2022 Volume 122 Number 9 JO
participants about sustainable gardening principles and
“soft chemistries” for fertilizing and pest control; visiting
local garden centers with participants to impart skills in
selecting healthy plants and additional supplies (eg, extra
soil or fertilizer); and conducting gardening education
systematically and in brief segments to promote self-
mastery among participants. Thus, in accordance with
enforcing incremental goals,72 participants’ first gardens
rely on basic knowledge and skill levels and, as plants are
rotated and gardens evolve, higher levels of skill are
gained. In addition, ACES maintains a dedicated, private
Facebook site to reinforce this knowledge and promote
social support by encouraging interactive sharing of
gardening experiences, suggestions, recipes, and photos
among study participants and MGs.
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Figure 3. Logic model of Harvest for Health illustrating the potential mediators of the gardening intervention and their potential
influence on study outcomes (primary outcomes are featured in italicized font). IL6 ¼ interleukin-6; TNF-a ¼ tumor necrosis
factorea; V&F ¼ vegetables and fruit.
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Supplies. According to preference and gardening conditions,
each Harvest for Health participant receives either 1 raised
bed kit or 4 grow boxes that offer comparable square footage
and are ideal for balconies, patios, or high-shade environ-
ments (Figure 4). Standard issue supplies also include the
following: gardening journal; soil; fertilizer; mulch; frost
cloth; trellis; gardening hose; watering can; trowel; culti-
vator; hoe; soft chemistry insect control products; seeds;
transplants; and tomato cages. Uncommon supplies (eg, deer
fences) are managed on a case-by-case basis. Participants also
receive a hat and sunscreen to promote sun safety and a
binder that includes contact information and a checklist to
track MG contact, brochures on garden design and manage-
ment, safety, and health (eg, sun safety, protecting knees/
back, and lymphedema prevention), nutritional benefits of
V&F, V&F recipes, and cooking methods to preserve nutrients.
MGs receive a similar binder and sun safety supplies. To
further enhance engagement, participants receive monthly
postcards highlighting seasonal vegetables, nutrition facts,
and healthy recipes. Delayed intervention participants and
MGs receive identical supplies on completion of 12-month
follow-up.

Statistical Analyses
Descriptive statistics are calculated for all study variables and
normality checks are performed with subsequent
Figure 4. Participants of the Harvest for Health randomized control
grow box kits (24.5 � 20.5 inches) depending on preferences and
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transformation, if indicated. All statistical tests are 2-sided
using a significance level of 5%. Statistical analyses are con-
ducted using SAS, version 9.476 or higher. Our initial statistical
analyses focus on determining potential demographic and
cancer type differences between cancer survivors who ex-
press interest in the gardening intervention and those who
refuse or are unresponsive, and those who enroll in the RCT
vs those not enrolled. Here, t tests are conducted for
continuous variables, such as age, and c2 tests are performed
for categorical variables, such as sex, race and ethnicity,
residence in a rural- or urban-classified county, and cancer
type. These analyses are now complete and results are pre-
sented in this article—findings that are integral in assessing
program interest and to appropriately generalize the main
outcomes of this trial on its completion.

Primary Outcome. The primary study end point will be a
composite dichotomous score (yes or no) based on the in-
crease from baseline to 1-year follow-up on achieving the
following 3 goals (based on findings of the first Harvest for
Health pilot study):47 1) increase of �1 V&F serving/d; 2)
increase in moderate-to-vigorous PA by �30 min/wk; and 3)
any improvement in self-reported PF. These analyses will be
conducted in 2 ways: 1) on self-reported data (in which
achievement of all 3 aforementioned goals is coded as a yes
or no), and 2) only on self-reported data that are
led trial received 1 raised bed kit (4 � 8 feet � 10.5 inches) or 4
residential accommodations.

September 2022 Volume 122 Number 9



Outcome Measure

Primary outcome: Composite measure derived
from the following subjective measures

Vegetable and fruit intake No change

Physical activity No change

Physical function No change

Secondary outcomes: Objective measures below
serve to validate subjective measures above

Plasma a-carotene In adapting blood collection protocols from venipuncture to dried
blood spots (DBS), there are 3 issues that precluded continued use
of this measure: 1) inability to separate plasma; 2) rapid degradation
of light sensitive carotenoids; and 3) nonexistence of carotenoid
assays using DBS eluates.a

Physical activity Accelerometry procedures are unchanged.

Physical performance The following assessments from the Senior Fitness Battery are
preserved, but implemented through Zoom after assuring safety
and accuracy: 30-second chair stand; 8-foot get up and go test; 8-
foot walk; sit and reach; back scratch; and 2-minute step test.
Because the internet distorts the relative transmission of light and
sound, Zoom calls were recorded for timed measures, then
immediately replayed to extract the appropriate outcomes and
recorded on REDCap, and then destroyed. Given the need for
specialized equipment and budget restrictions, the 30-second arm
curl and grip strength are omitted.a

Balance testing: To circumvent the need for special equipment, the
Centers for Disease Control and Prevention protocol for side by side,
semi-tandem, and tandem stances was employed.87 To reduce
ceiling effects, the latter test was extended for up to 2 minutes (or
until the time at which the stance was broken).

Other secondary outcomes

Health-related quality of life No change

Health care utilization No change

Comorbidity No change

Reassurance of worth No change

Sleep quality No change

Anthropometrics Measures are adapted to Zoom and include: acceptance of self-
reported height, because it is unlikely to vary over the 2-year study;
weight assessed on the participant’s scale or a mailed scale that is
zeroed on camera; and waist circumference is taken in duplicate
using the ribbons provided (see text). Participants bare their midriff
on camera and staff instruct the partner to place the taped end of
the ribbon on the umbilicus and then wrap it snugly around the
waist; the participant is asked to rotate in front of the camera to

(continued on next page)

Figure 5. Study outcome modifications of the Harvest for Health vegetable gardening intervention in older cancer survivors in
Alabama to overcome the challenges posed by COVID-19. aFor measures that have been omitted, analyses will still occur, but will
only be performed on the sample that completed �12 months on study (ie, have both baseline and follow-up measures).
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Outcome Measure

assure the ribbon is flat and parallel to the ground; once assured, the
partner marks the place of overlap with the felt-tipped marker
provided. Both ribbons are sent back to the study office with other
supplies. percent body fat via bioimpedance is not performed.a

Stress No change

Inflammation No change

Microbiome No change

Figure 5. (continued) Study outcome modifications of the Harvest for Health vegetable gardening intervention in older cancer
survivors in Alabama to overcome the challenges posed by COVID-19. aFor measures that have been omitted, analyses will still
occur, but will only be performed on the sample that completed �12 months on study (ie, have both baseline and follow-up
measures).
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corroborated by objective measures (ie, as per Brevik and
colleagues,77 plasma a-carotene increases of �10% are used to
confirm �1 serving/d increases in V&F consumption, in-
creases in accelerometer-derived PA confirm self-reports, and
enhanced scores on at least two-thirds of tests within the
physical performance battery lend support to self-reported
increases in PF). Findings of both analyses will be reported
with the c2 test used to test for arm differences in goal
achievement. Intent-to-treat analysis will be conducted; a
score of 0 (not achieving 3 of 3 goals) will be used for missing
data. Proportions of the immediate intervention arm who
achieve the composite goal, along with 95% CIs, are computed
for year 1 and compared with proportions and 95% CIs
generated for year 2 to assess durability. For repeatability, the
proportion and CIs achieved for the immediate intervention
arm at year 1 are compared with the proportion and CIs
achieved in the delayed intervention arm at year 2. Using a 2-
sided .05 significance level, a c2 test with 160 participants/
arm yields >90% power to detect between-arm differences
(assumptions: 15% attrition from the planned enrollment of
185 participants/arm and a moderate response difference
(�20%) according to Cohen).78

Secondary Outcomes. Secondary outcomes include
HRQOL; self-efficacy and social support to eat an additional
daily serving of V&F and get at least an additional 30 minutes
of PA per week (including gardening); sleep; reassurance of
worth; adiposity (BMI and waist circumference); toenail
cortisol, serum interleukin-6 and tumor necrosis factorea
microbiome a-diversity, comorbidity, and health care utili-
zation (as captured from health events, hospitalizations, and
medication use). All of these outcomes are hypothesized to
improve in the immediate vs the delayed intervention arm at
1-year follow-up, with all secondary analyses considered
exploratory. Mixed-models repeated-measures analysis will
be performed using an appropriate structure for the covari-
ance matrix to account for potential correlation among
repeated measurements from the same participant. When a
model term is statistically significant, the Tukey-Kramer
multiple comparisons test will be used to determine which
specific pairs’means are significantly different. This modeling
method allows for simultaneous estimation of within-group
and between-group change. Models will include terms for
group, time, and group � time.
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Mediators and Moderators. For this trial, it is hypothe-
sized that both increased self-efficacy and social support
related to gardening, V&F intake, and PA will be significantly
associated with the impact of the intervention. Logistic
regression will be used to evaluate the association of poten-
tial moderators (eg, age, number of comorbidities, and sex)
with improvements in outcomes. Interaction terms related to
participant characteristics by treatment arm will be added to
models to discern survivors for whom this intervention is
more effective.

Economic Analysis. Intervention implementation costs and
participants’ health care costs (based on self-reported health
care utilization) will be calculated. The latter will be
compared across arms to determine whether Harvest for
Health leads to health care cost savings. A within-trial cost-
effectiveness analysis79-83 will be conducted to compare
intervention implementation costs net of health care cost
savings with the effectiveness of the intervention measured
by the gain in quality-adjusted life-years derived from the
36-Item Short Form Survey.60,84,85 Incremental cost-
effectiveness ratios will be calculated and compared with
commonly used thresholds (eg, $50,000 per quality-adjusted
life-year)86 to determine whether Harvest for Health is worth
its cost.

Modifications Due to COVID-19
The COVID-19 pandemic necessitated several protocol mod-
ifications to protect study participants, MGs, and study staff,
as well as to provide a means to continue study accrual,
deliver the intervention with fidelity, and perform rigorous
measures that would assure project continuity. For example,
informed consent is no longer obtained using mailed forms,
but rather facilitated by Adobe e-sign. In-person assessments
are largely replaced by virtual visits wherein participants are
asked to recruit a partner to record them as study staff lead
them through anthropometric measures, performance
testing, and blood collection on Zoom Meetings (Zoom) using
password protected log-ins; participants and their partners
are e-mailed 2 video links to view before these sessions
(https://youtu.be/lbxctNuOgLk and https://youtu.be/lBPLS4
PoHv4). Adaptations from in-person to virtual assessments
are detailed in Figure 5,87 and require the following mailed
supplies:
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Table 1. Characteristics of the 9,708 cancer survivors who were contacted for participation in the Harvest for Health randomized
controlled trial: Those who expressed interest vs not and those who were deemed eligible and enrolled vs not

Characteristic

Contacted pool of
cancer survivors
(n [ 9,708)

Cancer Survivors Expressing Interest in
the Intervention vs Unresponsive/

Refused

Cancer Survivors Enrolled vs
Unenrolled in the Randomized

Controlled Trial

Interested
(n [ 1,460)

Unresponsive/
refused
(n [ 8,248) P valuea

Enrolled
(n [ 381)

Unenrolled
(n [ 9,327) P valuea

 �������������
mean (SD)

�������������!  ����
mean (SD)

����!
Age, y 71.5 (7.4) 69.7 (6.7) 71.9 (7.4) <.001 69.8 (6.4) 71.6 (7.4) <.001

 ���������������
% (n)

���������������!  ������
% (n)

������!
Female sex 55.7 (5,407) 63.1 (921) 54.4 (4,486) <.001 69.0 (263) 55.2 (5,144) <.001

Race and ethnicity .009 .79

Non-Hispanic White 78.9 (7,661) 67.9 (991) 80.9 (6,670) 80.6 (307) 78.8 (7,354)

Non-Hispanic Black 17.4 (1,688) 17.7 (259) 17.3 (1,429) 18.4 (70) 17.3 (1,618)

Otherb/refused/missing 3.7 (359) 14.4 (210) 1.8 (149) 1.0 (4) 3.8 (335)

Rural county of residence 29.0 (2,816) 27.9 (408) 29.2 (2,408) .62 26.5 (101) 29.1 (2,715) .28

Cancer type <.001 <.001

Breast 29.7 (2,879) 31.9 (466) 29.3 (2,413) 39.1 (149) 29.3 (2,730)

Prostate 20.0 (1,940) 15.2 (222) 20.8 (1,718) 13.4 (51) 20.3 (1,889)

Colorectal 8.9 (865) 7.0 (102) 9.3 (763) 6.6 (25) 9.0 (840)

Other/missing 41.4 (4,024) 45.9 (670) 40.7 (3,354) 40.9 (156) 41.5 (3,868)

aTest for significance (t test for age or c2 for the other characteristics) for between-group comparisons for interested vs unresponsive/refused and enrolled vs unenrolled (note that for the
comparisons on race and ethnicity that only non-Hispanic White and non-Hispanic Black cancer survivors were compared because the proportion of others/refuse/missing was low; missing
values were excluded from the comparisons of county of residence and of age).
bOther is composed of cancer survivors of Hispanic ethnicity, as well as who identify with racial groups described as Asian, American Indian, or multi-race.
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� 2 ribbons and a felt-tip marker (to measure and mark
waist circumference in duplicate);

� an 8-foot length of cord and 2 stickers (to mark the
distance for the 8-foot walk and up and go perfor-
mance tests);

� 2 plastic orange soccer cones (to increase visualization
of the 8-foot walk course on virtual assessments);

� a 36-inch vinyl tape measure and 1 sticker (to measure
step height for the 2-minute step test);

� a dried blood spot kit, which includes a collection card,
lancet, foil storage pouch, and desiccant (to self-collect
a blood sample); and

� a prepaid, pre-addressed mailer to return the acceler-
ometer, questionnaires (if not completed online), both
ribbons, toenail clippings, fecal wipe, and dried blood
spot card.

Currently, separate validation studies are underway
(including interleukin-6 and tumor necrosis factorea de-
terminations from circulating sera and dried blood spot cards)
and will guide whether data from pree vs posteCOVID-19
cohorts can be combined or require separate analyses.
To promote safety during the gardening intervention,

meet-and-greets were also adapted to Zoom Meetings and
September 2022 Volume 122 Number 9 JO
supplies distributed via “parking lot pick-ups,” in which
masked cancer survivors remain in their vehicles while
masked ACES staff load garden boxes, soil, and other supplies
into their trunks. Also, both MGs and survivors were advised
to restrict in-person meetings solely to outdoor interactions
using ample personal protective equipment and adhering to
social distancing; in-person meetings are advocated only if
both the MG and survivor indicated mutual agreement and
neither are currently COVID-19epositive or eexposed.
RESULTS
As indicated, recruitment for Harvest for Health is now
complete. Figure 1 details the study trajectory from self-
referral or registry ascertainment to study completion.
Notable challenges include outdated status and invalid con-
tact information from registries, as evidenced by statistics
showing that approximately 2% of cancer registry patients
were deceased, approximately 4% had inactive mailing ad-
dresses, and approximately 24% were unreachable by tele-
phone. Of the 13,738 cancer survivors ascertained, verified
contact could only be assured among 9,708 (self-referrals
[326 cases, 2 that could not be verified] þ cancer registry
referrals [13,412 cases e 511 undeliverable/returned letters e
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1639



Table 2. 2020 Extension master gardener national report
overview89

State
Estimated no. of
volunteer hours

Estimated no. of
volunteers
(new/existing/
returning)

Alabama 127,500 1,891

Arizona 29,600 1,003

Arkansas 100,400 3,763

California 328,300 6,200

Colorado 44,300 1,457

Delaware 7,700 237

Florida 156,800 5,257

Georgia 111,100 2,253

Illinois 92,700 3,439

Indiana 98,600 3,120

Iowa 65,800 1,594

Kansas 36,500 640

Kentucky 11,300 1,111

Louisiana 39,800 1,272

Maryland 37,400 2,319

Michigan 51,200 2,677

Minnesota 69,800 3,034

Montana 6,600 434

Nebraska 15,500 782

Nevada 9,000 388

New Hampshire 9,200 621

New Mexico 30,500 1,136

New York 96,900 1,860

North Carolina 109,600 2,978

North Dakota 11,900 262

Oklahoma 36,200 1,521

Oregon 77,600 2,703

Pennsylvania 114,400 3,533

Rhode Island 29,800 702

South Carolina 45,500 898

South Dakota 3,100 385

Tennessee 125,800 3,133

Texas 450,000 7,300

Vermont 6,200 366

Virginia 250,000 5,620

Washington 203,700 4,751

West Virginia 16,200 1,416

Wisconsin 39,300 2,854

Wyoming No data 265
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316 decedents e 1,954 no answer/unverified telephone
numbers e 1,247 disconnected telephones]). Of these cancer
survivors, most refused participation, with leading reasons
for disinterest reported as “physically unable” (18.5%) and
“lack of time” (12.2%) or “lack of space” (7.0%),” although
general disinterest ranked uppermost. Nonetheless, a sub-
stantial proportion (15% response rate) of older cancer sur-
vivors expressed interest in participation and underwent
screening, with roughly two-thirds screening out. Leading
reasons for ineligibility were already vegetable gardening
(41.7%) or exercising (16.2%), or medical exclusions (13.7%).
Throughout the recruitment period, the OCCC-UAB study
team obtained signed consent from 473 eligible older cancer
survivors. However, completion of baseline assessments was
thwarted by natural disasters (2 serious tornado systems and
1 hurricane that ravaged several counties); the 2017-2018
influenza outbreak; and, finally, COVID-19. Altogether these
events caused substantial delays; however, the study is now
in the field and completion is anticipated by June 2022.
Table 1 presents characteristics of those who were interested
in participating in the gardening intervention (vs those who
did not respond or refused), as well as those who screened
eligible and enrolled (vs those who were not enrolled).
The recruitment of MGs is also key to this study and Har-

vest for Health has been buoyed by strong MG support. More
than 300 MGs across the state volunteered to serve as
gardening mentors, with most serving more than 1 year. In
some cases, the number of eligible cancer survivors and the
number of available MGs within a county were misaligned, as
evidenced by very strong MG organizations in some rural
counties that had fairly low numbers of cancer survivors
(especially those who were not already tending vegetable
gardens); however, these discrepancies were fairly rare and
some MGs were willing to travel to adjacent counties that
had more cancer survivors and greater need. A surplus of
additional MGs was helpful in instances when the originally
assigned MG was unable to fulfill the year-long commitment.
MGs in New Mexico and Vermont are already participating in
other home-based or hospital-based vegetable gardening
projects,46,88 and MGs in several other states have expressed
interest (eg, Tennessee and Washington); however, the ca-
pacity to implement vegetable gardening projects rests
largely on MGs’ willingness to volunteer and competing local
priorities. A compilation of the number of MGs for most
states in the United States and their estimated number of
volunteer hours was tabulated from a recent 2020 report
(Table 2).89

DISCUSSION
The Harvest for Health home-based vegetable gardening
intervention represents a novel and multifaceted approach
aimed at improving a triad of important outcomes (ie, PF, V&F
consumption, and PA) among a growing patient population
that is at risk for comorbidity, second cancers, and functional
decline.2-14 Although there have been feasibility studies of
vegetable gardening interventions conducted in commu-
nity35 and home-based settings,47-49 all of which show
promise in affecting lifestyle behaviors and other health
outcomes among cancer survivors, all of these studies have
relied on small samples and are underpowered. The Harvest
for Health RCT described in this article will be the first fully
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powered trial to test the impact of a vegetable gardening
intervention. Similar to other trials,90 recruitment for Harvest
for Health has been costly and labor-intensive. As indicated,
the data on accrual are important to appropriately generalize
the trial outcomes, and data on interest may be useful for
future dissemination beyond the RCT. A significantly higher
proportion of breast cancer survivors, as well as survivors
who were relatively younger and female, expressed interest
and were ultimately enrolled. Although lower positive
response rates were observed among non-Hispanic White
survivors, these differences diminished on enrollment;
moreover, no urban-rural differences were observed with
regard to either levels of interest or enrollment.

CONCLUSIONS
Cancer survivors experience long-term adverse sequelae that
reduce PF and that may negatively impact independent living
and HRQOL. Interventions that are effective, durable, and
disseminable are needed urgently. Results from this study
will provide evidence on the effects of vegetable gardening
among older cancer survivors. If effective, this intervention
could be disseminated broadly. Already Harvest for Health
has been adapted for use in the Southwestern United
States,46 and could lay the groundwork for a pragmatic trial
that is national in scope. The home-based intervention and
the remote-based assessment methods that were adapted in
response to COVID-19 lay the groundwork for dissemination
of this particular intervention and can also be adapted to
expand the reach of other diet-related research projects.
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ABSTRACT
Background Diet, exercise, and weight management are key in improving outcomes
for breast cancer survivors, with international recommendations for cancer survivors
relating to these behaviors. However, few behavioral interventions have reported out-
comes aligned specifically with these recommendations.
Objective To evaluate a remotely delivered weight loss intervention vs usual care for fe-
male breast cancer survivors, on changes in multiple diet and physical activity behaviors.
Design A randomized controlled trial with assessments at study baseline, 6-, 12-, and
18 months (ie, mid-intervention, post-intervention, and non-contact follow-up).
Participants/setting Participants were recruited between October 2012 and December
2014 through hospitals in Brisbane, Australia, and the state-based cancer registry.
Eligible participants (women aged 18 to 75 years with body mass index 25 to 45 kg/m2

who were diagnosed with stage I through III breast cancer during previous 2 years)
were randomly allocated to intervention (n ¼ 79) or usual care (n ¼ 80).
Intervention Participants randomized to the intervention group received 22 counseling
telephone calls targeting diet and physical activity aimed at achieving 5% to 10% weight
loss, and optional text messages, over 12 months. Usual care participants received their
standard medical care and brief feedback following each assessment, which was similar
to that provided to intervention participants with the exception that usual care partici-
pants’ results were not compared with national and study recommendations.
Main outcome measures Dietary intake (24-hour recalls), physical activity (hip-worn
GT3Xþ accelerometer [Actigraph]), sitting time (thigh-worn activPAL3 [PAL Technologies
Limited), and adherence to World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) recommendations for cancer survivors (0 to 7 score)weremeasured
at each assessment, with data collected between November 2012 and October 2016.
Statistical analyses performed Intervention effects were assessed by linear mixedmodels,
accounting for repeated measures and baseline values. Significance was set at P < 0.05.
Results At baseline, participants were aged 55 � 9 years, with a body mass index of
31.4 � 5.0 kg/m2, 10.7 � 5.0 months postdiagnosis, and primarily non-minority. At
baseline, only 8% (n ¼ 12) of participants met �5 out of seven WCRF/AICR recommen-
dations (WCRF/AICR adherence score¼ 3.8� 1.0). At 12 months, significant intervention
effectswere observed inwalking/running (þ21minutes/week; 95% CI 4 to 38) andWCRF/
AICR adherence scores (þ0.3 points; 95% CI 0.0 to 0.6) only. At 18 months, significant
intervention effects were observed for energy intake (e229 kcal/day energy; 95% CIe373
toe84), total fat (e10 g/day; 95% CIe18 toe2), and saturated fat (e5 g/day; 95% CIe9 to
e1), andwere sustained forWCRF/AICR adherence scores (þ0.5 points; 95% CI 0.2 to 0.8).
Conclusions This remotely delivered weight loss intervention led to sustained improve-
ments in WCRF/AICR adherence scores, and some improvements in diet and physical
activity. These findings provide support for the health benefit of programs targeting life-
style behaviors in line with cancer survivor recommendations, and the potential for
disseminationof suchprograms forwomenfollowing treatment forearly-stagebreast cancer.
J Acad Nutr Diet. 2022;122(9):1644-1664.
ª 2022 by the Academy of Nutrition and Dietetics.
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RESEARCH
EMALE BREAST CANCER IS NOW THE MOST
1
 RESEARCH SNAPSHOT

Research Question: Does a 12-month telephone-delivered
weight loss intervention vs usual care for female breast
cancer survivors improve dietary and physical behaviors and
adherence to World Cancer Research Fund/American
Institute for Cancer Research cancer prevention
recommendations?

Key findings: This randomized controlled trial (n ¼ 159)
showed significant (P < 0.05) intervention effects (relative to
usual care) at 12 months for walking/running (þ21 minutes/
week) and World Cancer Research Fund/American Institute
for Cancer Research adherence scores (þ0.3 points) only.
Significant intervention effects were observed for energy
intake (e229 kcal/day), total fat (e10 g/day), saturated fat
(e5 g/day), and World Cancer Research Fund/American
Institute for Cancer Research adherence scores (þ0.5
points), 6 months after intervention contact ceased.
Fcommonly diagnosed cancer worldwide. Advances in
breast cancer detection and treatment, particularly in
high income countries, have led to improved overall

survival;1,2 combined with an ageing population, this has
resulted in an increase of survivors worldwide.3 Despite im-
provements in prognosis, breast cancer survivorship remains
associated with elevated risk of cancer recurrence, second
primary cancers, and comorbid conditions.4-6

Weightmanagement and regular physical activity following
diagnosis are independently associated with reduced risk of
recurrence and second primary cancers, and disease-specific
and all-cause mortality,7-11 with some evidence of indepen-
dent benefits of a healthy diet.12-14 Thus, leading cancer orga-
nizations endorse lifestyle recommendations for cancer
survivors.15-18 Due to the larger body of evidence on primary
cancer prevention and the increased risk of second primary
cancers among cancer survivors, the World Cancer Research
Fund/American Institute for Cancer Research (WCRF/AICR)
Expert Panel recommend that cancer survivors follow their
recommendations for cancer prevention.18 These recommen-
dations are consistent with national dietary and physical ac-
tivity guidelines that target chronic disease risk reduction.19-22

However, most women diagnosed with breast cancer are
overweight or obese at the time of diagnosis,23 and adherence
to dietary and physical activity recommendations—the be-
haviors that also underpinweight management—is poor, with
<50% adherence.24,25

A breast cancer diagnosis is often considered as an
opportune time or teachable moment to improve health-
related behaviors.26 A large body of evidence has shown
that clinic-based exercise trials and home-based physical
activity intervention trials have been effective in improving
exercise parameters and physical activity behaviors.27,28 A
smaller, but growing, body of evidence reports on the effec-
tiveness of dietary-only and weight loss intervention trials in
breast cancer survivors.29-32 However, few of these studies
report systematically (across the range of cancer survivor
recommendations) on the dietary and physical activity
behavior changes underlying weight loss,33-39 and none have
reported on change in adherence to WCRF/AICR
recommendations following intervention. This is an impor-
tant contribution to the literature because greater adherence
(meeting 6þ recommendations vs �4) among female cancer
survivors has been shown to be associated with a decreased
risk of mortality,40 and a reduced risk of metabolic syndrome
in breast cancer survivors.41

The Living Well after Breast Cancer study aimed to evaluate
a remotely delivered weight loss (diet and physical activity)
intervention, compared with usual care, in women following
treatment for breast cancer.42 With weight loss outcomes
reported previously,43 this report focuses on changes in sec-
ondary outcomes: dietary intake, physical activity, sitting
time, and adherence to the WCRF/AICR recommendations.

METHODS
Study Design
The Living Well after Breast Cancer trial was a two-arm ran-
domized controlled trial that evaluateda12-month telephone-
delivered weight loss intervention vs a usual care control
group inparticipants diagnosedwith female breast cancer, and
September 2022 Volume 122 Number 9 JO
included a non-contact follow-up at 18 months to assess
whether changes were sustained.42 Previously reported re-
sults regarding the trial’s primary outcome (weight)43 showed
that the intervention successfully reduced bodyweight (net of
control) at 12months:e3.6 kg (95% CIe5.3 toe1.9) ande4.5%
(95% CI e6.5 to e2.5) of baseline body weight. These im-
provements were largely maintained at 18 months: e2.5 kg
(95% CI e4.4 to e0.6) and e3.1% (95% CI e5.3% to e0.9%).
Ethical approval was granted from the human research

ethics committees of Royal Brisbane and Women’s Hospital
(HREC/12/QRBW/149), Green slopes Private Hospital (12/26),
St Vincent’s Health & Aged Care (13/02); and The University
of Queensland Medical Research Ethics Committee
(2012000944). Written, informed consent was obtained
before study participation. The trial was registered with the
Australian New Zealand Clinical Trials Registry (trial regis-
tration number: ACTRN12612000997853).

Participant Recruitment and Randomization
In brief, 159 participants were enrolled between October
2012 and December 2014 through hospitals in the capital city
(Brisbane, Australia) and a state-based cancer registry (see
the Figure, available at www.jandonline.org). Eligible partic-
ipants were women (as determined by medical records);
aged 18 to 75 years; diagnosed with stage I through III breast
cancer during the previous 2 years; had completed primary
cancer treatment (surgery, chemotherapy, or radiation); and,
had a body mass index (BMI) 25 to 45 kg/m2. The trial was
limited to women because male breast cancer accounts for
<1% of breast cancer cases,44 thus evidence on lifestyle risk
factors and prognosis is primarily limited to female breast
cancer, which may not generalize to men, especially given sex
differences in etiology of the disease.45 Participants were
excluded in the case that they: self-reported medical or
mental health conditions preventing unsupervised exercise,
weight loss, or increased fruit and vegetable consumption
(eg, warfarin); lost 5% or more body weight in the previous 6
months (intentionally or unintentionally); did not speak/read
English; or were unable to travel to the assessment site in
Brisbane for data collection.
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1645
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Following baseline assessment, participants were ran-
domized, using a computer-generated random number
sequence, using uneven block sizes, and allocated 1:1 into the
weight loss intervention or usual care groups, by a staff
member not involved with the study.

Weight Loss Intervention
Detailed methods of this trial have been published.42 The
intervention, entirely telephone-delivered, used a combined
approach of reducing dietary energy intake, increasing
physical activity, and behavioral therapy (ie, use of behavior
change strategies) aimed at achieving 5% to 10% weight loss
during the study period. This target was based on evidence-
based guidelines for cancer survivors17,18 and for over-
weight and obesity.46 Intervention participants received a
workbook and materials (ie, self-monitoring diary, digital
scales, measuring tape, pedometer, and calorie counter book),
motivational interviewing-based47 telephone coaching with a
dietitian trained in motivational interviewing and exercise
promotion, optional supportive text messages, written feed-
back following each assessment, and a newsletter from one of
the national breast cancer organizations. Intervention tele-
phone calls were recorded and were used to assess profi-
ciency in motivational interviewing, with regular feedback
provided by the chief investigators (M.M.R. and E.G.E.). The
trial involved an initial intensive 6-month phase (ie, six
weekly calls, 10 biweekly calls, and optional text messages), a
6-month extended care phase (ie, six monthly calls and
optional text messages), followed by a 6-month noncontact
phase.
Intervention targets for diet included energy restriction of

approximately 500 kcal/day, achieved by prescribing indi-
vidual energy goals between 1,200 and 1,800 kcal/day, based
on age and baseline weight.48 Other dietary targets, consis-
tent with dietary recommendations for cancer survivors17,18

and weight management,46 were: total fat <30% of energy,
saturated fat <7% of energy, �5 vegetable servings/day, �2
fruit servings/day, �25 g/day dietary fiber; and, limiting
alcohol to one standard drink per day with at least two
alcohol-free days per week. Intervention strategies focused
on self-monitoring of food and energy, portion control, and
reducing energy density.
Intervention targets for physical activity were consistent

withphysical activity recommendations forcancer survivors15-
18 andweight loss andweight lossmaintenance.49 Targetswere
two to three sessions of resistance exercise perweek and�210
minutes/week of planned, moderate-vigorous intensity phys-
ical activity (MVPA), such as brisk walking, starting at 30 mi-
nutes per day and increasing to 45 to 60 minutes per day if
possible. Other targets were 10,000 steps/day, increasing inci-
dental/everyday activity (eg, gardening, using stairs), and
reducing sitting time (ie, limiting sitting bouts to�30minutes
and limiting screen time outside of work to <2 hours/day). In
addition, behavior change strategies used to guide the inter-
ventionwere based on Social Cognitive Theory, which empha-
sizes building confidence (self-efficacy) through incremental,
achievable goals.50

Usual Care
Usual care participants continued to receive their standard
medical care, and were mailed brief feedback following each
1646 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
study assessment, and a newsletter from one of the national
breast cancer organizations. The brief feedback was similar to
that provided to intervention participants with the exception
that usual care participants’ results are not compared with
national and study recommendations.
Data Collection
All assessments were conducted at baseline, 6, 12, and 18
months between November 2012 and October 2016, by
research staff blinded to participants’ study group assign-
ment. Information on participants’ age (from date of birth)
and breast cancer diagnosis was collected from cancer reg-
istry pathology records. Cancer treatment, comorbidity, and
demographic characteristic data were collected at baseline
via telephone interviews, which included one of the 24-hour
dietary recalls conducted by a trained staff member. Comor-
bidities were assessed using the Charlson Comorbidity Index
based on self-reported diagnosis of the 12 of 13 individual
comorbidities with the addition of hypertension.51 Informa-
tion on prior use of weight loss aids (eg, meal replacements)
also was collected during baseline telephone interviews.
Participants self-reported their highest educational level,
employment status, household income, marital status,
whether they had children younger than age 18 years at
home, smoker status, and ethnic origin52 (White/Caucasian,
Aboriginal or Torres Strait Islander, Asian, Middle Eastern,
Pacific Islander, South American/Spanish-Latino descent, or
other).
Weight was measured at the body composition laboratory

located at a local Brisbane hospital to the nearest 0.1 kg,
without shoes or heavy clothing, using digital scales (Tanita
BWB-600; Wedderburn Scales). At baseline only, height was
measured in duplicate to the nearest 0.1 cm using a stadi-
ometer (Magnimeter; Raven Equipment). The clinical
assessment was conducted by a trained body composition
technician.
Dietary intake was assessed by two unprompted 24-hour

recalls (one weekday and one weekend day), using the 5-
stage multiple-pass method53 conducted by trained asses-
sors via telephone. A food model booklet assisted with esti-
mating portion sizes. Reliability and validity of the 24-hour
recall methodology has been demonstrated previously.53,54

FoodWorks Professional Edition55 nutrition analysis soft-
ware was used to determine daily dietary intakes of total
energy, total fat, saturated fat, fiber, and alcohol from each
dietary recall, which were then simply averaged across re-
calls. Total energy intakes between 500 and 3500 kcal/day
were considered valid.56 Fiber was adjusted for total energy
intake using the residuals method.57 As recommended in the
literature58,59 and consistent with current recommenda-
tions,18 energy density was primarily calculated from foods
only, but also from all foods and all beverages. Food-only
energy density was based on the energy obtained from and
weight of all solid foods and/or semisolid or liquid foods (eg,
soups and meal replacement shakes), not including caloric
and noncaloric beverages (eg, water, tea, coffee, milk, juices,
soft drinks, and alcoholic drinks). To calculate energy density
(kcal/100 g/day), daily energy intake was divided by the total
weight (in grams) of the relevant foods and/or beverages,
then multiplied by 100. Energy density of all foods and
beverages was calculated similarly, based on the energy
September 2022 Volume 122 Number 9
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obtained from all food and beverages (no exclusions)
consumed and the total weight of these. Fruit and vegetable
intake (in grams or servings) were not available readily from
the 24-hour dietary recall data, and thus two items routinely
used in Australia for reporting prevalence of fruit and vege-
table intake were used60 (explicitly excluding fruit juice).
These short items have demonstrated reliability and validity
assessed against blood biomarkers (ie, serum carotenoids and
red-cell folate).60

Physical activity was measured by the hip-worn GT3Xþ
accelerometer (Actigraph). Actigraph GT3Xþ accelerometer-
derived measures have demonstrated acceptable relative
validity compared with oxygen consumption.61 Participants
were asked to wear the monitor for 7 consecutive days dur-
ing waking hours (except during water-based activities), and
to record sleep/wake and wear/removal times. Reporting of
methods and data processing is outlined in Table 1 (available
at www.jandonline.org).62

Non-wear time was removed using the Choi algorithm66

and any wear during sleep was removed based on self-
report sleep times. MVPA was identified by the Freedson
method as time spent at �1,952 counts/minute on the ver-
tical axis64 on valid days (ie, �10 hours of wear, no excessive
counts �20,000 counts/minute). Walking and running and
lifestyle activities at a moderate or higher energy expenditure
level of �3 metabolic equivalents of task, were identified
using Crouter’s revised two-step regression model.65 Mean
daily values were multiplied by seven to generate weekly
estimates. Total accelerometer counts per day were examined
as a measure of overall activity and calculated as averages of
total counts across valid day, adjusted for wear time via the
residuals method.57 Physical activity also was self-reported
using the Active Australia Survey,71 a valid and reliable
eight-item questionnaire that assesses time spent in various
activities over the past week,72 and was used for the WCRF/
AICR score.
Sitting/lying time was measured by the highly accurate68

thigh-worn activPAL3 monitor (PAL Technologies Limited).
Participants were instructed to wear the monitor continu-
ously (24 hours/day) for 7 days and to record sleep/wake and
wear/removal times. Data were processed using common
practices73 as outlined in Table 1 (available at www.
jandonline.org). Total sitting/lying time excluding sleep and
non-wear (referred hereafter as sitting time) was calculated
each day, then averaged across valid days (ie, �10 hours and
�80% of waking hours, or �80% of waking hours if the
participant reported being awake for <10 hours). Sitting time
was adjusted for wear time using the residuals method.57
WCRF/AICR Score
Consistent with previously reported scoring,40,74 a WCRF/
AICR adherence score (0 to 7), reflecting concordance with
the 2007 WCRF/AICR guidelines, was constructed using par-
ticipants’ weight and dietary and physical activity data
(Table 2).
Of the eight recommendations, seven were relevant to and

collected by the intervention reported here: weight status;
physical activity; foods and drinks that promote weight gain;
plant foods; animal foods; alcoholic drinks; and preservation,
processing, and preparation of foods. Participant behaviors
were classified as adherent, partiallyadherent, or nonadherent
September 2022 Volume 122 Number 9 JO
torecommendations,basedonquantitativecriteriaprovided in
WCRF/AICR recommendations whenever possible18 or based
on other evidence from previous studies.40,74,75,77When a sin-
gle recommendation was made (eg, weight status), non-
adherencescored0,partial adherencescored0.5, andcomplete
adherence scored 1.40,74 When recommendations involved
subrecommendations (eg, physical activity consisting of phys-
ical activity and sitting), the overall recommendation also
assigned a score of zero to 1 by scoring each of the sub-
recommendations and taking a simple average. The total score
for the seven items was used to calculate a WCRF/AICR adher-
ence score that can range from zero to 7, with a higher score
indicating greater adherence. Adherence scores were only
calculated for participants with complete data.

Sample Size
Apriori, the sample sizewaschosen toprovide90%power (with
a ¼ .05, two-tailed), allowing for 20% attrition, to detect a dif-
ferencebetweengroupsat12monthsintheprimaryoutcomeof
�5% of initial body weight.42 This was determined to provide
80%power(a¼ .05)todetectdifferencesinsecondaryoutcomes
of 0.5 standard deviations (SD),42 corresponding to minimum
detectable differences of: 250 kcal/day energy; 14 g/day total
fat;6g/daysaturatedfat;3g/dayfiber;19kcal/100g/dayenergy
density;0.5servings/day fruit;0.7servings/dayvegetables;6g/
day alcohol; 45,000 activity counts/day; 54 minutes/week
MVPA; 40minutes/weekwalking/running; 155minutes/week
lifestyle activity; 50minutes/daysitting; and, 0.5 pointsWCRF/
AICR score. Although the secondary outcomes in this study do
not have well-established minimum clinically important dif-
ferences, thedetectabledifferences (0.5SD)areconsistentwith
medium effect sizes,79 and some effects nominated as of inter-
est inotherlifestyle interventions:0.5dailyservingsof fruitand
vegetables; 30minutes/day physical activity; and, 45minutes/
day sitting.80,81 Effect sizes<0.5 SD are described as small.79

Statistical Analysis
Analyses were performed in SPSS82 and STATA.83 Significance
was set at P < 0.05 (two-tailed; no multiple comparison
adjustments). Baseline characteristics of participants are re-
ported for each group, and compared among those who
completed the diet, physical activity, and sitting assessments
at each follow-up time point vs those with missing data; any
differences �10% are noted even when nonsignificant.
Changes within groups and intervention effects were

examined in linear mixed models, with statistical adjustment
for baseline values and any potential confounders meeting an
a priori selection criterion.42 The criterion was that age,
chemotherapy treatment, endocrine treatment, surgery type,
education level, and employment status would be adjusted
for in the case that these differed between groups at baseline
at P < 0.001; however, none of these potential confounders
differed. Monitor-derived outcomes would also adjust for
compliance indicators (wear days, waking wear time per day)
in the case that the adjustment yields a change in estimate of
�10% for intervention effects; however, neither compliance
indicator met this criterion. Models showed no evidence of
collinearity (Variance inflation factor) or nonlinearity. MVPA
and alcohol intake were log transformed to reduce non-
normality; other models appeared to be normally distributed
and displayed no heteroscedasticity. Mean change within
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Table 2. WCRF/AICRa recommendations for cancer prevention, operationalization of the WCRF/AICR score, and baseline
adherence of the Living Well after Breast Cancer study sample (n ¼ 159 female breast cancer survivors from Brisbane, Australia;
data collected between 2012 and 2016)

Recommendations Operationalization Scoring
Adherence at
baseline n (%)

WCRF/AICR recommendations for cancer prevention

1. Weight status: Be as lean as
possible within the normal
range of body weight

1a) Ensure that body weight through
childhood and adolescent growth
projects towards the lower end of
the normal BMIb range at age 21 y

1b) Maintain body weight within the
normal range from age 21 y

1c) Avoid weight gain and increases in
waist circumference throughout
adulthood

1a) Insufficient data
available

1b) BMI (kg/m2)c

18.5e24.9 1 3 (1.9)
25e29.9 0.5 75 (47.2)
<18.5 or �30 0 81 (50.9)
1c) Insufficient data
available

2. Physical activity: Be physically
active as part of everyday life

2a) Be moderately physically active,
equivalent to brisk walking, for �30
min/d.

2b) As fitness improves, aim for �60
min/d of moderate, or for �30 min/
d of vigorous, physical activity.

2c) Limit sedentary habits such as
watching television.

2a) Physical activity
(min/d):cd

�30 1 43 (27.0)
15e29 0.5 46 (28.9)
<15 0 70 (44.0)
2b) Insufficient data
available

2c) Sitting time (h/d):efg

�5 1 1 (0.6)
>5 to <8 0.5 46 (28.9)
�8 0 110 (69.2)

3. Foods and drinks that
promote weight gain: Limit
consumption of energy-
dense foods; avoid sugary
drinks

3a) Consume energy-dense foods
sparingly

3b) Avoid sugary drinks
3c) Consume fast foods sparingly,
if at all

3a) Energy density
(kcal/100g/d):c

�125 1 38 (23.9)
>125 to <175 0.5 65 (40.9)
�175 0 56 (35.2)
3b) Sugary drink intake
(g/d):hi

0 1 97 (61.0)
�250 0.5 36 (22.6)
>250 0 26 (16.4)
3c) Overlapping category
with energy-dense
foods

N/Aj

4. Plant foods: Eat mostly foods
of plant origin

4a) Eat at least 5 portions/servings/d
(at least 400 g or 14 oz) of a variety of
nonstarchy vegetables and of fruits
every day

4b) Eat relatively unprocessed cereals
(grains) and/or pulses (legumes)
with every meal

4c) Limit refined starchy foods.
4d) People who consume starchy
roots or tubers as staples also to
ensure intake of sufficient

4a) Fruit and vegetable
intake (servings/d):c

�5 1 77 (48.4)
2.5 to <5 0.5 68 (42.8)
<2.5 0 14 (8.8)
4b) Dietary fiber intake
(g/d):c

�25 1 31 (19.5)
12.5 to <25 0.5 107 (67.3)
<12.5 0 21 (13.2)
4c) Insufficient data
available

N/A

(continued on next page)
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Table 2. WCRF/AICRa recommendations for cancer prevention, operationalization of the WCRF/AICR score, and baseline
adherence of the Living Well after Breast Cancer study sample (n ¼ 159 female breast cancer survivors from Brisbane, Australia;
data collected between 2012 and 2016) (continued)

Recommendations Operationalization Scoring
Adherence at
baseline n (%)

nonstarchy vegetables, fruits, and
pulses (legumes)

4d) Insufficient data
available

N/A

5. Animal foods: Limit intake of
red meat and avoid
processed meat

5a) People who eat red meat to
consume <500 g/wk (18 oz), very
little if any to be processed

5a) Red (g/wk) and
processed meat (g/d)
intake:kl

<500 and <3 1 43 (27.0)
<500 and 3 to <50 0.5 47 (29.6)
�500 or �50 0 69 (43.4)

6. Alcoholic drinks: Limit
alcoholic drinks

6a) If alcoholic drinks are consumed,
limit consumption to no more than
2 drinks a day for men and 1 drink a
day for women

6a) Ethanol intake (g/d):c

�10 1 116 (73.0)
>10-20 0.5 28 (17.6)
>20 0 15 (9.4)

7. Preservation, processing,
preparation: Limit
consumption of salt; avoid
moldy cereals (grains) or
pulses (legumes)

7a) Avoid salt-preserved, salted, or
salty foods; preserve foods without
using salt

7b) Limit consumption of processed
foods with added salt to ensure an
intake of <6 g/d (2.4 g sodium)

7c) Do not eat moldy cereals (grains)
or pulses (legumes)

7a) Insufficient data
available

N/A

7b) Sodium intake (g/d):m

<2.4 1 108 (67.9)
2.4-3.6 0.5 37 (23.3)
>3.6 0 14 (8.8)
7c) Insufficient data
available

N/A

8. Dietary supplements: Aim to
meet nutrition needs through
diet alone

8a) Dietary supplements are not
recommended for cancer
prevention

8a) Insufficient data
available

N/A

WCRF/AICR special recommendations

1. Breastfeeding: Mothers to
breastfeed; children to be
breastfed

S1a) Aim to breastfeed infants
exclusively up to 6 mo and continue
with complementary feeding
thereafter

S1a) Insufficient data
available

N/A

2. Cancer survivors: Follow the
recommendations for cancer
prevention

S2a) All cancer survivors to receive
nutrition care from an appropriately
trained professional

S2b) If able to do so, and unless
otherwise advised, aim to follow the
recommendations for diet, healthy
weight, and physical activity

S2a) Insufficient data
available

N/A

S2b) As operationalized
above

N/A

aWCRF/AICR ¼ World Cancer Research Fund and American Institute for Cancer Research.
bBMI ¼ body mass index.
cCriteria for score was constructed by using quantitative criteria provided in the WCRF/AICR recommendations.18
dMeasured by the Active Australia Survey.72
eCriteria for score was constructed guided by available literature.75,76
fMeasured by the activPAL3 device.69
gMissing data: n ¼ 1 (weight loss intervention); n ¼ 1 (usual care).
hSugary drinks included soft drinks (not diet), energy drinks, sports drinks, sweetened iced tea, flavored water, cordial (a nonalcoholic concentrated drink that is diluted in water before
drinking), and all fruit and vegetable juice.74
iCriteria for score was constructed guided by available literature.40
jN/A ¼ not applicable.
kMeat from mixed dishes was included by assuming that it accounted for one quarter of the total weight of the dish.77
lProcessed meats refer to red meat that is preserved by smoking, curing or salting, or addition of chemical preservatives (eg, nitrites/nitrates).18
mCriteria for score was constructed guided by available literature.78
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groups and mean differences between groups with 95% CI
and P value are reported.
Alcohol intake remained highly nonnormal following log

transformation. A sensitivity analysis examined the odds of
consuming >10 vs �10 g/day alcohol, using repeated mea-
sures logistic regression models (generalized estimating
equations), with results reported as differences between
groups (odds ratios [ORs]) with 95% CI and P value. Results
from mixed models were based on all available data (evalu-
able cases). Multiple imputation analyses also were con-
ducted for all outcomes to evaluate the sensitivity of results
to assumptions regarding missing data (STATA’s MI impute
chained command), with m ¼ 80 imputations (sufficient to
cover the fraction of missing information). Imputation
models included all variables in the analytic models, pre-
dictors of the outcome and predictors of missing data.

RESULTS
Participant Characteristics
At baseline, participants (n ¼ 159) had a mean age of 55 � 9
years and BMI of 31.4 � 5.0 kg/m2 and were on average 11
months postdiagnosis (Table 3).
Baseline characteristics of the sample resembled the

Australian female breast cancer population in terms of cancer
stage,44 education, employment, and marital status,85 but the
sample tended to be younger than the population (averaging
age 61 years at diagnosis).44 Intervention and usual care
participants did not differ significantly in their demographic,
breast cancer, and treatment-related attributes (Table 3).
There was a nonsignificant tendency (�10% difference) for
intervention participants (relative to usual care) to be less
likely to have children younger than age 18 years living at
home, and more likely to be postmenopausal and have a
higher tumor grade.
All three diet and activity follow-up assessments (6, 12, and

18 months) were completed by 74% of participants (n ¼ 117),
with no significant difference (P ¼ 0.208) between inter-
vention (79%, n ¼ 62) and usual care (69%, n ¼ 55). The extent
of missing data were similar for dietary, physical activity, and
sitting outcomes (at 23%, 24%, and 25%, respectively)
compared with overall missing data (26%). Compared with
those with complete data on all outcomes at all time points,
participants with missing data were more likely to have
lower income (P ¼ 0.003), been diagnosed with hormone
receptor positive and human epidermal growth factor re-
ceptor 2 positive breast cancer (vs hormone receptor positive
and human epidermal growth factor 2 negative; P ¼ 0.047),
had a mastectomy (P ¼ 0.024), previously used weight loss
aids (P ¼ 0.036), and be more physically active (P ¼ 0.046)
(Table 4).
There was also a nonsignificant tendency (�10%), for

noncompleters (relative to completers) to have children
younger than age 18 years living at home, a higher tumor
stage, positive nodes, received more breast cancer treat-
ments, no comorbidities, and to engage in more walking/
running physical activity.

Baseline Adherence to Recommendations
Approximately 70% of participants met the recommendations
to limit consumption of alcohol and sodium at study baseline.
1650 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
Fewer than half met the remaining five recommendations
(weight status, physical activity, foods and drinks that pro-
mote weight gain, plant foods, and animal foods) (Table 2).
Close to 80% of participants adhered to three or fewer of the
seven recommendations, and only 12 (8%) participants met
five or six recommendations; no participants adhered to all
recommendations (Table 2). Baseline WCRF/AICR scores, di-
etary intake, and physical activity did not differ significantly
between study groups (Table 5), with the exception of
approximately a half hour difference in daily sitting time (P ¼
0.044). Both groups had moderate levels of MVPA (averaging
just over 2 hours per week) and high levels of sitting time
(averaging approximately 9 hours daily).

Change in Dietary Intake
Intervention participants significantly improved in multiple
dietary outcomes, whereas usual care participants improved
significantly only in vegetable intake at 6 months and energy
intakeandalcoholat12months,andneithergroupsignificantly
worsened in any dietary outcome (Table 5). Statistically signif-
icant intervention effects (intervention ‒ usual care) were
observed at 6 months for daily energy (e137 kcal/day, 95% CI
e265 to e9; P ¼ 0.036), total fat (e9.6 g/day, 95% CI e17.2 to
e2.0;P¼0.013)andsaturatedfat intakeonly(e4.3g/day,95%CI
e7.7 to e0.9; P ¼ 0.013), all of which favored the intervention
and remained significant and of similar or strongermagnitude
at 18 months (Table 5). Intervention effects were all small and
nonsignificant for fiber, energy density, fruit or vegetables, or
alcohol. Excluding beverages from energy density calculations
did not alter study conclusions, with intervention effects on
energy density of all foods and beverages resembling the food-
onlyresultsat6months(e10kcal/100g/day,95%CIe21to0;P¼
0.055), 12 months (e1 kcal/100 g/day, 95% CI e14 to 11; P ¼
0.819), and 18months (e9 kcal/100 g/day, 95% CIe21 to 4; P¼
0.178).

Change in Physical Activity and Sitting
The intervention group significantly improved only in overall
activity (activity counts) only at 6 months, whereas the
control group significantly improved only in lifestyle activity
(only at 12 months) (Table 5). A statistically significant
intervention effect was observed at 12 months for walking/
running (21.2 minutes/week, 95% CI 4.4 to 38.0; P ¼ 0.013),
which occurred with intervention participants maintaining
activity and controls decreasing (e12.0 minutes/week, 95% CI
e21.1 to e2.9; P ¼ 0.010). All of the other intervention effects
on physical activity and sitting were not statistically signifi-
cant. In direction, the intervention effects tended to favor the
intervention group to a small degree (higher total MVPA,
walking/running, and daily activity counts, and lower sitting),
but not at all assessments and not for lifestyle activity (which
tended to be higher in the control group at all assessments,
by z20 to 60 minutes/week).

Change in WCRF/AICR Score
Statistically significant intervention effects on WCRF/AICR
adherence scores were observed at all follow-up assess-
ments, ranging from 0.3 points at 12 months to 0.5 points at 6
and 18 months. Sizeable and statistically significant im-
provements within the intervention group were observed at
September 2022 Volume 122 Number 9



Table 3. Baseline characteristics of Living Well after Breast Cancer study participants (n ¼ 159 female breast cancer survivors
recruited from Brisbane, Australia; data collected between 2012 and 2016) randomized to the weight loss intervention (n ¼ 79)
and usual care (n ¼ 80)

Characteristic All (n [ 159) Intervention (n [ 79) Usual care (n [ 80)a

Demographic

 ����������������
mean � standard deviation

����������������!
Age at study baseline (y) 55.4 � 9.2 55.9 � 9.1 54.9 � 9.3

Weight (kg) 83.8 � 13.9 83.9 � 14.2 83.6 � 13.6

BMI (kg/m2)b 31.4 � 5.0 31.4 � 4.9 31.3 � 5.2

 �������������������������
n (%)

������������������������!
Has children <18 y at home 33 (20.8) 12 (15.2) 21 (26.3)

Highest education level

High school or less 64 (40.3) 32 (40.5) 32 (40)

Trade/technical 37 (23.3) 16 (20.3) 21 (26.3)

University or higher 58 (36.5) 31 (39.2) 27 (33.8)

Employment status

Full-time, part-time, or casual 94 (59.1) 50 (63.3) 44 (55)

Retired 34 (21.4) 19 (24.1) 15 (18.8)

Other 31 (19.5) 10 (12.7) 21 (26.3)

Gross household income ($AUDc)

<$1,578 weeklycd 71 (44.7) 37 (46.8) 34 (42.5)

�$1578 weeklyc 71 (44.7) 33 (41.8) 38 (47.5)

Not known/reported 17 (10.7) 9 (11.4) 8 (10)

Married or living together 110 (69.2) 54 (68.4) 56 (70)

Smoker statuse

Never smoker 92 (57.9) 51 (64.6) 41 (51.3)

Exsmoker 7 (4.4) 2 (2.5) 5 (6.25)

Current smoker 60 (37.7) 26 (32.9) 34 (42.5)

Ethnic origin (White)fg 156 (98.1) 78 (98.7) 78 (97.5)

Breast cancer and treatment-related

 ����������������
mean � standard deviation

����������������!
Time since diagnosis (mo) 10.7 � 5.0 10.7 � 4.8 10.8 � 5.3

 ������������������������
n (%)

������������������������!
Menopausal status at diagnosis

Premenopausal 59 (37.1) 28 (35.2) 31 (38.8)

Perimenopausal 21 (13.2) 6 (7.6) 15 (18.8)

Postmenopausal 79 (49.7) 45 (57) 34 (42.5)

Tumor stageh

I 86 (54.4) 40 (50.6) 46 (58.2)

II 54 (34.2) 30 (38) 24 (30.4)

III 18 (11.4) 9 (11.4) 9 (11.4)

Tumor gradegh

1 29 (18.2) 16 (20.3) 13 (16.3)

2 79 (49.7) 32 (40.5) 47 (58.8)

3 47 (29.6) 28 (35.4) 19 (23.8)
(continued on next page)
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Table 3. Baseline characteristics of Living Well after Breast Cancer study participants (n ¼ 159 female breast cancer survivors
recruited from Brisbane, Australia; data collected between 2012 and 2016) randomized to the weight loss intervention (n ¼ 79)
and usual care (n ¼ 80) (continued)

Characteristic All (n [ 159) Intervention (n [ 79) Usual care (n [ 80)a

Ungradable/missing 4 (2.5) 3 (3.8) 1 (1.3)

Tumor receptor statusi

ERj/PRk þ /ERþ only/ PRþ only 139 (88.5) 67 (85.9) 72 (91.1)

Both negative 18 (11.5) 11 (13.9) 7 (8.9)

Type of surgeryh

Breast conserving 98 (62) 49 (62.1) 49 (62)

Mastectomy 60 (38) 30 (38) 30 (37.9)

Breast cancer treatments

Surgery only 10 (6.3) 4 (5.1) 6 (7.5)

Surgery and chemotherapy 23 (14.5) 12 (15.2) 11 (13.8)

Surgery and radiation 50 (31.5) 27 (34.2) 23 (28.8)

Surgery, chemotherapy, and radiation 76 (47.8) 36 (45.6) 40 (50)

WCRF/AICRl recommendations

No. of WCRF/AICRm recommendations metn

0 4 (2.6) 4 (5.1) 0 (0)

1 26 (16.6) 11 (14.1) 15 (19)

2 55 (35) 26 (33.3) 29 (36.7)

3 39 (24.8) 19 (24.4) 20 (25.3)

4 21 (13.4) 12 (15.4) 9 (11.4)

5 8 (5.1) 5 (6.4) 3 (3.8)

6 4 (2.6) 1 (1.3) 3 (3.8)

7 0 (0) 0 (0) 0 (0)

 ����������������mean � standard deviation����������������!
WCRF/AICR adherence score 3.8 � 1.0 3.8 � 0.9 3.8 � 1.1

aNot significantly different to intervention participants at P < 0.05 (t test comparing mean � standard deviation or c2 test comparing n [%]).
bBMI ¼ body mass index.
cAUD ¼ Australian dollar; the approximate conversion factor for AUD to USD is 0.70 equating to <USD $1,105 and �USD $1,105.
dThreshold indicates top 40%/bottom 60% of Australian population household incomes.84
eEx- and current smoker categories collapsed for testing.
fc2 comparison not valid (inadequate expected frequencies).
gEthnic origin of participants not identifying as White: Pacific Islander, n ¼ 1 (usual care); Asian, n ¼ 1 (intervention); or Other (not specified), n ¼ 1 (usual care).
hExcludes missing data: n ¼ 1 (usual care).
iExcludes missing data: n ¼ 1 (intervention) and n ¼ 1 (usual care).
jER ¼ estrogen receptor.
kPR ¼ progesterone receptor.
lWCRF/AICR ¼ World Cancer Research Fund and American Institute for Cancer Research.
mExcludes missing data: n ¼ 1 (intervention) and n ¼ 1 (usual care).
nMet recommendation refers to complete adherence to WCRF/AICR recommendation/all subrecommendations.
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each time point (Table 5), whereas changes in the usual care
group were small and statistically nonsignificant.

Sensitivity Analyses
Analyses based on multiply-imputed data yielded the same
conclusions and similar effect sizes to the evaluable case ana-
lyses (Table 6, available at www.jandonline.org). As per the
intervention effects on mean alcohol, the odds of high vs low
alcohol intake (>10 vs�10 g/day) also showed only small and
nonsignificant differences between intervention and control
1652 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
groupsat6months (OR0.7,95%CI0.3 to1.6);12months (OR1.2,
95% CI 0.5 to 2.9); and 18months (OR 0.7, 95% CI 0.3 to 1.7).

DISCUSSION
Guidelines for body weight, physical activity, and dietary
intake have been recommended for cancer survivors based
on a growing body of evidence, particularly around cancer
prevention.18 Adherence across these recommendations
including attainment of such recommendations in the
context of multibehavior intervention trials has been poorly
September 2022 Volume 122 Number 9
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Table 4. Baseline characteristics of Living Well after Breast Cancer trial participants (n ¼ 159 female breast cancer survivors
recruited from Brisbane, Australia, between 2012 and 2014) and by those who completed all three (6, 12, and 18 month) diet (24-
hour recall) and activity (GT3Xþ [Actigraph]63 and activPAL3 [PAL Technologies Limited]68) follow-up assessments (n ¼ 117), and
those who did not (n ¼ 42)a

Characteristic All (n [ 159) Completer (n [ 117) Noncompleter (n [ 42) P value

Demographic

 ���������������
mean � standard deviation

����������������!
Age (y) 55.4 � 9.2 56.1 � 8.9 53.5 � 9.8 0.121

Weight (kg) 83.8 � 13.9 85.8 � 14.1 83.8 � 13.9 0.265

BMIb 31.4 � 5.0 31.3 � 5.1 31.6 � 4.8 0.686

 ������������������������
n (%)

������������������������!
Has children <18 y at home 33 (20.8) 20 (17.1) 13 (31.0) 0.075

Highest education level

High school or less 64 (40.3) 46 (39.3) 18 (42.9) 0.672

Trade/technical 37 (23.3) 26 (22.2) 11 (26.2)

University or higher 58 (36.5) 45 (38.5) 13 (31.0)

Employment status

Full-time, part-time, or casual 94 (59.1) 68 (58.1) 26 (61.9) 0.668

Retired 34 (21.4) 27 (23.1) 7 (16.7)

Other 31 (19.5) 22 (18.8) 9 (21.4)

Gross household income ($AUDc) 0.003

<$1,578 weeklyd 71 (44.7) 48 (41.0) 23 (54.8)

�$1,578 weekly 71 (44.7) 52 (44.4) 19 (45.2)

Not known/reported 17 (10.7) 17 (14.5) 0 (0.0)

Married or living together 110 (69.2) 83 (70.9) 27 (64.3) 0.441

Smoker status 0.857

Never 92 (57.9) 67 (57.3) 25 (59.5)

Current/exsmoker 67 (42.1) 50 (42.7) 17 (40.5)

Ethnic origin (White) 156 (98.1) 115 (98.3) 41 (97.6) > 0.999

Breast cancer and treatment-related

 ���������������mean � standard deviation����������������!
Time since diagnosis (mo) 10.7 � 5.0 10.7 � 4.9 10.7 � 5.3 0.953

Menopausal status at diagnosis 0.862

 ������������������������n (%)������������������������!
Premenopausal 59 (37.1) 42 (35.9) 17 (40.5)

Perimenopausal 21 (13.2) 16 (13.7) 5 (11.9)

Postmenopausal 79 (49.7) 59 (50.4) 20 (47.6)

Tumor stagee 0.288

I 86 (54.4) 68 (58.1) 18 (43.9)

II 54 (34.2) 37 (31.6) 17 (41.5)

III 18 (11.4) 12 (10.3) 6 (14.6)

Tumor gradeef 0.661

1 29 (18.2) 19 (16.2) 10 (23.8)

2 79 (49.7) 58 (49.6) 21 (50.0)

3 47 (29.6) 37 (31.6) 10 (23.8)
(continued on next page)
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Table 4. Baseline characteristics of Living Well after Breast Cancer trial participants (n ¼ 159 female breast cancer survivors
recruited from Brisbane, Australia, between 2012 and 2014) and by those who completed all three (6, 12, and 18 month) diet (24-
hour recall) and activity (GT3Xþ [Actigraph]63 and activPAL3 [PAL Technologies Limited]68) follow-up assessments (n ¼ 117), and
those who did not (n ¼ 42)a (continued)

Characteristic All (n [ 159) Completer (n [ 117) Noncompleter (n [ 42) P value

Ungradable/missing 4 (2.5) 3 (2.6) 1 (2.4)

Tumor receptor statusg 0.427

ERh/Piþ/ERþ only/PRþ only 139 (88.5) 102 (87.2) 37 (92.5)

Both negative 18 (11.5) 15 (12.8) 3 (7.5)

Breast cancer subtype 0.047

HRjþ and HERk2e 121 (76.1) 93 (79.5) 28 (66.7)

HRe and HER2e 15 (9.4) 12 (10.3) 3 (7.1)

HRþ and HER2þ 18 (11.3) 8 (6.8) 10 (23.8)

HRe and HER2þ 2 (1.3) 2 (1.7) 0 (0.0)

Unknown 3 (1.9) 2 (1.7) 1 (2.4)

Positive nodese 50 (31.7) 33 (28.2) 17 (41.5) 0.123

Type of surgery (mastectomy)e 60 (38.0) 38 (32.5) 22 (53.7) 0.024

Breast reconstruction surgery 13 (8.2) 7 (6.0) 6 (14.3) 0.105

Breast cancer treatment received 0.057

Surgery only 10 (6.3) 6 (5.1) 4 (9.5)

Surgery and chemotherapy 23 (14.5) 20 (17.1) 3 (7.1)

Surgery and radiation 50 (31.5) 41 (35.0) 9 (21.4)

Surgery, chemotherapy, and radiation 76 (47.8) 50 (42.7) 26 (61.9)

Hormone therapy 113 (71.1) 83 (70.9) 30 (71.4) > 0.999

Lymphedema at diagnosis 23 (14.5) 15 (12.8) 8 (19.1) 0.318

Other health-related

Type 2 diabetes 8 (5.0) 7 (6.0) 1 (2.4) 0.682

Charlson Comorbidity Index category 0.304

0 98 (61.6) 68 (58.1) 30 (71.4)

1 31 (19.5) 25 (21.4) 6 (14.3)

�2 30 (18.9) 24 (20.5) 6 (14.3)

Behavioral

Prior use of weight loss aids 30 (18.9) 17 (14.5) 13 (31.0) 0.036

Outcome variables

 ���������������mean � standard deviation����������������!
Energy intake (kcal/d) 1687 � 498 1676 � 483 1718 � 541 0.642

Total fat (g/d) 65.2 � 27.9 64.4 � 26.4 67.3 � 31.9 0.563

Saturated fat (g/d) 26.4 � 12.5 26.4 � 12.5 26.2 � 12.7 0.906

Fiber (g/d) 19.8 � 6.3 19.9 � 5.9 19.5 � 7.3 0.751

Energy density (kcal/100g/d)l 156 � 37 156 � 35 156 � 44 0.947

Fruit (servings/d) 1.6 � 1.0 1.5 � 1.0 1.7 � 0.9 0.338

Vegetables (servings/d) 3.1 � 1.4 3.1 � 1.2 3.0 � 1.6 0.717

Alcohol (g/d) 6.9 � 11.6 8.0 � 12.8 3.9 � 6.4 0.869

Activity counts (1000 counts/d) 246.1 � 90.6 242.2 � 96.7 257.1 � 70.6 0.292
(continued on next page)
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Table 4. Baseline characteristics of Living Well after Breast Cancer trial participants (n ¼ 159 female breast cancer survivors
recruited from Brisbane, Australia, between 2012 and 2014) and by those who completed all three (6, 12, and 18 month) diet (24-
hour recall) and activity (GT3Xþ [Actigraph]63 and activPAL3 [PAL Technologies Limited]68) follow-up assessments (n ¼ 117), and
those who did not (n ¼ 42)a (continued)

Characteristic All (n [ 159) Completer (n [ 117) Noncompleter (n [ 42) P value

 ��������������
median (25th, 75th percentile)

���������������!
MVPAm (min/wk) 130 (67, 204) 122.5 (57.0, 195) 167.2 (93.8, 236.0) 0.046

Walking/runningn (min/wk) 64.3 (26.7, 118) 58.5 (23.0, 106.5) 79.3 (33.3, 153.5) 0.101

Lifestyle activityn (min/wk) 740.5 (563, 954.5) 752.2 (563.0, 925.3) 722.8 (567.7, 1008.8) 0.949

 ���������������
mean � standard deviation

����������������!
Sitting (min/d)g 537.5 � 100.3 537.2 � 104.7 538.5 � 87.4 0.941

Mean WCRF/AICRo scoreg 3.8 � 1.0 3.7 � 1.0 4.0 � 1.1 0.112

aDifference between completers and noncompleters at baseline tested by t test (where means are reported), Mann-Whitney test (where medians are reported), or c2 test (where n [%] are
reported; Fisher exact test for binary variables, otherwise likelihood ratio test).
bBMI ¼ body mass index.
cAUD ¼ Australian dollar; the approximate conversion factor for AUD to USD is 0.70 equating to <USD $1,105 and �USD $1,105
dThreshold indicates top 40%/bottom 60% of Australian population household incomes.84
eExcludes missing data: n ¼ 1 (noncompleter).
fc2 test comparison not valid (inadequate expected frequencies).
gExcludes missing data: n ¼ 2 (noncompleter).
hER ¼ estrogen receptor.
iPR ¼ progesterone receptor.
jHR ¼ hormone receptor.
kHER ¼ human epidermal growth factor receptor.
lEnergy density calculated from foods only.
mMVPA ¼ moderate-to-vigorous physical activity, measured by Freedson method (�1,952 counts/min vertical).
nWalking/running and lifestyle activity, both at �3 metabolic equivalents, as estimated by Crouter’s refined two-step regression method.
oWCRF/AICR ¼ World Cancer Research Fund and American Institute for Cancer Research.

RESEARCH
reported to date.29,30 This is important because these dietary
and physical activity behaviors not only underpin weight loss,
but also have been shown to render independent effects on
health outcomes in breast cancer survivors.10,12-14 In this trial,
modest intervention effects were observed for some dietary
and physical activity outcomes; however, significant, clini-
cally meaningful, and durable intervention effects were
observed in a composite measure of adherence to WCRF/AICR
recommendations for cancer survivors.
None of the multibehavior (weight loss, physical activity,

and diet) intervention trials in breast cancer survivors to
date, have reported on change in WCRF/AICR adherence
following intervention. Use of a composite WCRF/AICR
adherence score may be particularly well suited for
assessing overall healthy weight, physical activity, and di-
etary change in multibehavior intervention trials, including
this one, given that these intervention trials target these
behaviors concurrently, and they are closely interrelated.86

The potential influence on health outcomes of improving
adherence to lifestyle recommendations can be carefully
inferred from findings of observational studies. Among fe-
male cancer survivors, studies have shown that higher
WCRF/AICR recommendation adherence is associated with
a 39% decreased risk (meeting six or more recommenda-
tions vs �4) of all-cause mortality,40 and a 57% decreased
risk (meeting five recommendations vs �1) of metabolic
syndrome,41 which itself has been associated with poorer
breast cancer prognosis.87 This evidence highlights the
potential for better health outcomes for breast cancer sur-
vivors in the case that they improve modifiable behaviors
September 2022 Volume 122 Number 9 JO
aligned with current recommendations. In this trial, WCRF/
AICR adherence score improved by one-third of a SD. Such
a shift is likely to be a clinically meaningful.40 More
importantly, these improvements were sustained 6 months
after the intervention contact ceased.
When considering changes in individual behaviors

observed in this trial, significant and durable effects were
observed for weight loss.43 However, inconsistent effects
were observed for diet (significant effects only on energy
intake, total and saturated fat at 6 and 18 months, but not
at 12 months) and physical activity (significant effects only
on walking/running, and only at 12 months). This study is
among the few weight loss intervention studies to
comprehensively assess lifestyle behavior changes following
a long-term intervention (ie, more than 6 months’ dura-
tion), and which also included a follow-up after a period of
no contact. Other large-scale trials have evaluated weight
loss interventions targeting diet and physical activity be-
haviors of 18 to 24 months’ duration, but none have
included a follow-up after a period of no-intervention
contact to assess durability of effects, and reporting of
behavior outcomes has been highly inconsistent.34-36,38,39 In
two of these trials, changes in dietary outcomes have either
not been reported, or have only reported at some follow-up
time periods but not all, unlike the physical activity out-
comes.34,35 All of these trials have reported small-to-
moderate effects on physical activity, similar to the effects
observed in this report, and those reporting on dietary
outcomes, have similarly reported mixed effects across the
various dietary outcomes.32,34,39 The ongoing DIANA (Diet
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1655



Table 5. Mean changes (95% CI) during and following the Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors recruited from Brisbane, Australia;
data collected between 2012 and 2016) in the intervention (n ¼ 79) and usual care groups (n ¼ 80), adjusted for baseline lues (evaluable case analysis)abc

Variable

Intervention Usual care Intervention e usual care

n
Adjusted mean
(95% CI) P value n

Adjusted mean
(95% CI) P value

Adjusted mean
(95% CI) P value

Diet

Energy intake (kcal/d)

Baseline 79 1,631 � 479 80 1,743 � 513

6-mo Dd 73 e154 (e243 to e65) 0.001 69 e17 (e109 to 74) 0.711 e137 (e265 to e9) 0.036

12-mo D 70 e57 (e154 to 39) 0.245 60 e123 (e226 to e20) 0.019 65 (e76 to 207) 0.367

18-mo D 67 e149 (e248 to e50) 0.003 60 79 (e25 to 184) 0.135 e229 (e373 to e84) 0.002

Total fat (g/d)

Baseline 79 61.1 � 24.4 80 69.2 � 30.6

6-mo D 73 e10.3 (e15.6 to e5.1) < 0.001 69 e0.7 (e6.1 to, 4.7) 0.79 e9.6 (e17.2 to e2.0) 0.013

12-mo D 70 e2.5 (e7.8 to 2.9) 0.37 60 e3.4 (e9.1 to 2.4) 0.248 0.9 (e7.0 to 8.8) 0.819

18-mo D 67 e5.9 (e11.3 to e0.5) 0.034 60 4.2 (e1.6 to 9.9) 0.154 e10.1 (e18.0 to e2.1) 0.013

Saturated fat (g/d)

Baseline 79 25.3 � 12.2 80 27.5 � 12.8

6-mo D 73 e5.5 (e7.8 to e3.1) < 0.001 69 e1.2 (e3.6 to 1.3) 0.343 e4.3 (e7.7 to e0.9) 0.013

12-mo D 70 e2 (e4.5 to 0.6) 0.125 60 e2.2 (e4.9 to 0.5) 0.106 0.3 (e3.5 to 4.0) 0.893

18-mo D 67 e3.6 (e6.1 to e1.0) 0.006 60 1.5 (e1.1 to 4.2) 0.26 e5.1 (e8.8 to e1.4) 0.007

Fiber (g/d)e

Baseline 79 20.0 � 6.0 80 19.6 � 6.5

6-mo D 73 0.7 (e0.9 to 2.2) 0.4 69 0.4 (e1.1 to 2.0) 0.581 0.2 (e2.0 to 2.4) 0.848

12-mo D 70 e0.1 (e1.7 to 1.5) 0.917 60 0.5 (e1.3 to 2.2) 0.609 e0.5 (e2.9 to 1.8) 0.656

18-mo D 67 e0.1 (e1.6 to 1.3) 0.863 60 0.0 (e1.5 to 1.5) 0.994 e0.1 (e2.2 to 2) 0.902

Energy density (kcal/100g/d)f

Baseline 79 154 � 36 80 159 � 38

6-mo D 73 e15 (e23 to e8) < 0.001 69 e5 (e13 to 2) 0.168 e10 (e21 to 1) 0.067

12-mo D 70 e10 (e19 to e2) 0.018 60 e9 (e18 to 0) 0.054 e1 (e14 to 11) 0.833

18-mo D 67 e11 (e20 to e3) 0.009 60 e3 (e11 to 6) 0.572 e9 (e21 to 3) 0.163

(continued on next page)
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Table 5. Mean changes (95% CI) during and following the Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer s vors recruited from Brisbane, Australia;
data collected between 2012 and 2016) in the intervention (n ¼ 79) and usual care groups (n ¼ 80), adjusted for baseline val (evaluable case analysis)abc (continued)

Variable

Intervention Usual care Intervention e usual care

n
Adjusted mean
(95% CI) P value n

Adjusted mean
(95% CI) P value

Adjusted mean
(95% CI) P value

Fruit (servings/d)

Baseline 79 1.6 � 0.9 80 1.6 � 1.0

6-mo D 73 0.3 (0.2 to 0.5) < 0.001 69 0.1 (e0.1 to 0.3) 0.231 0.2 (e0.0 to 0.5) 0.097

12-mo D 70 0.1 (e0.1 to 0.3) 0.385 60 0.1 (e0.1 to 0.3) 0.239 e0.0 (e0.3 to 0.2) 0.789

18-mo D 67 0.1 (e0.1 to 0.3) 0.231 60 0.1 (e0.1 to 0.3) 0.454 0.0 (e0.2 to 0.3) 0.776

Vegetables (servings/d)

Baseline 79 3.0 � 1.3 80 3.1 � 1.4

6-mo D 73 0.4 (0.0 to 0.7) 0.025 69 0.4 (0.0 to 0.7) 0.03 0.0 (e0.5 to 0.5) 1

12-mo D 70 0.3 (0.0 to 0.7) 0.044 60 0.3 (e0.1 to 0.6) 0.108 0.0 (e0.4 to 0.5) 0.845

18-mo D 67 0.2 (e0.1 to 0.5) 0.185 60 0.1 (e0.3 to 0.4) 0.611 0.1 (e0.3 to 0.6) 0.586

Alcohol (g/d)

Baseline 79 6.7 � 12.9 80 7.0 � 10.2

6-mo D 73 e1.1 (e3.1 to 0.9) 0.274 69 e0.5 (e2.6 to 1.6) 0.625 e0.6 (e3.5 to 2.3) 0.679

12-mo D 70 e0.8 (e2.3 to 0.7) 0.313 60 e2.4 (e4.0 to e0.7) 0.004 1.6 (e0.6 to 3.8) 0.164

18-mo D 67 0.1 (e2.2 to 2.4) 0.916 60 e0.9 (e3.3 to 1.5) 0.457 1.0 (e2.3 to 4.3) 0.541

Physical activity

Activity counts (1,000 counts/d)e

Baseline 79 237.0 � 90.2 80 255.1 � 90.6

6-mo D 70 17.3 (2.6 to 32.1) 0.021 69 e1.8 (e16.7 to 13.1) 0.81 19.2 (e1.8 to 40.1) 0.073

12-mo D 69 13 (e2.7 to 28.7) 0.104 60 1.1 (e15.4 to 17.7) 0.892 11.9 (e10.9 to 34.7) 0.307

18-mo D 68 9.6 (e8.2 to 27.3) 0.292 60 13.4 (e5.3 to 32.1) 0.159 e3.9 (e29.7 to 21.9) 0.768

MVPAg (min/wk)

Baseline 79 127.0 (66.0, 192.0) 80 144.0 (72.5, 237.0)

6-mo D 70 18.9 (e1.4 to 39.3) 0.068 69 e4.1 (e20.8 to 12.5) 0.627 23.1 (e3.3 to 49.4) 0.086

12-mo D 69 18.6 (e3.6 to 40.7) 0.1 60 e7.6 (e26.0 to 10.8) 0.418 26.2 (e2.6 to 55.0) 0.075

18-mo D 68 8.3 (e13.6 to 30.1) 0.459 60 4.9 (e17.5 to 27.3) 0.669 3.4 (e27.9 to 34.6) 0.833

(continued on next page)
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Table 5. Mean changes (95% CI) during and following the Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors recruited from Brisbane, Australia;
data collected between 2012 and 2016) in the intervention (n ¼ 79) and usual care groups (n ¼ 80), adjusted for baseline values (evaluable case analysis)abc (continued)

Variable

Intervention Usual care Intervention e usual care

n
Adjusted mean
(95% CI) P value n

Adjusted mean
(95% CI) P value

Adjusted mean
(95% CI) P value

Walking/runningh (min/wk)

Baseline 79 59.0 (26.7, 118) 80 70.6 (26.1, 119.8)

6-mo D 70 9.8 (e4.3 to 23.8) 0.173 69 e5.8 (e15.9 to 4.4) 0.266 15.5 (e1.8 to 32.9) 0.079

12-mo D 69 9.3 (e4.8 to 23.3) 0.198 60 e12.0 (e21.1 to e2.9) 0.01 21.2 (4.4 to 38.0) 0.013

18-mo D 68 7.1 (e6.3 to 20.6) 0.297 60 2.1 (e10.8 to 14.9) 0.753 5.1 (e13.5 to 23.7) 0.592

Lifestyle activityh (min/wk)

Baseline 79 718.3 (553.0, 869.8) 80 785.6 (608.0, 1,014.4)

6-mo D 70 e3.5 (e50.0 to 43) 0.882 69 17.9 (e30.5 to 66.3) 0.468 e21.4 (e88.6 to 45.8) 0.532

12-mo D 69 e8.9 (e54.2 to 36.4) 0.7 60 53.9 (1.7 to 106.1) 0.043 e62.8 (e132 to 6.4) 0.075

18-mo D 68 5.6 (e46.8 to 58.0) 0.834 60 23.6 (e32.9 to 80.0) 0.414 e18.0 (e95.0 to 59.1) 0.648

Sitting

Total sitting (min/d)

Baseline 78 553.7 � 98.0* 79 521.5 � 100.5*

6-mo D 70 e6.0 (e23.9 to 11.9) 0.511 68 0.4 (e17.8 to 18.6) 0.962 e6.5 (e32.0 to 19.1) 0.621

12-mo D 69 e8.5 (e27.5 to 10.6) 0.383 59 e9.1 (e29.1 to 11.0) 0.376 0.6 (-27.1 to 28.3) 0.966

18-mo D 66 e8.4 (e26.2 to 9.4) 0.353 58 e1.4 (e20.3 to 17.4) 0.883 e7 (e33.0, 18.9) 0.596

WCRF/AICRi score (0-7)

Baseline 78 3.8 � 1.0 79 3.8 � 1.0

6-mo D 70 0.7 (0.5 to 0.8) < 0.001 68 0.1 (e0.1 to 0.3) 0.15 0.5 (0.3 to 0.8) < 0.001

12-mo D 69 0.5 (0.3 to 0.7) < 0.001 59 0.2 (e0.1 to 0.4) 0.149 0.3 (0.0 to 0.6) 0.037

18-mo D 65 0.5 (0.3 to 0.8) < 0.001 58 0.0 (e0.2 to 0.3) 0.872 0.5 (0.2 to 0.8) 0.004

aModels adjust for baseline value of the outcome and confounders chosen by a priori criteria.42
bBaseline values are presented as mean � standard deviation or median (25th, 75th percentile), and marginal means or comparisons of marginal means (95% CI) for the changes within groups and comparisons between groups.
cDifference between groups at baseline tested by t test (when means are reported) or Mann-Whitney (when medians are reported); differences of P <0.05 are shown in boldface type.
dD ¼ change.
eAdjusted for energy intake (diet) or wear time (physical activity) by the residuals method.
fEnergy density calculated from foods only.
gMVPA ¼ moderate-vigorous physical activity, measured by Freedson method (�1,952 counts/min vertical).
hWalking/running and lifestyle activity, both at �3 metabolic equivalents, as estimated by Crouter’s refined two-step regression method.
iWCRF/AICR score ¼ World Cancer Research Fund and American Institute of Cancer Research score (0 to7).
*P < 0.05 difference between groups at baseline.
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RESEARCH
and Androgens)-5 trial, recently reported on adherence to
dietary recommendations after 1 year of intervention.33 The
intervention in this trial aimed to target the WCRF/AICR
recommendations; however, the authors scoring of adher-
ence is not consistent with previous studies, making find-
ings difficult to interpret. Inconsistencies in reporting of
behavioral outcomes in trials, particularly for dietary intake,
can impede our ability to understand changes in body
weight and health outcomes.
Limited clinical trial evidence exists on the effects of

weight, diet, and physical activity changes on breast cancer
outcomes and events. Definitive evidence is not yet available
for weight loss, although trials are currently underway that
will provide this important evidence.29,88 Evidence from a
large-scale dietary intervention study (Women’s Intervention
Nutrition Study), reported reductions in total fat of 20 g/day,
saturated fat of 6 g/day, and body weight of approximately 4%
after 5 years of follow-up, and observed a 24% reduction in
breast cancer recurrence risk (hazard ratio 0.76, 95% CI 0.60
to 0.98).89 Furthermore, evidence from observational studies
has suggested that increases in MVPA of 60 minutes/week are
associated with reduced risk (23% to 61%) of breast cancer
recurrence, disease-specific mortality, and all-cause mortal-
ity.10,90 Thus, the magnitude of changes observed in this trial
as a result of the intervention may translate to improvements
in breast cancer outcomes.
Among breast cancer survivors, overall adherence to life-

style recommendations is typically poor.25,91 Although some
survivors pursue some lifestyle changes following diagnosis,
these changes are typically short-lived and of insufficient
magnitude.92,93 In this sample of breast cancer survivors with
overweight or obesity, <10% of female breast cancer survivors
met more than four of the seven recommendations at base-
line (mean WCRF/AICR adherence score ¼ 3.8 � 1.0 out of a
possible seven points; on average, 54% of recommendations),
indicating considerable room for improvement. Limited data
are available on WCRF/AICR guideline adherence scores in
other breast cancer survivor samples for comparison, and the
varied scoring and number of WCRF/AICR guidelines assessed
limits comparability. Two previous studies in Brazilian94 and
Chinese95 breast cancer survivors, have reported similar
adherence to WCRF/AICR recommendations, meeting, on
average, 58% (4.6 out of 8) and 53% (3.2 out of 6) of WCRF/
AICR guidelines, respectively. In another study of breast
cancer survivors in Italy, 42% met at least four of five WCRF/
AICR recommendations, although body weight was not
assessed in this study.41 Thus, these findings clearly support a
need for improving these behaviors among breast cancer
survivors that is not unique to survivors in Australia, but
globally, and that formal interventions are required to ach-
ieve meaningful and durable behavior change.
In this trial, significant intervention effects were observed

for weight at each follow-up assessment43; however, inter-
vention effects for diet and physical activity were not as
consistent. These fluctuations in intervention effects over
time could reflect measurement issues rather than true
behavior changes (or fluctuations in changes), particularly in
the presence of consistent and sustained weight loss. This
may be in part explained by the intermittent assessments
(every 6 months in this study), which limited ability to make
inferences concerning behaviors during the preceding 6-
month period. More frequent and/or spontaneous
September 2022 Volume 122 Number 9 JO
monitoring, such as via smartphone applications,96-99 may be
useful for future trials to evaluate the extent of early behavior
changes that may taper-off or fluctuate over a moderate-to-
long intervention duration. In addition, more frequent
monitoring of behaviors over time may be beneficial in un-
derstanding behavior changes over longer periods; however,
this must be weighed up against the added participant
burden.
Furthermore, the intervention examined here significantly

improved some dietary and physical activity behaviors, but
not all outcomes that were evaluated. Some outcomes (eg,
fruit and alcohol intake) had limited room for improvement
because intakes were close to or at recommendations at
baseline.18 For other outcomes, such as sitting time, the
intervention seemingly did little to improve them, with no
meaningful influence seen on the high baseline levels of
sitting, as measured with a highly accurate method.68 It may
be that additional strategies and support are needed to
change this highly habitual behavior (eg, workplace-based
strategies,100 given that almost 60% of the sample were
employed in some capacity). The comparatively limited ef-
fects on other physical activities could reflect a lack of
behavior change. However, these could have been affected by
nondetection of certain activities via the hip-worn acceler-
ometer (eg, strength training, cycling, and water-based ac-
tivities) if these were key forms of physical activity adopted
by intervention participants. Strength training was specif-
ically targeted in the intervention but may not have been
accurately detected/measured. In addition, water-based ex-
ercise is a physical activity that is sometimes suggested to aid
some symptoms common in breast cancer such as lymphe-
dema or joint pain.101

This study has several strengths. The detailed and per-
protocol evaluation of changes in multiple behaviors as well
as adherence to WCRF/AICR recommendations, adds to the
current limited evidence base and provides new data on
these outcomes in weight loss intervention trials in breast
cancer survivors. The use of objective measures of physical
activity (classified by common methods) and sitting also are
novel,30 with only two previous weight loss trials reporting
on overall accelerometer-measured MVPA.38,102 This inter-
vention was delivered entirely by telephone; a scalable mode
of delivery with the potential for broad population reach.
Lastly, this is the first long-term (>6 months) weight loss
intervention trial in breast cancer survivors to assess whether
or not behavior changes are sustained after intervention
contact ceased. Two recent weight loss intervention trials
continued to provide intervention contact over the 2-year
period.34,35 Loss to follow-up was reasonable (20% to 30%)
and on par with that typically observed inweight loss trials of
at least 12 months’ duration in breast cancer survivors,30,34,35

although considerably less than in weight loss trials in the
general population,103 and did not appear to bias results,
based on sensitivity analyses.
Limitations include caution in generalizing results, espe-

cially to breast cancer populations with limited represen-
tation in this sample (eg, most participants were White).
The study used recruitment methods aimed to maximize
the chances of recruiting a representative group104 but had
some selection criteria (eg, based on BMI) and did tend to
result in a comparatively young group of breast cancer
survivors relative to the Australian breast cancer survivor
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1659
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population.44 The study may also have attracted a relatively
inactive sample, with median MVPA (based on Freedson
method) at baseline (127 and 144 minutes per week in
intervention and usual care) being slightly lower than
median MVPA in another Australian breast cancer cohort
(189 minutes per week) and age-matched control women
(161 minutes per week) assessed via comparable
methods,105 which was not unexpected given that partici-
pants were on average within a year of breast cancer
diagnosis at baseline and with an overweight or obese BMI.
Because the study only recruited female breast cancer pa-
tients (based on medical records), findings cannot be
generalized to breast cancer in men or transgender pop-
ulations. Moreover, gender identity was not captured
within medical records in the cancer registry or hospitals
during the dates of accrual. Breast cancer incidence in trans
women who have used hormone treatment is significantly
higher (46-fold higher; primarily estrogen receptor posi-
tive) than cisgender men but lower than cisgender women,
and trans men have significantly lower risk than cisgender
women.106 Broader inclusion of participants based on
gender rather than based on sex should be considered in
future studies.
The study was not powered a priori on the secondary

outcomes reported here. Confidence intervals indicated ef-
fects of a meaningful magnitude may have been missed for
energy density (19 kcal/100 g/day), and fruit or vegetable
intake (0.5 servings), and based on minimum effects of
interest from previous studies for MVPA (30 minutes per
week),80,81 but this was unlikely to be the case for sitting
(50 minutes per week), and the remaining dietary out-
comes (0.5 SD). Despite using validated methods,53,60,61,68

participants may report more socially desirable lifestyle
behaviors, such as lower fat107 and higher levels of fruits
and vegetables,107 and physical activity,108 and under-
reporting is known to occur particularly by those with a
BMI �25, including breast cancer survivors.109 Even with
the objective assessments of sitting and physical activity,
participants are aware they are being monitored and may
behave accordingly. In addition, the WCRF/AICR adherence
score was derived based on standard simple scoring,40,74

that involved applying equal weight to each of the seven
recommendations rather than weights derived from relative
influence on end points such as mortality or car-
diometabolic risk.40 Consequently, adherence to dietary
recommendations comprises more than 70% of WCRF/AICR
scores, and results obtained for WCRF/AICR scores are not
necessarily reflective of every component, especially body
weight and physical activity.
CONCLUSIONS
Breast cancer survivors reported poor overall adherence to
WCRF/AICR guidelines for cancer survivors at baseline, within
the year following breast cancer diagnosis. This weight loss
intervention trial observed significant and clinically impor-
tant improvements in WCRF/AICR adherence scores, which
were maintained for 6 months after intervention contact
ceased. The improvement in WCRF/AICR score was under-
pinned by significant improvements in total energy and fat
intake, as well as physical activity and weight loss. Despite
international recommendations for lifestyle behaviors for
1660 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
cancer survivors,18 and evidence on the effectiveness of
scalable lifestyle interventions when implemented in the real
world for cancer survivors,110 few programs are currently
available for breast cancer survivors to access. The findings
from this trial provide support for the potential health benefit
of such programs in women following treatment for early-
stage breast cancer. Evidence from ongoing trials on the ef-
fect of weight loss on disease-free survival in breast cancer
survivors111 will be important for improving access to life-
style support programs.
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Included in analysis:
6 mo (n = 68-69)
12 mo (n = 59-60)
18 mo (n = 58-60)

Included in analysis:
6 mo (n = 70-73)
12 mo (n = 69-70)
18 mo (n = 65-68)

Analysis 

159 women provided wri en consent to par cipate in the study and were randomized

Allocated to Interven on (n = 79)
58 Received ≥75% possible calls to 12 mo
21 Received <75% possible calls to 12 mo

6 mo (n = 73)
Lost to follow-up at 6 mo (n = 4)

2 Too busy; 1 not interested/not benefi ng; 1 personal 
illness 

Follow-up assessment not completed (n = 2)

12 mo (n = 70)
Lost to follow-up at 12 mo (n=4)

2 Too busy; 1 breast cancer recurrence; 1 family illness
Follow-up assessment not completed (n = 1)

18 mo (n = 68)
Lost to follow-up at 18 mo (n = 3)

1 Too busy; 1 developed bowel cancer; 1 family stress 

6 mo (n = 70)
Lost to follow-up at 6 mo (n = 8)

2 Too busy; 2 not interested/not benefi ng; 1 advanced 
cancer diagnosis; 1 personal illness; 1 family illness; 1
reloca on

Follow-up assessment not completed (n = 2)

12 mo (n = 60)
Lost to follow-up at 12 mo (n = 8)

2 Too busy; 1 not interested/not benefi ng; 1 personal 
illness; 1 family illness; 1 pregnancy; 1 uncontactable; 1 
doesn’t want addi onal cancer-related appointments 

Follow-up assessment not completed (n = 4)

18 mo (n = 60)
Lost to follow-up at 18 mo (n = 4)

Allocated to Usual Care (n = 80)

Follow-up

Alloca on

170 Ineligible 
93 Body mass index not 25-45
23 Weight loss ≥5% in past 6 mo
19 Contraindica ons to par cipa on 
15 Not diagnosed within 24 mo
12 Other 
8 Stage not I-III

65 Refusal 
31 Not interested
18 Too busy/not right me
12 Other/no reason stated
4 Personal/family illness

8 Not called (sample size reached, uncontactable)

402 women provided wri en consent to be contacted by researchers

Cancer Registry iden fied pa ents
Consent to contact provided (n = 272)

Hospital iden fied pa ents
Consent to contact provided (n = 120)

Word of mouth iden fied pa ents
Consent to contact provided (n = 10)

Enrollment

Figure. Study flow of Living Well with Breast Cancer trial participants (Brisbane, Australia; 2012-2016). The number of participants
reported at each follow-up reflects those completing assessments for the primary outcome of interest (ie, weight). The number of
participants reported for analysis reflects those with complete data across each reported secondary outcome.
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Table 1. Reporting use of GT3Xþ accelerometer (Actigraph) and activPAL3 (PAL Technologies Ltd) monitors completed for the
Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors from Brisbane, Australia; data collected between
2012 and 2016)

Item Response

Actigraph GT3Xþ accelerometer

Rationale for selecting a particular monitor
system and specifically which behavioral
characteristics were of primary interest in
making the measurements

The Living Well after Breast Cancer intervention trial aimed to
increase physical activity; objective device required42

Reliability (inter- and intrainstrument) for the
instrument selected (if available), and also
validity information for the activity estimates
of interest (eg, direct measures or predicted
values)

Interdevice reliability reported for the Actigraph GT3Xþ
accelerometer for MVPAa: 0.9963

Correlation in GT3Xþ accelerometer count/min vs oxygen
consumption was r ¼ 0.810, P < 0.00161

MVPA was primarily assessed via the Freedson method (�1,952
counts/min vertical) because it is a common method that is
useful for comparing results, and has excellent validity in a
treadmill validation.64 Methods based on treadmill validation
can omit lifestyle activities, so �3 METb walking/running and
�3 MET lifestyle activity were also assessed, separately, using
Crouter’s refined-2-step regression method, which uses
variability to separate out regular walking/running from
lifestyle activities, then applies either a treadmill or lifestyle-
activity calibrated equation, as appropriate, to determine
MET.65 Across a structured set of sedentary, lifestyle, and
exercise activities, this method predicted energy expenditure
validly relative to portable calorimetry (r ¼ 0.97, mean
difference ¼ 0.08 MET, 95% prediction interval e1.38, 1.54).

Report the method and location of monitor
attachment

Positioned over the right hip via an adjustable elastic belt

Indicate the a priori goal for the sampling
periods observed (ie, no. of hours per day; no.
and type of days)

Monitor worn for 7 consecutive days during all waking hours
and removed only for sleep and during times the monitor
could be damaged (eg, during water-based activities)

Describe the method(s) for estimating wearing
time in sufficient detail so that others can
replicate the method

Non-wear time was removed using the Choi algorithm66 and
any wear during sleep was removed based on self-report
sleep times

Provide information about the quality control
checks that were implemented and specify
the type of action taken when data were
determined to be invalid

Visual checking was used to determine whether classifications
of time as included (awake, wear, valid day) or excluded
(asleep, non-wear, invalid day) data appeared plausible given
participants movement patterns. Trace plots of the
acceleration signals were plotted, color coded by
classification (awake/off, sedentary, light, MVPA, or on time
during an invalid day). Errors that occurred were all when the
device was worn to bed. When this occurred, the self-report
sleep and wake times were checked against the movement
for consistency, or estimated (if not provided by the
participant), and the invalid data (wear during sleep/off time)
was removed. Invalid days were excluded

State clearly the compliance criteria to define a
valid day of observation and the number and
type of days required to be included in the

Valid day: �10 h of wear, no excessive counts �20,000 counts
per minute

(continued on next page)
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Table 1. Reporting use of GT3Xþ accelerometer (Actigraph) and activPAL3 (PAL Technologies Ltd) monitors completed for the
Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors from Brisbane, Australia; data collected between
2012 and 2016) (continued)

Item Response

final analytic sample. These criteria may vary
according to the needs of a particular study,
and/or certain study populations

Describe the methods used to generate key
summary variables, including references to
any prediction methods or classification
decisions employed

MVPA was quantified using Freedson cut points as time spent at
�1,952 counts per minute on the vertical axis64 because this
is among the most common methods reported, aiding
comparability of findings. Lifestyle activities and walking
running activity at �3 MET were identified using Crouter’s
revised 2-step regression model.65 This method identifies
each 10-s time period as inactive (�8 counts), walking/
running (>8 counts and CVc >0 to �10) or lifestyle activity
(>8 counts and CV >10 or CV ¼ 0), then as appropriate
selects a MET value for inactivity, applies a treadmill-derived
calibration equation for walking/running, or applies a lifestyle
activity equation.65 MET values are averaged per minute. CV is
also calculated per minute, but in this revised method, as
whichever combination of 6 adjacent 10-s time periods yields
the lowest CV, rather than predefined 60s time windows

activPAL3

Which behavioral characteristics were of
primary interest in making the measurements

Time spent sitting/reclining, standing and stepping as well as
transitions from sitting to standing

Reliability (inter- and intrainstrument) for the
device selected (if available)

Interdevice reliability reported for the activPAL3 monitor ranged
from 0.79-0.9967

Validity information for the activity estimates of
interest (eg, direct measures of predicted
values)

Relative to direct observation sitting time has a correlation of
0.94 and a mean difference of only e2.8% (SEd ¼ 1.0%; 95%
CI: e4.7 to 0.9)68

Method and location of monitor attachment Device was waterproofed by placing it in a nitrile finger cot and
wrapping it in transparent film dressing. The device was
attached by research staff to the anterior midline of the right
thigh with a hypoallergenic adhesive patch. Additional
dressings were supplied for reattachment during wear period
as necessary

Wear period and number of days 24 h/day for 7 consecutive days

ActivPAL software version ActivPAL version 7.3.32.69

Settings used:
� Sampling frequency
� Minimum sitting period
� Minimum upright period

Default settings (20 Hz; 10 s minimum sitting period; 10 s
minimum upright period)

Diary data collected and details collected Time woke up, time went to sleep, any nap times, any removal
times of more than 10 min each day, and any non-wear days

Type of file used for data processing Events file

Goal for the sampling periods observed (ie, no.
of hours per day; number and type of days);
state whether a priori

At least 10 h of waking wear data per day (unless self-report
wake was <10 h) and device worn for at least 80% of waking
hours (a priori).

(continued on next page)
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Table 1. Reporting use of GT3Xþ accelerometer (Actigraph) and activPAL3 (PAL Technologies Ltd) monitors completed for the
Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors from Brisbane, Australia; data collected between
2012 and 2016) (continued)

Item Response

Method(s) for estimating wearing time/
removing time in bed/sleep (report in
sufficient detail so that others can replicate
the method)

Unreported wake/sleep times are estimated by staff from times
when movement first began/last ceased. All time during
bouts that are �50% during a self-reported sleep, removal or
nap period are initially classed as sleep, removal, or a nap.
Sleep periods are then adjusted to begin/end with the first/
last sitting/reclining bout of �20 min duration during each
period initially identified as sleep. Total sitting time (ie, sitting/
reclining during waking wear time) is summed for each day
then averaged on valid days

What quality control checks were implemented Data visualization with cross-checking against the logbook.
Trace plots of original activity codes colored by new
classifications (off/asleep, on but invalid day, sitting/lying,
standing stepping) annotated with the diary report data were
examined. Consistency between the movement and diary
data were used to identify when the wrong time periods had
been included/excluded due to an obvious flaw in the diary
data (eg, confusion between AM/PM) or absence of diary data
(eg, regarding sleep or wake time)

Specify type of action taken when data were
determined to be invalid

Errors in the diary data were amended to be more consistent
with the movement data. Invalid time periods and days were
excluded

Compliance criteria to define a valid day of
observation

�10 h and �80% of waking hours, or �80% of waking hours if
the participant reported being awake for <10 h

No. and type of days required to be included in
final analytic sample

�1 days of valid data to minimize data loss, consistent with
intention-to-treat principles (a priori)

Definition of a day Wake on 1 day until wake the next day

Data processing package used and methods
used to generate key summary variables

SAS version 9.4.70

aMVPA ¼ moderate-to-vigorous physical activity.
bMET ¼ metabolic equivalents of task.
cCV ¼ coefficient of variation.
dSE ¼ standard error.
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Table 6. Mean changes (95% CI) during and following the Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors recruited from Brisbane, Australia;
data collected between 2012 and 2016) in the intervention (n ¼ 79) and usual care groups (n ¼ 80),a adjusted for baseline values (multiple imputation analysis)bcd

Variable

Intervention Usual care Intervention e usual care

Adjusted mean (95% CI P value Adjusted mean (95% CI P value Adjusted mean (95% CI P value

Diet

Energy intake (kcal/d)

Baseline 1,631 � 479 1,743 � 513

6-mo De e150 (e241 to e59) 0.001 e15 (e109 to 80) 0.762 e135 (e266 to e3) 0.044

12-mo D e49 (e154 to 55) 0.354 e111 (e223 to 1) 0.052 61 (e90 to 213) 0.437

18-mo D e137 (e242 to e32) 0.01 78 (e38 to 194) 0.426 e215 (e370 to e61) 0.006

Total fat (g/d)

Baseline 61.1 � 24.4 69.2 � 30.6

6-mo D e9.9 (e15.2 to e4.7) < 0.001 e0.3 (e5.7 to 5.2) 0.924 e9.7 (e17.3 to e2.1) 0.013

12-mo D e2.1 (e7.5 to 3.4) 0.457 e2.8 (e8.7 to 3.2) 0.362 0.7 (e7.4 to 8.8) 0.865

18-mo D e5.5 (e11.1 to e0.1) 0.052 5.6 (e0.4 to 11.5) 0.067 e11.1 (e19.2 to e2.9) 0.008

Saturated fat (g/d)

Baseline 25.3 � 12.2 27.5 � 12.8

6-mo D e5.3 (e7.6 to e2.9) < 0.001 e0.9 (e3.4 to 1.5) 0.463 e4.4 (e7.8 to e1.0) 0.012

12-mo D e1.8 (e4.3 to 0.7) 0.165 e2.0 (e4.8 to 0.7) 0.152 0.2 (e3.5 to 4.0) 0.909

18-mo D e3.4 (e6.0 to e0.8) 0.009 1.9 (e0.9 to 4.6) 0.178 e5.3 (e9.0 to e1.5) 0.006

Fiber (g/d)f

Baseline 20.0 � 6.0 19.6 � 6.5

6-mo D 0.6 (e0.9 to 2.2) 0.427 0.4 (e1.3 to 2) 0.662 0.3 (e2.0 to 2.5) 0.812

12-mo D e0.1 (e1.7 to 1.5) 0.882 0.4 (e1.4 to 2.2) 0.666 e0.5 (e2.9 to 1.9) 0.676

18-mo D e0.2 (e1.6 to 1.3) 0.825 0.0 (e1.6 to 1.5) 0.982 e0.1 (e2.3 to 2.0) 0.893

Energy density (kcal/100 /d)g

Baseline 154 � 36 159 � 38

6-mo D e16 (e23 to e8) < 0.001 e5 (e13 to 3) 0.209 e11 (e22 to 1) 0.063

12-mo D e9 (e18 to 1) 0.069 e6 (e17 to 4) 0.209 e2 (e16 to 11) 0.750

18-mo D e9 (e18 to 0) 0.06 1 (e9 to 11) 0.86 e10 (e23 to 4) 0.158

(continued on next page)
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Table 6. Mean changes (95% CI) during and following the Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors recruited from Brisbane, Australia;
data collected between 2012 and 2016) in the intervention (n ¼ 79) and usual care groups (n ¼ 80),a adjusted for baseline values (multiple imputation analysis)bcd

(continued)

Variable

Intervention Usual care Intervention e usual care

Adjusted mean (95% CI P value Adjusted mean (95% CI P value Adjusted mean (95% CI P value

Fruit (servings/d)

Baseline 1.6 � 0.9 1.6 � 1.0

6-mo D 0.3 (0.1 to 0.5) < 0.001 0.1 (e0.1 to 0.3) 0.323 0.2 (e0.0 to 0.5) 0.081

12-mo D 0.1 (e0.1 to 0.3) 0.414 0.1 (e0.1 to 0.3) 0.233 e0.0 (e0.3 to 0.2) 0.746

18-mo D 0.1 (e0.1 to 0.3) 0.253 0.1 (e0.1 to 0.3) 0.517 0.0 (e0.2 to 0.3) 0.757

Vegetables (servings/d)

Baseline 3.0 � 1.3 3.1 � 1.4

6-mo D 0.3 (0.0 to 0.7) 0.031 0.3 (0.0 to 0.7) 0.038 0.0 (e0.5 to 0.5) 0.993

12-mo D 0.3 (e0.0 to 0.7) 0.053 0.3 (e0.1 to 0.6) 0.15 0.1 (e0.4 to 0.6) 0.8

18-mo D 0.2 (e0.1 to 0.5) 0.212 0.1 (e0.3 to 0.4) 0.735 0.1 (e0.3 to 0.6) 0.543

Alcohol (g/d)

Baseline 6.7 � 12.9 7.0 � 10.2

6-mo D e1.1 (e3.1 to 0.9) 0.294 e0.6 (-2.7 to 1.5) 0.57 e0.5 (e3.4 to 2.4) 0.747

12-mo D e0.7 (e2.3 to 0.8) 0.341 e2.4 (e4.0 to e0.7) 0.005 1.6 (e0.6 to 3.9) 0.159

18-mo D 0.2 (e2.1 to 2.5) 0.891 e0.9 (e3.3 to 1.6) 0.478 1 (e2.3 to 4.4) 0.541

Physical activity

Activity counts (1,000 counts/d)f

Baseline 237.0 � 90.2 255.1 � 90.6

6-mo D 17.3 (2.5 to 32.1) 0.022 e2.7 (e17.8 to 12.4) 0.725 20.0 (e1.1 to 41.1) 0.064

12-mo D 13.0 (e2.7 to 28.7) 0.105 0.8 (e15.9 to 17.4) 0.927 12.2 (e10.7 to 35.1) 0.296

18-mo D 9.5 (e8.3 to 27.4) 0.296 13.7 (e5.2 to 32.7) 0.156 e4.2 (e30.2 to 21.8) 0.753

MVPAh (min/wk)

Baseline 127.0 (66.0 to 192.0) 144.0 (72.5 to 237)

6-mo D 17.6 (e4.3 to 39.5) 0.115 e8.2 (e25.8 to 9.4) 0.627 25.8 (e2.2 to 53.8) 0.071

12-mo D 16.8 (e7.2 to 40.8) 0.171 e11.25 (e32.1 to 9.6) 0.291 28.0 (e3.7 to 59.8) 0.083

18-mo D 8.0 (e16.1 to 32.1) 0.514 1.7 (e23.0 to 26.4) 0.894 6.3 (e27.7 to 40.4) 0.715

(continued on next page)
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Table 6. Mean changes (95% CI) during and following the Living Well after Breast Cancer Trial (n ¼ 159 female breast cancer survivors recruited from Brisbane, Australia;
data collected between 2012 and 2016) in the intervention (n ¼ 79) and usual care groups (n ¼ 80),a adjusted for baseline values (multiple imputation analysis)bcd

(continued)

Variable

Intervention Usual care Intervention e usual care

Adjusted mean (95% CI P value Adjusted mean (95% CI P value Adjusted mean (95% CI P value

Walking/runningi (min/wk)

Baseline 59.0 (26.7, 118.0) 70.6 (26.1, 119.8)

6-mo D 8.0 (e6.9 to 22.8) 0.294 e7.4 (e18.3 to 3.5) 0.185 15.4 (e3.1 to 33.8) 0.102

12-mo D 6.4 (e8.4 to 21.2) 0.396 e14.3 (e24.5 to e4.1) 0.006 20.7 (2.9 to 38.6) 0.023

18-mo D 4.8 (e9.7 to 19.2) 0.516 e1.5 (e15.3 to 12.4) 0.835 6.2 (e13. to 26.1) 0.537

Lifestyle activityi (min/week)

Baseline 718.3 (553.0, 869.8) 785.6 (608.0, 1,014.4)

6-mo D e5.4 (e54.1 to 43.3) 0.827 12.6 (e38.3 to 63.4) 0.628 e18.0 (e88.5 to 52.5) 0.616

12-mo D e5.0 (e52.8 to 42.8) 0.838 62.6 (4.8 to 120.3) 0.034 e67.6 (e142.7 to 7.6) 0.078

18-mo D 9.5 (e47.0 to 66.0) 0.743 33.9 (e29.1 to 97.0) 0.291 e24.5 (e108.6 to 59.6) 0.568

Sitting

Total sitting (min/d)

Baseline 553.7 � 98.0* 521.5 � 100.5*

6-mo D e6.0 (e24.1 to 12.1) 0.517 e0.1 (e18.5 to 18.3) 0.992 e5.9 (e31.7 to 19.9) 0.654

12-mo D e7.8 (e27.1 to 11.5) 0.43 e9.8 (e30.2 to 10.7) 0.349 2.0 (e26.2 to 30.1) 0.890

18-mo D e8.4 (e26.7 to 9.9) 0.367 e3.7 (e23.1 to 15.8) 0.713 e4.8 (-31.5 to 22.0) 0.728

WCRF/AICRj score (0-7)

Baseline 3.8 � 1.0 3.8 � 1.0

6-mo D 0.6 (0.5 to 0.8) < 0.001 0.1 (e0.1 to 0.3) 0.208 0.5 (0.3 to 0.8) < 0.001

12-mo D 0.4 (0.3 to 0.6) < 0.001 0.1 (e0.1 to 0.4) 0.185 0.3 (0.0 to 0.6) 0.036

18-mo D 0.5 (0.3 to 0.7) < 0.001 0.0 (e0.2 to 0.2) 0.971 0.5 (0.2 to 0.9) 0.003

aMissing data imputed using multiple (m ¼ 80) imputations (MI impute chained command) in STATA 13.83
bModels adjust for baseline value of the outcome and confounders chosen by a priori criteria.42
cBaseline values are presented as mean � standard deviation or median (25th, 75th percentile), and marginal means or comparisons of marginal means (95% CI) for the changes within groups and comparisons between groups.
dDifference between groups at baseline tested by t test (when means are reported) or Mann-Whitney (when medians are reported); differences of P <0.05 are shown in boldface type.
eD ¼ change.
fAdjusted for energy intake (diet) or wear time (physical activity) by the residuals method.
gEnergy density calculated from foods only.
hMVPA ¼ moderate-vigorous physical activity, measured by Freedson method (�1,952 counts/minute vertical).
iWalking/running and lifestyle activity, both at �3 metabolic equivalents, as estimated by Crouter’s refined two-step regression method.
jWCRF/AICR score ¼ World Cancer Research Fund and American Institute for Cancer Research score (0 to 7).
*P < 0.05 difference between groups at baseline.
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ABSTRACT
Background Dietary supplement use is common, particularly among cancer survivors
and those at increased risk for cancer.
Objective The objectives of this study were to assess 1-year testeretest reproducibility
of dietary supplement use reported via food frequency questionnaire (FFQ-1 vs FFQ-2)
and relative validity in comparison to repeated 24-hour dietary recalls (FFQ-2 vs DRs).
Design This ancillary study was conducted within a large prospective cohort, the
American Cancer Society’s Cancer Prevention Study-3.
Participants/setting Between 2015 and 2016, 684 participants in the United States
(64% women; 62% non-Hispanic White, 23% non-Hispanic Black, and 15% Hispanic)
completed two FFQs and up to six unannounced telephone interviewer-administered
DRs over 1 year as part of the Cancer Prevention Study-3 Diet Assessment Substudy.
Primary outcome measures FFQs queried current multivitamin-mineral supplement
(�10 components) use, frequency and dose (range) for seven supplements taken indi-
vidually or as part of a complex (individual/complex) including calcium, vitamins D, C,
and E, folic acid, fish oil, and glucosamine. DRs allowed exact reporting of supplement
frequency and dose.
Statistical analyses Weighted k statistics were used to evaluate reproducibility be-
tween FFQ-1 and FFQ-2 and Spearman correlation coefficients assessed agreement
between supplemental nutrient amounts assessed by FFQ-2 and the average of DRs.
Results Just more than half of the participants reported taking multivitamin-mineral
supplements on the baseline FFQ. Kappa statistics for the comparison of categorical
responses between FFQ-1 and FFQ-2 were 0.67 for multivitamin-mineral supplements.
Kappas for individual/complex supplements ranged from 0.47 for folic acid to 0.74 for
vitamin D, with a mean of 0.64. Results were similar between men and women.
Spearman correlation coefficients comparing FFQ-2 with the average of DRs (validity)
for nutrient intakes from all sources ranged from 0.65 (fish oil for women) to 0.77
(vitamin D for men and calcium for women); results were similar among men and
women.
Conclusions These findings suggest the FFQ used in Cancer Prevention Study-3 has
good reproducibility over 1 year and yields estimates comparable to a more detailed
assessment for commonly consumed dietary supplements.
J Acad Nutr Diet. 2022;122(9):1665-1676.
D
IETARY SUPPLEMENT USE IS HIGH AMONG US
adults. Data from the US National Health and
Nutrition Examination Survey 1999-2018 suggest
the majority of US adults take one or more dietary

supplements.1,2 Respondents report taking dietary supple-
ments for a variety of reasons, including to compensate for
suboptimal diet, to improve or maintain overall health, for
medical conditions, and to prevent chronic disease incidence
or progression.3,4 However, a comprehensive review spon-
sored by the US Preventive Services Task Force concluded
that the beneficial effects of vitamin and mineral supple-
mentation for cancer and cardiovascular disease prevention
were limited.5 This conclusion was supported by a recent
Position Statement from the Academy of Nutrition and Di-
etetics that “routine and indiscriminate use of micronutrient
supplements for the prevention of chronic disease is not
recommended.”6 Previous research suggests that compared
with nonusers, supplement users tend to be of higher so-
cioeconomic status and to report healthier lifestyle charac-
teristics (eg, less smoking, more physically active, and lower
dietary fat and higher vegetable and fruit intake).3 As the
range and availability of supplements increase, it is important
to accurately characterize their use, to continue to further our
understanding of demographic and health-related correlates
OURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1665
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RESEARCH SNAPSHOT

Research Question: Is self-reported dietary supplement use
from two food frequency questionnaires (FFQs) collected 1
year apart reproducible, and are the supplement data
relatively valid when compared with detailed dietary
supplement data collected through repeated interviewer-
administered telephone 24-hour diet recalls?

Key Findings: This analysis of 684 participants (64% women;
62% non-Hispanic White, 23% non-Hispanic Black, and 15%
Hispanic) who completed two FFQs and at least three dietary
recalls over 1 year showed the FFQ used in The American
Cancer Society’s Cancer Prevention Study-3 has good
reproducibility and relative validity for commonly consumed
dietary supplements.

RESEARCH
of use, and to study the role of supplements in health out-
comes such as cancer.
Themost recent report fromtheWorldCancerResearchFund/

American Institute for Cancer Research found strong evidence
that consuming calcium supplements decreases the risk of
colorectal cancer.7 However, World Cancer Research Fund/
American Institute for Cancer Research and other expert com-
mittees have also concluded that there is little evidence that
other supplements reduce overall cancer risk and high doses of
some supplements may be harmful in some populations (eg,
beta carotene increases risk for lung cancer in current or former
smokers).7,8 Nonetheless, supplement use is common among
some groups at higher risk for cancer (eg, those with a family
history)9 and particularly among cancer survivors.10,11 For
example, in a cohort of adult cancer survivors (n ¼ 1,233), 73%
reportedusingsupplements,with78%ofusers takingmore than
one supplement.11 In addition, some supplements oftenprovide
much higher levels of nutrients than are commonly found in
foods (eg, calcium and vitamin D)12,13; thus, it is critical to
consider their contribution to overall intakes. Block and col-
leagues14 reported that failure to consider supplements when
assessing nutrient intakes could misclassify many individuals,
particularly those with the highest intakes, with the potential
for differential misclassification by age, race, and sex.
It can be challenging to collect accurate and reliable infor-

mation about supplement use because vitamin supplement use
is a transitorybehavior that is usually self-reportedandbelieved
to be prone to measurement error.14,15 In addition, a method to
ascertainaccurate informationonusual supplement intakedoes
not exist.14 Food frequency questionnaires (FFQs) are often used
for estimating dietary and supplement intake in large epide-
miological studies.15 Although studies have evaluated the
reproducibility (also referred to as testeretest reliability)16 of
dietary and total nutrient intake (dietþ supplements) assessed
byFFQs, only three studieshave carefullyevaluated theaccuracy
of supplement data (alone).17-19 Two of these were conducted
among primarily White populations inWashington State.17,18 It
is unknownwhether or not these results can be generalized to
racially and/or geographically diverse populations. In addition,
previous studies have not evaluated constancy of current sup-
plement use reported over 1 year.
Among the objectives of the American Cancer Society Can-

cer Prevention Study-3 (CPS-3) Diet Assessment Substudy
(DAS)20-22 was to assess the reproducibility of dietary sup-
plement use self-reported on two FFQs derived from the
Willett FFQ15,23,24 and collected 1 year apart. In addition,
another objective was to assess the accuracy of estimated di-
etary supplement intake queried by FFQ. There is no measure
of absolute truth for dietary supplement intake14; thus, to
evaluate relative validity, the FFQ supplement data were
compared with more detailed dietary supplement data
collected through repeated interviewer-administered tele-
phone 24-hour diet recalls (DRs). This research is an important
step toward understanding the relative accuracy of the FFQ
supplement questions and studying associations with future
cancer incidence and cancer survivorship outcomes in CPS-3.

MATERIALS AND METHODS
Study Participants
The CPS-3 study enrollment was conducted between 2006
and 2013. CPS-3 includes 303,682 adults who were aged 30 to
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65 years, did not have a personal history of cancer, and
resided in 35 states, the District of Columbia, and Puerto Rico
at baseline. The DAS (2015-2016) includes a subset (n ¼ 745)
of the participants from the CPS-3 cohort, as previously
described.20-22 The Emory University Institutional Review
Board approved the DAS protocol. Approximately 10,000
non-Hispanic White, non-Hispanic Black, and Hispanic male
and female CPS-3 participants (the three largest racial/ethnic
groups in the CPS-3) were randomly selected from five US
regions defined by Quest Diagnostics business units. These
regions included the broad areas surrounding Atlanta, GA;
Dallas, TX; Auburn Hills, MI; West Hills, CA; and San Jose, CA.
These 10,000 participants were mailed information on the
DAS study goals and data collection requirements (eg, FFQs
and DRs), including the requirement of visiting a nearby DAS
site designated for the collection of biological samples (a
Quest Diagnostics location). Participants were invited to
preregister online after signing an electronic consent with a
goal to enroll �150 Hispanic (men and women combined)
and �150 non-Hispanic Black (men and women combined)
and �150 non-Hispanic White men and �300 non-Hispanic
White women. Of 1801 participants who expressed interest,
866 (48%) were preliminarily enrolled after they returned the
2015 survey and CPS-3 FFQ. Of these, 745 participants
completed both the baseline FFQ (FFQ-1) and follow-up FFQ
(FFQ-2) in addition to the first 24-hour recall. Participants
with fewer than three 24-hour DRs (n ¼ 2), with 1 poorly
completed or missing FFQ-1 (n ¼ 26) or FFQ-2 (n ¼ 14), as
well as any womenwho reported being pregnant at any point
during the DAS (n ¼ 19) were excluded, leaving 684 partici-
pants for this analysis (self-reported racial/ethnic distribu-
tion: non-Hispanic White men [n ¼ 156] and women [n ¼
265], non-Hispanic Black men [n ¼ 46] and women [n ¼ 114],
Hispanic men [n ¼ 44], and women [n ¼ 59]).

Assessments
Two FFQs, each referencing food intake during the previous
year, were completed by each participant in the DAS: FFQ-1
as part of the CPS-3 cohort follow-up questionnaire in 2015
and FFQ-2 at the end of the DAS, approximately 1 year later.
Each FFQ queried current use (at the time of completion) of
multivitamin-mineral supplements (those containing �10
components), including brand name and frequency of use,
September 2022 Volume 122 Number 9



RESEARCH
offering a checkbox for commonly consumed brands like
Centrum (GlaxoSmithKline) and One A Day (Bayer) products
(12% of participants) and a write-in to capture everything else
(34% of participants). Together, these two items allow for the
calculation of dose of vitamins and minerals from these
combination multivitamin-mineral supplements. Frequency
and dose (as ranges) was also collected for seven supple-
ments taken as individual or complex (eg, eye health for-
mula) preparations, including calcium; vitamins D, C, and E;
folic acid; fish oil; and glucosamine. Six unannounced tele-
phone interviewer-administered 24-hour DRs were collected
by the Penn State Diet Assessment Center (University Park,
PA) over the course of the year, with the aim of collecting two
recalls during each one-third of the year and on 4 weekday
and 2 weekend days. Data were collected using the Nutrition
Data System for Research software version 2015.25 The di-
etary intake interviews included the Dietary Supplement
Assessment Module (DSAM), an optional component of the
Nutrition Data System for Research used to collect and
calculate total nutrients from dietary supplements and
featuring many brand-name supplements to better reflect the
marketplace. The DSAM prompts respondents to use their
supplement labeling information to assist with their re-
sponses and queries the previous 30-day supplement intake
history. In contrast to the FFQ, which collects individual/
complex type supplement dose and frequency with categor-
ical variables (and ranges), the DSAM allows participants to
report the number of days taken over the past 30 days and
the exact dose of individual/complex type supplements as
continuous variables. The DSAM administered with each
recall allowed for the estimation of average supplement
intake and the assessment of stability of reported supplement
use over the year. This information is important because in
the case that participants were not consistently using a
supplement, it could contribute to differences between the
DR and FFQ estimates of intake. For each method of assessing
supplement use, daily doses of nutrients were calculated by
summing across multivitamin-mineral and single supple-
ment preparations. This report focuses on the multivitamin-
mineral and individual/complex supplements reported by
frequency and dose in the FFQ (multivitamins; calcium; folic
acid; fish oil; glucosamine; and vitamins D, C, and E).
Glucosamine data are not available for the DR.

Outcomes
The primary outcomes of interest are the correlations be-
tween self-reported dietary supplement use assessed by FFQ
and the DR (relative validity). Secondary outcomes are the
agreement between the FFQ-1 and FFQ-2 (reproducibility).
For some outcomes, stratified analyses were also conducted
by sex and race/ethnicity.

Statistical Analysis
Descriptive analyses were performed to examine de-
mographic characteristics of study participants who
completed FFQ supplement questions. The c2 test was used to
determine whether or not significant differences (P < 0.05)
exist between supplement users and nonusers.

Relative Validity. Reported supplement use (yes/no across
all sources) on FFQ-2, on any DR, and for both methods was
September 2022 Volume 122 Number 9 JO
calculated as a percentage. In addition, discordant reporting
of supplement use (yes on FFQ-2 but not on any DR, yes on a
DR but not on FFQ-2) was calculated as a percentage. The c2

test was used to compare discordant reporting among men
and women. Median daily intake for supplements reported
on the two FFQs, the averages of these supplements from the
DR, and for the last DR were calculated for the overall pop-
ulation. Median daily intake for supplements reported on
FFQ-2 and the averages of these supplements from the DR
were also calculated and reported separately among supple-
ment users (omitting zeros). Spearman correlation co-
efficients were calculated for all participants and stratified by
sex and race/ethnicity to compare continuous estimates of
daily intakes of supplements from all sources on the two FFQs
and to compare FFQ-2 and the average of DR. Correlations in
nutritional epidemiology tend to be on the order of 0.5 to 0.7;
thus, for the purposes of these analyses, we considered cor-
relation coefficients of 0.5 acceptable and >0.7 as very
good.15,18 In practice, the acceptable level of agreement is
dependent on the research question. Finally, daily intake
between FFQ-2 was compared with the DR supplement
intake data that most closely matched the period queried by
the FFQ (eg, FFQ-2 was matched to the last recall for each
participant).

Reproducibility. For the individual/complex supplements
captured by the FFQs as ordinal categorical data, percent
agreement weighted k coefficients, which account for the
closeness of agreement between categories, were used to
evaluate reproducibility.26 For continuous outcome data,
Spearman correlation coefficients, based on the ranked
continuous values, were also used to evaluate reproducibility
of the FFQ estimated intakes of supplements from all sources
(multivitamin-mineral plus individual/complex) collected 1
year apart. To assess stability across DR supplement use, re-
sults were compared across all available recalls completed
over the year using intraclass correlation coefficients (ICC).
RESULTS
For FFQ-1, just more than half of participants reported taking
multivitamin-mineral supplements (Table 1). With the
exception of fish oil and glucosamine, the supplements
featured in Table 1 combine nutrients taken either as an in-
dividual/complex supplement or as part of a multivitamin-
mineral preparation. Overall, older participants were more
likely to report supplement use than younger participants.
Multivitamin-mineral use was similar for men and women;
however, for other supplements women tended to report
greater use than men did. This difference was most notable
for calcium with 38.4% of women, but only 11.0% of men,
reporting calcium supplement use.
Table 2 shows that reported supplement use (yes/no from

all sources) was higher for FFQ-2 than for the DR for vitamins
D and E, folic acid, and fish oil. In contrast, reported supple-
ment use for calcium and vitamin C was higher on the DR
than on FFQ-2. Overall discordant reporting of supplement
use among all participants (eg, reporting use on the FFQ but
not on any DR or reporting on a DR but not the FFQ) ranged
from 13.9% (fish oil) to 27.0% (folic acid), with men signifi-
cantly more likely to be discordant than women for calcium
and vitamin D. Use of preparations reported as individual/
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1667



Table 1. Baseline demographic information, by supplement intake use from all sources at the first food frequency questionnaire
(FFQ-1), in the Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016 (N ¼ 684)

Demographic information

Multivitamin Calcium Vitamin D Vitamin C

No
(n [ 334)

Yes
(n [ 350)

No
(n [ 489)

Yes
(n [ 195)

No
(n [ 397)

Yes
(n [ 287)

No
(n [ 564)

Yes
(n [ 120)

Participant sex

 ��������������������������������
P valuea

��������������������������������!
0.76 < 0.0001 < 0.0001 0.011

 ���������������������������������
n (%)

���������������������������������!
Male 122 (49.6) 124 (50.4) 219 (89.0) 27 (11.0) 186 (75.6) 60 (24.4) 215 (87.4) 31 (12.6)

Female 212 (48.4) 226 (51.6) 270 (61.6) 168 (38.4) 211 (48.2) 227 (51.8) 349 (79.7) 89 (20.3)

Income category (annual)

 ��������������������������������
P valuea

��������������������������������!
0.71 0.23 0.85 0.19

 ���������������������������������n (%)���������������������������������!
<$50,000 63 (49.2) 65 (50.8) 84 (65.6) 44 (34.4) 77 (60.2) 51 (39.8) 99 (77.3) 29 (22.7)

%50,000-<$100,000 109 (50.9) 105 (49.1) 153 (71.5) 61 (28.5) 122 (57) 92 (43) 176 (82.2) 38 (17.8)

$100,000þ 162 (47.4) 180 (52.6) 252 (73.7) 90 (26.3) 198 (57.9) 144 (42.1) 289 (84.5) 53 (15.5)

Age in 2015 (y)

 �������������������������������P valuea ��������������������������������!
0.033 < 0.0001 < 0.0001 0.0002

 ���������������������������������n (%)���������������������������������!
<50 141 (54.0) 120 (46.0) 219 (83.9) 42 (16.1) 189 (72.4) 72 (27.6) 233 (89.3) 28 (10.7)

�50 193 (45.6) 230 (54.4) 270 (63.8) 153 (36.2) 208 (49.2) 215 (50.8) 331 (78.3) 92 (21.7)

Body mass index category

 �������������������������������P valuea
��������������������������������!

0.64 0.09 0.017 0.78

 ���������������������������������n (%)���������������������������������!
Under/normal
weight (�25)

134 (48.4) 143 (51.6) 186 (67.1) 91 (32.9) 144 (52) 133 (48) 225 (81.2) 52 (18.8)

Overweight (>25-<30) 100 (46.9) 113 (53.1) 155 (72.8) 58 (27.2) 127 (59.6) 86 (40.4) 177 (83.1) 36 (16.9)

Obese (30þ) 100 (51.5) 94 (48.5) 148 (76.3) 46 (23.7) 126 (64.9) 68 (35.1) 162 (83.5) 32 (16.5)

Race/ethnicity

 ��������������������������������P valuea �������������������������������!
0.59 0.22 0.12 0.50

 ���������������������������������n (%)���������������������������������!
Non-Hispanic White 199 (47.3) 222 (52.7) 293 (69.6) 128 (30.4) 232 (55.1) 189 (44.9) 351 (83.4) 70 (16.6)

Non-Hispanic Black 82 (51.3) 78 (48.8) 123 (76.9) 37 (23.1) 98 (61.3) 62 (38.8) 127 (79.4) 33 (20.6)

Hispanic 53 (51.5) 50 (48.5) 73 (70.9) 30 (29.1) 67 (65.0) 36 (35.0) 86 (83.5) 17 (16.5)

Current smoker

 �������������������������������P valuea
��������������������������������!

0.60 0.48 0.97 0.07

 ���������������������������������
n (%)

���������������������������������!
No 320 (48.6) 338 (51.4) 472 (71.7) 186 (28.3) 382 (58.1) 276 (41.9) 546 (83.0) 112 (17.0)

Yes 14 (53.8) 12 (46.2) 17 (65.4) 9 (34.6) 15 (57.7) 11 (42.3) 18 (69.2) 8 (30.8)
(continued on next page)
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Table 1. Baseline demographic information, by supplement intake use from all sources at the first food frequency questionnaire
(FFQ-1), in the Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016 (N ¼ 684) (continued)

Demographic information

Multivitamin Calcium Vitamin D Vitamin C

No
(n [ 334)

Yes
(n [ 350)

No
(n [ 489)

Yes
(n [ 195)

No
(n [ 397)

Yes
(n [ 287)

No
(n [ 564)

Yes
(n [ 120)

Educationb

 �������������������������������
P valuea

��������������������������������!
0.20 0.84 0.78 0.40

 ���������������������������������
n (%)

���������������������������������!
<4-y College graduate 86 (55.1) 70 (44.9) 110 (70.5) 46 (29.5) 87 (55.8) 69 (44.2) 123 (78.8) 33 (21.2)

4-y College graduate 104 (45.8) 123 (54.2) 166 (73.1) 61 (26.9) 133 (58.6) 94 (41.4) 189 (83.3) 38 (16.7)

Graduate degree 135 (48.7) 142 (51.3) 198 (71.5) 79 (28.5) 164 (59.2) 113 (40.8) 232 (83.8) 45 (16.2)

Vitamin E Folic Acid Fish Oil Glucosamine

No
(n [ 625)

Yes
(n [ 59)

No
(n [ 648)

Yes
(n [ 36)

No
(n [ 488)

Yes
(n [ 196)

No
(n [ 595)

Yes
(n [ 89)

Participant sex

 �������������������������������
P valuea

��������������������������������!
0.36 0.034 0.54 0.16

 ����������������������������������
n (%)

��������������������������������!
Male 228 (92.7) 18 (7.3) 239 (97.2) 7 (2.8) 172 (69.9) 74 (30.1) 208 (84.6) 38 (15.4)

Female 397 (90.6) 41 (9.4) 409 (93.4) 29 (6.6) 316 (72.1) 122 (27.9) 387 (88.4) 51 (11.6)

Income category (annual)

 �������������������������������
P valuea

��������������������������������!
0.61 0.11 0.37 0.91

 ����������������������������������
n (%)

�������������������������������!
<$50,000 115 (89.8) 13 (10.2) 117 (91.4) 11 (8.6) 90 (70.3) 38 (29.7) 110 (85.9) 18 (14.1)

$50,000 -<$100,000 194 (90.7) 20 (9.3) 202 (94.4) 12 (5.6) 146 (68.2) 68 (31.8) 186 (86.9) 28 (13.1)

$100,000þ 316 (92.4) 26 (7.6) 329 (96.2) 13 (3.8) 252 (73.7) 90 (26.3) 299 (87.4) 43 (12.6)

Age in 2015 (y)

 �������������������������������
P valuea

��������������������������������!
0.008 0.006 0.002 < 0.0001

 ��������������������������������
n (%)

����������������������������������!
<50 248 (95.0) 13 (5.0) 255 (97.7) 6 (2.3) 204 (78.2) 57 (21.8) 245 (93.9) 16 (6.1)

�50 377 (89.1) 46 (10.9) 393 (92.9) 30 (7.1) 284 (67.1) 139 (32.9) 350 (82.7) 73 (17.3)

 �������������������������������
P valuea

��������������������������������!
BMI category 0.93 0.48 0.43 0.72

 �������������������������������n (%)����������������������������������!
Under/normal
weight (�25)

254 (91.7) 23 (8.3) 259 (93.5) 18 (6.5) 203 (73.3) 74 (26.7) 239 (86.3) 38 (13.7)

Overweight
(>25-<30)

195 (91.5) 18 (8.5) 204 (95.8) 9 (4.2) 145 (68.1) 68 (31.9) 184 (86.4) 29 (13.6)

Obese (30þ) 176 (90.7) 18 (9.3) 185 (95.4) 9 (4.6) 140 (72.2) 54 (27.8) 172 (88.7) 22 (11.3)
(continued on next page)
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Table 1. Baseline demographic information, by supplement intake use from all sources at the first food frequency questionnaire
(FFQ-1), in the Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016 (N ¼ 684) (continued)

Vitamin E Folic Acid Fish Oil Glucosamine

No
(n [ 625)

Yes
(n [ 59)

No
(n [ 648)

Yes
(n [ 36)

No
(n [ 488)

Yes
(n [ 196)

No
(n [ 595)

Yes
(n [ 89)

Race/ethnicity

 �������������������������������
P valuea

��������������������������������!
0.65 0.29 0.24 0.71

 �������������������������������
n (%)

����������������������������������!
Non-Hispanic White 388 (92.2) 33 (7.8) 403 (95.7) 18 (4.3) 299 (71) 122 (29) 368 (87.4) 53 (12.6)

Non-Hispanic Black 144 (90.0) 16 (10.0) 148 (92.5) 12 (7.5) 121 (75.6) 39 (24.4) 140 (87.5) 20 (12.5)

Hispanic 93 (90.3) 10 (9.7) 97 (94.2) 6 (5.8) 68 (66) 35 (34) 87 (84.5) 16 (15.5)

Current smoker

 �������������������������������
P valuea

��������������������������������!
0.59 0.22 0.49 0.41

 �������������������������������n (%)����������������������������������!
No 602 (91.5) 56 (8.5) 622 (94.5) 36 (5.5) 471 (71.6) 187 (28.4) 571 (86.8) 87 (13.2)

Yes 23 (88.5) 3 (11.5) 26 (100) 0 (0) 17 (65.4) 9 (34.6) 24 (92.3) 2 (7.7)

Educationb

 �������������������������������P valuea ��������������������������������!
0.32 0.35 0.60 0.69

 ���������������������������������n (%)���������������������������������!
<4-y College graduate 143 (91.7) 13 (8.3) 149 (95.5) 7 (4.5) 108 (69.2) 48 (30.8) 136 (87.2) 20 (12.8)

4-y College graduate 202 (89.0) 25 (11.0) 211 (93.0) 16 (7.0) 159 (70.0) 68 (30) 195 (85.9) 32 (14.1)

Graduate degree 257 (92.8) 20 (7.2) 265 (95.7) 12 (4.3) 203 (73.3) 74 (26.7) 245 (88.4) 32 (11.6)

aP values for categorical variables are from c2 tests. P < 0.05 is considered statistically significant.
bParticipants with unknown education are not shown.
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complex supplements captured by the FFQ (FFQ-1) ranged
from 5.3% of participants for folic acid to 42.0% of participants
for vitamin D (Table 3). In addition to folic acid, individual/
complex preparations of vitamin E (8.6%) and glucosamine
(13.0%) were less commonly used by participants.
Weighted k statistics for the comparison of ordinal cate-

gorical responses between the two FFQs measured a year apart
(reproducibility) were 0.67 for multivitamin-mineral supple-
ments and for individual/complex supplements ranged from
0.47 for folic acid to 0.74 for vitamin D with a mean of 0.64
(Table 3). Results were similar between men and women.
Spearman correlations for the comparison of continuous in-
takes derived from all supplement sources for FFQ-1 and FFQ-
2 (reproducibility) for these nutrients are presented by sex in
Table 4. Correlations ranged between 0.58 (vitamin E) to 0.73
(fish oil) among men and similarly from 0.57 (vitamin E) to
0.68 (fish oil) among women. Exploratory analyses were also
conducted stratified by race/ethnicity, but should be inter-
preted cautiously due to the limited sample size for some
groups (Table 5, available at www.jandonline.org).
Tables 6 and 7 (Table 7 is available at www.jandonline.org)

provide the absolute quantity of supplements estimated by
FFQ-1, FFQ-2, and the average from the DR, by sex and race/
ethnicity, respectively, for all DAS participants. Generally, when
1670 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
results differed between the two FFQ time points, the later
results (FFQ-2) tended to be higher. For comparison, Table 8
provides a subset of this information, but limited to those
participants reporting supplement use on both instruments.
Table 8 shows clear differences in estimates for absolute in-
takes of supplements between the FFQ and the average of DR,
with the FFQ generally estimating higher intakes.
Spearman correlation coefficients comparing supplements

measured by FFQ-2 with the average of DR (relative validity)
for supplemental nutrient intakes from all sources ranged
from 0.69 (calcium) to 0.77 (vitamin D) among men, with
similar results among women (Table 4) and among the three
race/ethnic groups (Table 5, available at www.jandonline.
org). The DR DSAM did not estimate glucosamine intakes;
thus, glucosamine intake was not compared across the two
types of assessment methods.
Tables 4 and 5 (Table 5 is available at www.jandonline.org)

also show the Spearman correlations between the average
consumption across DR with the final DR results and the
results comparing constancy of consumption of supplements
(ICC) based on the DSAM DR. These tables also report
Spearman correlations between estimates from FFQ-2 with
the average of DR and separately with the last DR collected
for each participant. For most nutrients, Spearman
September 2022 Volume 122 Number 9
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Table 2. Reported supplement use on the second food frequency questionnaire (FFQ-2), on any diet recall (DR), by both
methods and discordant responses for supplements from all sources, by sex, in the Cancer Prevention Study-3 Diet Assessment
Substudy, 2015-2016a

Supplement N total FFQ-2 DRany
b Bothc

On FFQ-2
but not DR

On DR but
not FFQ-2

Total
Discordant P valued

 ������������������������������
% Reported

������������������������������!
Calcium 0.040

All users 684 57 68 51 5.4 16.7 22.1

Men 246 47 65 43 4.1 22.4 26.4

Women 438 62 69 56 6.2 13.5 19.6

Vitamin C 0.409

All users 684 59 65 54 4.4 10.4 14.8

Men 246 53 61 49 4.1 12.2 16.3

Women 438 62 67 58 4.6 9.4 13.9

Vitamin D 0.002

All users 684 86 75 72 13.7 3.2 17.0

Men 246 79 66 61 18.3 4.9 23.2

Women 438 89 80 78 11.2 2.3 13.5

Vitamin E 0.397

All users 684 77 63 58 19.3 5.3 24.6

Men 246 73 60 53 19.9 6.5 26.4

Women 438 80 66 61 18.9 4.6 23.5

Folic acid 0.129

All users 684 77 62 56 21.1 6.0 27.0

Men 246 81 61 56 25.2 5.3 30.5

Women 438 76 63 57 18.7 6.4 25.1

Fish oile 0.466

All users 684 29 24 19 9.5 4.4 13.9

Men 246 29 25 21 8.5 4.1 12.6

Women 438 29 23 18 10.0 4.6 14.6

aIncludes multivitamins and individual/complex supplements.
bDRany ¼ reported on any DR.
cBoth ¼ reported on both FFQ-2 and on any DR.
dP values from c2 tests comparing sex-specific reporting on the FFQ-2 with reporting on any DR. P < 0.05 denotes a significant difference by sex in the discordance of reporting for that
supplement.
eFish oil values are for n-3 fatty acid.
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correlations for the average across DR collected over the year
with the final DR were high among the subgroups assessed.
Generally, the correlations between FFQ-2 and the average of
DR were similar to those between FFQ-2 and the DR collected
closest to it in time. Finally, the ICC for nutrients reported by
repeated DR in these tables were good, with the exception of
preparations that tend to be consumed seasonally (eg, vita-
mins C and D).
DISCUSSION
In this study of racially and ethnically diverse US men and
women, good reproducibility over a 1-year period was
observed for commonly consumed vitamin/mineral
September 2022 Volume 122 Number 9 JO
supplements estimated by the CPS-3 FFQ. Results were
generally similar within strata of sex and race/ethnicity.
Although there are some differences between absolute values
across methods, Spearman correlations comparing responses
from the FFQ with the average of supplemental intake
collected by multiple DR over 1 year suggest that the CPS-3
FFQ supplement questions rank users fairly well along the
distribution of intakes.
The majority of previous studies that have evaluated the

reproducibility and relative validity of self-reported dietary
supplement use were conducted a number of years ago and
in different populations and may not be directly comparable
to the current results. The Vitamins and Lifestyle (VITAL)
study developed a detailed self-administered questionnaire
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1671



Table 3. One-year reproducibility of multivitamin and individual/complex supplement preparation use between food frequency questionnaire (FFQ) 1 and FFQ-2 in the
Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016

Multivitamin and
individual/
complex supplement
preparation

% Reported at
FFQ-1ab

Overall
(n [ 684)

Men
(n [ 246)

Women
(n [ 438)

Non-Hispanic White
(n [ 421)

Non-Hispanic Black
(n [ 160)

Hispanic
(n [103)

 ���������������������������������������
k statistic (95% CI)

���������������������������������������!
Multivitamin use 51.2 0.67 (0.61 to 0.72) 0.69 (0.60 to 0.78) 0.66 (0.59 to 0.73) 0.69 (0.63 to 0.76) 0.58 (0.45 to 0.70) 0.71 (0.57 to 0.84)

Calcium 28.5 0.72 (0.66 to 0.77) 0.68 (0.54 to 0.82) 0.70 (0.63 to 0.76) 0.77 (0.71 to 0.84) 0.56 (0.40 to 0.71) 0.66 (0.50 to 0.83)

Vitamin C 17.5 0.59 (0.51 to 0.67) 0.58 (0.43 to 0.73) 0.59 (0.50 to 0.68) 0.60 (0.50 to 0.71) 0.57 (0.42 to 0.72) 0.57 (0.37 to 0.78)

Vitamin D 42.0 0.74 (0.69 to 0.79) 0.74 (0.64 to 0.83) 0.72 (0.65 to 0.78) 0.76 (0.70 to 0.82) 0.67 (0.55 to 0.78) 0.77 (0.64 to 0.90)

Vitamin E 8.6 0.50 (0.39 to 0.62) 0.47 (0.24 to 0.71) 0.51 (0.37 to 0.65) 0.64 (0.50 to 0.78) 0.34 (0.12 to 0.57) 0.30 (e0.01 to 0.60)

Folic acid 5.3 0.47 (0.33 to 0.61) 0.52 (0.21 to 0.83) 0.45 (0.29 to 0.62) 0.56 (0.38 to 0.75) 0.28 (0.02 to 0.54) 0.52 (0.15 to 0.89)

Fish oilc 28.7 0.69 (0.63 to 0.75) 0.73 (0.63 to 0.82) 0.67 (0.59 to 0.75) 0.68 (0.60 to 0.76) 0.70 (0.57 to 0.83) 0.70 (0.56 to 0.85)

Glucosamine 13.0 0.71 (0.63 to 0.79) 0.75 (0.63 to 0.87) 0.69 (0.58 to 0.79) 0.74 (0.64 to 0.83) 0.60 (0.41 to 0.80) 0.77 (0.59 to 0.94)

Mean k 24.4 0.64 0.65 0.62 0.68 0.54 0.63

aReported as an individual/complex preparation for calcium; vitamins C, D, and E; folic acid; fish oil; and glucosamine.
bReported use of some individual/complex preparations (eg, folic acid) is relatively uncommon for non-Hispanic Black and Hispanic participant groups.
cFish oil values are for n-3 fatty acid.
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Table 4. Spearman correlations for supplement intakes across food frequency questionnaire (FFQ) 1, FFQ-2, and the dietary
recalls (DRs), by sex, in the Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016a

Sex FFQ-1 vs FFQ-2 FFQ-2 vs DRAVG
b FFQ-2 vs DRLAST

c DRAVG vs DRLAST ICCd (95% CI)

 ������������������Spearman correlation (95% CI)������������������!
Men (n ¼ 246)

Calcium (mg) 0.60 (0.51-0.67) 0.69 (0.62-0.75) 0.71 (0.64-0.76) 0.87 (0.83-0.90) 0.84 (0.81-0.87)

Vitamin C (mg) 0.70 (0.63-0.76) 0.70 (0.63-0.76) 0.75 (0.69-0.80) 0.87 (0.83-0.90) 0.45 (0.39-0.51)

Vitamin D (IU) 0.70 (0.63-0.76) 0.77 (0.71-0.81) 0.79 (0.74-0.83) 0.90 (0.87-0.92) 0.81 (0.78-0.84)

Vitamin E (mg) 0.58 (0.49-0.66) 0.74 (0.68-0.79) 0.81 (0.76-0.85) 0.87 (0.83-0.90) 0.80 (0.77-0.83)

Folic acid (mg) 0.63 (0.55-0.70) 0.70 (0.62-0.75) 0.73 (0.66-0.78) 0.89 (0.86-0.91) 0.74 (0.70-0.78)

Fish oil (ge) 0.73 (0.67-0.79) 0.71 (0.64-0.77) 0.65 (0.57-0.72) 0.85 (0.81-0.88) 0.74 (0.70-0.78)

Women (n ¼ 438)

Calcium (mg) 0.67 (0.62-0.72) 0.77 (0.73-0.81) 0.77 (0.73-0.81) 0.92 (0.90-0.93) 0.84 (0.81-0.86)

Vitamin C (mg) 0.63 (0.57-0.68) 0.71 (0.66-0.75) 0.69 (0.64-0.74) 0.88 (0.85-0.90) 0.75 (0.72-0.78)

Vitamin D (IU) 0.66 (0.60-0.71) 0.75 (0.70-0.79) 0.74 (0.69-0.78) 0.86 (0.83-0.88) 0.36 (0.32-0.41)

Vitamin E (mg) 0.57 (0.50-0.63) 0.71 (0.67-0.76) 0.68 (0.63-0.73) 0.87 (0.85-0.89) 0.72 (0.69-0.75)

Folic acid (mg) 0.58 (0.52-0.64) 0.72 (0.67-0.76) 0.70 (0.65-0.74) 0.91 (0.89-0.93) 0.68 (0.65-0.72)

Fish oil (ge) 0.68 (0.63-0.73) 0.65 (0.59-0.70) 0.59 (0.52-0.65) 0.81 (0.77-0.84) 0.47 (0.43-0.52)

aValues calculated from both multivitamin and individual/complex supplement use.
bAVG ¼ average across DRs.
cLAST ¼ diet recall closest to FFQ-2.
dICC ¼ intraclass correlation coefficient of the 3 to 6 DRs.
eFish oil values are for grams n-3 fatty acid.

RESEARCH
to collect information on supplemental intakes of 16 vitamins
and minerals used currently and over the past 10 years.18 In-
vestigators evaluated reproducibility of the responses for
supplement use over the past 10 years using two self-
administered questionnaires collected 3 months apart in 220
(51% men, 94% non-Hispanic White, and all aged >50 years)
Washington State residents. Reproducibility of current sup-
plement use was not reported. Overall, supplement use was
more common in their study than in the present study, with
58% reporting taking a multivitamin-mineral supplement.
Weighted k statistics for long-term reproducibility of individ-
ual supplements ranged from 0.58 for calcium to 0.75 for
folate. In comparison, weighted k statistics of 0.47 for folate
and 0.72 for calcium were observed in this study, albeit for a
shorter time interval. Folic acid supplement use was relatively
limited in this population, and more variable over time,
especially among women (k statistic for reproducibility for
women, which was 0.45 vs men, which was 0.52), possibly
because some women of childbearing ages were included.
Three previous studies have carefully evaluated the validity

of supplement data alone without combining with dietary
intake.17-19 Patterson and colleagues17 compared their self-
administered supplement questionnaire (similar to the
Block FFQ) to data collected later on in an in-person interview
among 104 participants (57% women; 91% non-Hispanic
White) in the Washington State Cancer Risk Behavior Sur-
vey. Participants were asked to refer to their supplement
bottles when completing the questionnaire and to bring
bottles and labels to the in-person interview. Spearman cor-
relations for the comparison of supplemental nutrient intake
September 2022 Volume 122 Number 9 JO
for six nutrients measured by the two methods ranged from a
low of 0.08 for iron to 0.76 for vitamin C.17 In the current
study, similar correlations were reported between FFQ-2 data
and the average of DR for nutrients measured in both studies
(eg, vitamins C and E, calcium, and folic acid).
To evaluate validity, the VITAL study compared current

supplement use measured by a self-reported questionnaire in
a closed-ended format (similar to FFQ collection here) to
supplement use data collected via an in-person interview
using an open-ended format allowing for more precise
reporting (similar to telephone interviews here).18 Pearson’s
correlation coefficients for nutrients in the VITAL study,
which were also evaluated in the current study (as Spearman
correlations) ranged from 0.68 (vitamin D) to 0.81 (vitamin E)
compared with 0.77/0.75 (men/women for vitamin D) and
0.74/0.71 (men/women for vitamin E) reported here.18

The Supplement Reporting study (SURE) was an ancillary
study of participants from the multiethnic cohort selected
in part because they reported regular supplement use at
least once a week over the previous year.19 Participants (n ¼
1,029; 51% women) completed a self-administered short,
supplement frequency questionnaire (SFQ), selecting from
three categories to report frequency of use for multivita-
mins, complex preparations, and individual preparations.
Dose information was collected for vitamins C and E only;
other supplements were assigned a default dose for the SFQ.
A subset of SURE participants (n ¼ 375) also participated in
quarterly home inventory interviews with study staff over 1
year where supplement bottle labels were photographed
and recorded, pills were counted, and doses were noted.
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1673



Table 6. Median and interquartile range (IQR) for supplement intakes across food frequency questionnaire (FFQ) 1, FFQ-2, and
the diet recalls (DRs), by sex, in the Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016a

Multivitamin/supplement FFQ-1 FFQ-2 DRAVG
b DRLAST

c

 ��������������������������Median (IQR)��������������������������!
Men (n ¼ 246)

Calcium (mg) 0 (210) 0 (210) 34 (199) 0 (200)

Vitamin C (mg) 13 (100) 13 (100) 22 (106) 0 (90)

Vitamin D (IU) 343 (750) 400 (1400) 250 (750) 137 (700)

Vitamin E (mg) 1.9 (15.4) 1.4 (20.1) 2.5 (13.8) 0 (13.5)

Folic acid (mg) 29 (400) 50 (400) 71 (383) 0 (400)

Fish oil (gd) 0 (0.3) 0 (0.3) 0 (0) 0 (0)

Women (n ¼ 438)

Calcium (mg) 100 (672) 200 (700) 125 (500) 100 (500)

Vitamin C (mg) 30 (120) 60 (200) 33 (99) 20 (90)

Vitamin D (IU) 800 (1,499) 1,000 (1,857) 798 (1,701) 680 (1,800)

Vitamin E (mg) 1.9 (13.5) 6.5 (44.9) 4.9 (12.9) 2.3 (13.5)

Folic acid (mg) 57 (400) 115 (799) 146 (384) 90 (400)

Fish oil (gd) 0 (0.3) 0 (0.26) 0 (0) 0 (0)

aValues calculated from both multivitamin and individual/complex supplement use.
bAVG ¼ average across diet recalls.
cLAST ¼ diet recall closest to FFQ-2.
dFish oil values are for grams n-3 fatty acid.

RESEARCH
Both prevalence and quantity of the supplements consumed
were captured for the inventory method. Prevalence of
supplement use was generally higher among SURE partici-
pants compared with DAS participants. For example,
approximately 70% of SURE participants reported
consuming multivitamins on an SFQ, whereas 50% of DAS
participants reported multivitamin use on an FFQ. DAS re-
sults for agreement (ie, not discordant) across methods for
any use of a supplement ranged between approximately
73% for folic acid to 86% for fish oil (Table 2). In SURE,
agreement for folic acid and fish oil were 93% and 89%,
respectively. As in the present study, SURE investigators
reported better agreement for prevalence of use between
their two methods when the supplements were consumed
by a greater percentage of participants. Spearman correla-
tions comparing across methods (FFQ-2 vs average of DR)
among nutrients of interest in DAS ranged between 0.65
(fish oil) to 0.77 (calcium) among women and 0.69 (cal-
cium) and 0.77 (vitamin D) among men (Table 4). In com-
parison, SURE reported Pearson correlations of 0.71 and
0.74 for fish oil and calcium, respectively, among women,
and 0.61 and 0.59 for calcium and vitamin D, respectively,
among men.19

Constancy of supplement intake over 1 year as measured
by repeated DR was of interest in the DAS because the ease of
starting and stopping supplement use could contribute to
discrepancies between estimates by the DR and the FFQ.
Nevertheless, these results (eg, ICC; see Tables 4 and 5
[Table 5 is available at www.jandonline.org]) suggest that
over 1 year participants’ dietary supplement intake for most
supplements was relatively constant. Further, it was possible
1674 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
that Spearman correlations between the FFQ-2 and average
supplement use reported over the past year for the DR would
be lower than correlations between the FFQ-2 and the DR
supplement data collected most closely in time to FFQ-2;
however, these results were similar. In contrast to the pre-
sent results, Patterson and colleagues27 compared estimates
of average supplemental intake over the past 10 years (albeit
a much longer time frame) with current intakes among 325
US adults and reported that current micronutrient intakes
were approximately double the averages intake reported for
the previous decade. These results suggest that supplement
intakes may change over longer periods, supporting repeat
measurement of dietary supplement use.
Strengths of this study include the large sample, including

both men and women and non-Hispanic White, non-
Hispanic Black, and Hispanic participants. For the most
part, participants were similar to the overall CPS-3 cohort,
although DAS participants tended to be more educated and
have somewhat higher incomes than the overall cohort.20-22

In addition, collection of repeated estimates of dietary
supplement intake over a year in large samples are un-
common. This design feature allowed us to more accurately
capture seasonal supplement use (eg, vitamins C and D).
There are also some limitations to this research. Both of the
assessment methods used were self-reported and subject to
measurement error.14,15 For some supplements of interest,
participants reported low use overall, and any results should
be interpreted cautiously. The reproducibility analyses per-
formed were limited to 1 year; these analyses do not
address supplement intake reproducibility over an extended
period. Lower reproducibility among certain groups may
September 2022 Volume 122 Number 9
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Table 8. Median and interquartile range (IQR) for
supplement intakes across the second food frequency
questionnaire (FFQ-2) and the average of diet recalls among
those reporting use on both instruments, by sex, in the
Cancer Prevention Study-3 Diet Assessment Substudy,
2015-2016a

Supplement Nb FFQ-2 DRAVG
c

 �����Median (IQR)�����!
Calcium (mg)

All users 351 500 (600) 327 (565)

Men 106 210 (500) 198 (213)

Women 245 614 (700) 458 (646)

Vitamin C (mg)

All users 372 120 (252) 80 (123)

Men 120 100 (140) 87.3 (107)

Women 252 120 (283) 71.9 (129)

Vitamin D (IU)

All users 491 1,057 (1,400) 1,000 (1,458)

Men 150 1,000 (1,600) 679 (961)

Women 341 1,143 (1,201) 1,122 (1,444)

Vitamin E (mg)

All users 398 20.1 (37.3) 11.5 (14.1)

Men 131 20.1 (16.8) 13.5 (14.9)

Women 267 25.7 (37.4) 10.9 (13.4)

Folic acid (mg)

All users 386 400 (572) 356 (200)

Men 137 300 (229) 356 (247)

Women 249 403 (571) 357 (200)

Fish oil (gd)

All users 132 1.18 (0.80) 0.20 (0.31)

Men 51 1.50 (0.96) 0.25 (0.44)

Women 81 1.07 (0.75) 0.19 (0.26)

aValues calculated from both multivitamins and individual/complex supplement us.
bNumber of users who reported use on both the FFQ-2 and any dietary recall.
cDR ¼ diet recall average.
dFish oil values are for grams n-3 fatty acid.

RESEARCH
indicate that intakes have changed. In addition, analyses
were conducted in a population interested in cancer pre-
vention and may not be generalizable to other less-health-
conscious populations.
CONCLUSIONS
These results suggest the FFQ used in CPS-3 has good
reproducibility and relative validity for commonly consumed
vitamin/mineral supplements. These findings support future
analyses using the dietary supplement data in the CPS-3
cohort and future analyses in similar populations using the
dietary assessment methods used in this study to explore
associations of interest in the prevention and control of
cancer and other chronic diseases and in cancer survivorship.
September 2022 Volume 122 Number 9 JO
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Table 5. Spearman correlations for supplement intakes across food frequency questionnaire (FFQ) 1, FFQ-2, and the diet recalls
(DRs), by race/ethnicity, in the Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016a

Race/ethnicity FFQ-1 vs FFQ-2 FFQ-2 vs DRAVG
b FFQ-2 vs DRLAST

c DRAVG vs DRLAST ICCd (95% CI)

 �������������������Spearman correlation (95% CI)�����������������!
Non-Hispanic White (n ¼ 421)

Calcium (mg) 0.71 (0.65-0.75) 0.79 (0.75-0.82) 0.79 (0.75-0.82) 0.92 (0.90-0.93) 0.85 (0.82-0.86)

Vitamin C (mg) 0.68 (0.52-0.73) 0.73 (0.68-0.77) 0.73 (0.68-0.77) 0.90 (0.87-0.91) 0.60 (0.56-0.64)

Vitamin D (IU) 0.70 (0.64-0.74) 0.79 (0.75-0.82) 0.78 (0.74-0.81) 0.92 (0.91-0.93) 0.53 (0.49-0.57)

Vitamin E (mg) 0.64 (0.58-0.69) 0.73 (0.68-0.77) 0.73 (0.68-0.77) 0.88 (0.86-0.90) 0.75 (0.72-0.78)

Folic acid (mg) 0.65 (0.59-0.70) 0.74 (0.69-0.78) 0.73 (0.68-0.77) 0.91 (0.89-0.92) 0.76 (0.73-0.78)

Fish oil (g) 0.70 (0.65-0.75) 0.66 (0.60-0.71) 0.60 (0.54-0.66) 0.81 (0.78-0.84) 0.55 (0.51-0.59)

Non-Hispanic Black (n ¼ 160)

Calcium (mg) 0.48 (0.35-0.59) 0.65 (0.55-0.73) 0.67 (0.57-0.74) 0.87 (0.82-0.90) 0.79 (0.74-0.83)

Vitamin C (mg) 0.62 (0.51-0.70) 0.62 (0.52-0.71) 0.66 (0.56-0.73) 0.79 (0.73-0.84) 0.71 (0.65-0.76)

Vitamin D (IU) 0.61 (0.51-0.70) 0.69 (0.60-0.76) 0.72 (0.64-0.79) 0.76 (0.68-0.82) 0.21 (0.15-0.28)

Vitamin E (mg) 0.42 (0.29-0.54) 0.64 (0.54-0.73) 0.69 (0.60-0.76) 0.83 (0.77-0.87) 0.59 (0.52-0.65)

Folic acid (mg) 0.48 (0.34-0.59) 0.64 (0.54-0.72) 0.64 (0.54-0.72) 0.87 (0.82-0.90) 0.52 (0.45-0.59)

Fish oil (g) 0.68 (0.58-0.75) 0.70 (0.61-0.77) 0.60 (0.49-0.69) 0.84 (0.78-0.88) 0.71 (0.65-0.76)

Hispanic (n ¼ 103)

Calcium (mg) 0.70 (0.58-0.78) 0.75 (0.65-0.82) 0.79 (0.70-0.85) 0.91 (0.87-0.94) 0.90 (0.86-0.92)

Vitamin C (mg) 0.64 (0.51-0.74) 0.77 (0.67-0.83) 0.74 (0.63-0.81) 0.92 (0.88-0.95) 0.86 (0.82-0.89)

Vitamin D (IU) 0.73 (0.62-0.81) 0.77 (0.68-0.84) 0.75 (0.65-0.82) 0.90 (0.85-0.93) 0.82 (0.77-0.86)

Vitamin E (mg) 0.50 (0.34-0.63) 0.79 (0.70-0.85) 0.77 (0.68-0.84) 0.90 (0.86-0.93) 0.97 (0.96-0.98)

Folic acid (mg) 0.62 (0.48-0.72) 0.74 (0.63-0.81) 0.74 (0.64-0.82) 0.93 (0.90-0.95) 0.87 (0.83-0.90)

Fish oil (g) 0.74 (0.63-0.82) 0.66 (0.53-0.75) 0.65 (0.51-0.74) 0.84 (0.78-0.89) 0.75 (0.68-0.80)

aValues calculated from both multivitamin and individual/complex supplement use.
bAVG ¼ average across diet recalls.
cLAST ¼ diet recall closest to FFQ-2.
dICC ¼ intraclass correlation coefficient of the 3 to 6 diet recalls.
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Table 7. Median and interquartile range (IQR) for supplement intakes across food frequency questionnaire (FFQ) 1, FFQ-2, and
the diet recalls (DR), by race/ethnicity, in the Cancer Prevention Study-3 Diet Assessment Substudy, 2015-2016a

Race/ethnicity FFQ-1 FFQ-2 DRAVG
b DRLAST

c

 ������������������������������Median (IQR)������������������������������!
Non-Hispanic White (n ¼ 421)

Calcium (mg) 30 (600) 100 (600) 109 (417) 53 (433)

Vitamin C (mg) 21.4 (120) 34 (120) 33 (100) 25 (97)

Vitamin D (IU) 600 (1,200) 800 (1,999) 550 (1,378) 500 (1,550)

Vitamin E (mg) 2.0 (15.4) 6.4 (25.7) 4.5 (13.7) 1.9 (13.5)

Folic acid (mg) 57 (400) 114 (400) 133 (398) 100 (400)

Fish oil (g) 0 (0.3) 0 (0.3) 0 (0) 0 (0)

Non-Hispanic Black (n ¼ 160)

Calcium (mg) 0 (400) 100 (400) 57 (299) 0 (227)

Vitamin C (mg) 9 (120) 57 (200) 30 (109) 0 (71)

Vitamin D (IU) 457 (1,335) 629 (1,999) 571 (1,520) 400 (1,173)

Vitamin E (mg) 1.0 (13.6) 6.4 (36.0) 4.7 (12.0) 0 (13.5)

Folic acid (mg) 29 (400) 143 (457) 133 (333) 0 (400)

Fish oil (g) 0 (0) 0 (0.11) 0 (0) 0 (0)

Hispanic (n ¼ 103)

Calcium (mg) 0 (600) 57 (600) 74.94 (370) 50 (340)

Vitamin C (mg) 34 (120) 17 (120) 14 (84) 8 (75)

Vitamin D (IU) 500 (1,057) 601 (1,600) 561 (1,289) 387 (1,600)

Vitamin E (mg) 1.9 (13.5) 2.2 (20.1) 2.1 (11.8) 0 (11.5)

Folic acid (mg) 57 (400) 57 (400) 33 (360) 0 (400)

Fish oil (g) 0 (0.4) 0 (0.5) 0 (0.03) 0 (0)

aValues calculated from both multivitamin and individual/complex supplement use.
bAVG ¼ average across diet recalls.
cLAST ¼ diet recall closest to FFQ-2.
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ABSTRACT
Background Alcohol and tobacco are the major risk factors for oral and pharyngeal
cancer, but diet is likely to have a role, too.
Objective The objective was to analyze the relationship between adherence to the
2015-2020 Dietary Guidelines for Americans (DGA), as measured by the Healthy Eating
Index 2015 (HEI-2015), and oral and pharyngeal cancer risk. Moreover, this work aimed
to quantify the number of avoidable cases under different scenarios of increased
adherence to the DGA, with the use of the potential impact fraction. This estimates the
proportion of cases that would occur if the distribution of the risk factor in the popu-
lation followed an alternative distribution.
Design A multicenter, caseecontrol study was conducted in Italy between 1991 and
2009. Participants’ usual diet for the 2 years preceding study enrolment was assessed
using a food frequency questionnaire.
Participants and setting Cases were 946 patients admitted to major hospitals with
incident, histologically confirmed oral and pharyngeal cancer. Controls were 2,492 pa-
tients admitted to the same hospitals for acute non neoplastic conditions.
Main outcome measures The adherence to the DGA was assessed using the HEI-2015
score (range ¼ 0 to 100), based on 13 components. The outcome was oral and
pharyngeal cancer.
Statistical analyses performed Odds ratios and the corresponding 95% CIs were
estimated using multiple logistic regression models adjusted for tobacco, alcohol, and
other relevant covariates. The potential impact fraction was estimated under different
scenarios of adherence to the DGA.
Results In this Italian population the HEI-2015 score ranged from 33.4 to 97.5. A higher
HEI-2015 score was associated with a lower risk of oral and pharyngeal cancer, with an
odds ratio of 0.70 (95% CI 0.62 to 0.79) for a 10-point increment of the score. The
estimated potential impact fraction was 64.8% under the maximum achievable reduc-
tion scenario, and it ranged from 9% to 27% following other more feasible scenarios.
Conclusions The HEI-2015 score was inversely related to oral and pharyngeal cancer
risk in this Italian population. This analysis allowed for the estimation of the fraction of
preventable cases, under different feasible scenarios. A share of 9% to 27% of avoidable
cases of oral and pharyngeal cancer might be obtained across real-world scenarios of
adherence to the DGA as measured by the HEI-2015 score.
J Acad Nutr Diet. 2022;122(9):1677-1687.
O
RAL AND PHARYNGEAL CANCER IS THE EIGHTH
most common neoplasm globally, with a five-fold
higher incidence in men than in women.1-4 Major
risk factors for this cancer are tobacco smoking and

alcohol drinking, and their interaction.5-7 In addition, several
aspects of diet have been previously reported to influence
oral and pharyngeal cancer risk. These include a favorable
effect of fiber,8,9 vegetables, fruit,10,11 and olive oil,12,13 and an
unfavorable effect of specific types of meat.11

Evidence considering dietary patterns instead of single
dietary components strongly supports the importance of
assessing the relationship between dietary patterns and oral
and pharyngeal cancer.14 A systematic review on a posteriori-
derived dietary patterns (ie, derived using multivariate sta-
tistical methods on the available data) and upper aero-
digestive tract cancers showed a beneficial role of fruit- and
vegetable-based dietary patterns, and an unfavorable role of
alcohol-based dietary patterns.15 Within the International
Head and Neck Cancer Epidemiology (INHANCE) consortium
pooled dataset, the risk of oral and pharyngeal cancer was
inversely related to an Antioxidant Vitamins and Fiber
pattern and to a Fats pattern.16

Among the a priori-defined dietary patterns (ie,
comparing participants’ diet against benchmark diets),17

adherence to the Mediterranean Diet was inversely related
to oral and pharyngeal cancer risk in Italian and Swiss
OURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1677

http://www.jandonline.org
http://www.jandonline.org
https://doi.org/10.1016/j.jand.2021.04.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jand.2021.04.020&domain=pdf


RESEARCH SNAPSHOT

Research Question: Does a higher adherence to the Dietary
Guidelines for Americans, as measured by the 2015 Healthy
Eating Index, reduce the risk of oral and pharyngeal cancer?
How many oral and pharyngeal cancer cases would have
been avoided by increasing adherence to the Dietary
Guidelines for Americans in all individuals or in specific
subgroups of the population?

Key Findings: In this caseecontrol study, a higher adherence
to the Dietary Guidelines for Americans was associated with
a significantly lower risk of oral and pharyngeal cancer.
Interventions that led to specific changes of adherence
would be associated with a 9% to 27% lower risk of this
cancer, depending on the degree of change.

RESEARCH
studies,18,19 as well as in the National Institutes of
HealtheAmerican Association of Retired Persons (NIH-AARP)
Diet and Health Study.20 From a public health perspective,
index-based diet quality scores built on national and inter-
national guidelines are of particular interest. Among them,
the Healthy Eating Index (HEI) is a measure of diet quality
based on the adherence to the Dietary Guidelines for Amer-
icans (DGA). The most recent version of the HEI is the HEI-
2015, which assesses adherence to the 2015-2020 DGA.21-23

Previous studies have reported that diets characterized by
higher HEI scores—according to different releases of the
guidelines e are associated with improved health outcomes,
including all-cause, cardiovascular, and cancer mortality,24,25

and the risk of cancer at different sites.25-28 However, only
one study has reported an inverse association between the
HEI-2005 score and the development of head and neck can-
cer,20 and no study focused specifically on oral and pharyn-
geal cancer risk.
In the present multicenter Italian caseecontrol study, the

relation between diet quality as assessed by the HEI-2015
score and oral and pharyngeal cancer risk was investigated.
Moreover, in the current article, an estimate of the HEI-2015-
related cancer risk was integrated with a comparison of the
proportion of avoidable cases under different hypothetical
public health scenarios of improvement of diet quality in the
population. To accomplish this aim, the potential impact
fraction (PIF)29-31 was introduced—which estimates the pro-
portion of cases that would occur in the case that the dis-
tribution of a risk factor in the population followed an
alternative distribution. This novel approach is expected to
predict the possible implications on oral and pharyngeal
cancer cases of different real-world dietary interventions
targeting all individuals or specific subgroups of the
population.

MATERIALS AND METHODS
Design and Participants
A multicenter caseecontrol study on oral and pharyngeal
cancer was conducted between 1991 and 2009 in three Ital-
ian centers (Pordenone, Milan, and Latina).32,33 Cases were
946 patients (756 men and 190 women; median age ¼ 58
years, range ¼ 22 to 79 years) admitted to major hospitals in
the study areas, with incident, histologically confirmed oral
and pharyngeal cancer. Controls were 2,492 patients (1,497
men and 995 women; median age ¼ 58 years, range ¼ 19 to
82 years) admitted to the same hospitals as cases for a wide
spectrum of acute, non neoplastic conditions, unrelated to
known risk factors for oral and pharyngeal cancer, and not
associated with long-term changes in dietary habits. Controls
were frequency matched with cases according to study center
and age (5-year). To compensate for the rarity of oral and
pharyngeal cancer in women, an overrepresentation of fe-
male (vs male) controls was adopted.
Among controls, 19% were admitted for trauma (mostly

fractures and sprains), 21% for other orthopedic conditions
(such as low back and disc disorders), 51% for acute surgical
conditions (mostly abdominal, such as strangulated hernia),
and 9% for various other acute conditions (such as eye, ear,
nose, skin, and dental disorders). The study has been per-
formed in accordance with the ethical standards of the
Declaration of Helsinki and was approved by the ethics
1678 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
committees of the participating centers. The participants
provided written informed consent.

Data Collection and Food Frequency Questionnaire
At each center, participants’ data were collected by in-
terviewers who were centrally trained and routinely super-
vised, and used the same structured (paper and pencil)
questionnaire and coding manual. The questionnaire
collected information on sociodemographic characteristics,
including education and occupation, lifetime smoking and
alcohol-drinking habits, physical activity, anthropometric
measures at various ages, a problem-oriented personal
medical history, and family history of cancer. Within the main
questionnaire, a food frequency questionnaire (FFQ) was used
to assess participants’ habitual diet with reference to the 2
years preceding cancer diagnosis (for cases) or hospital
admission (for controls). The participants were asked to
indicate their average weekly consumption of 78 food items,
recipes, and nonalcoholic beverages; an additional section of
the questionnaire addressed the consumption of alcoholic
beverages typical of the Italian tradition. For most food items,
predefined portions were indicated in grams, with “small,”
“average,” and “large” options. Other food items were defined
in terms of natural unit (eg, 1 egg or 1 kiwi fruit). For a few
vegetables and fruits, duration of consumption in months
was asked in addition to the average weekly consumption, to
take into account seasonal consumptions. Complex recipes
were subdivided in portions of their main ingredients (eg,
lasagna was subdivided in pasta and red meat). Intakes lower
than once a week, but greater than once per month (eg,
twice per month) were coded as 0.5 per week. To estimate
the nutrient and total energy intakes an Italian food
composition database was used.34 The validity of the FFQ has
been assessed using as reference a 7-day dietary record
repeated in two different seasons, finding most Pearson un-
adjusted deattenuated coefficients with values between 0.50
and 0.7035; moreover, the reproducibility of the FFQ at 3 to 10
months was good, with Spearman correlation coefficients
ranging between 0.6 and 0.8 for most food items36 and
Pearson correlation coefficients (unadjusted for energy) be-
tween 0.6 and 0.7 for most nutrients37; alcohol consumption
also showed satisfactory reproducibility and validity.38 The
FFQ-derived daily intakes for both nutrients and foods were
September 2022 Volume 122 Number 9
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used to calculate the HEI-2015 score for each participant, as
described below.

HEI-2015
Diet quality in the present study was assessed using the
simple HEI scoring algorithm for the calculation of the HEI-
2015 per the National Cancer Institute’s HEI website.39 The
HEI-2015 is the most recent HEI version, reflecting adherence
to the 2015-2020 DGA.21,23 The HEI-2015 is density-based
(eg, amounts per 1,000 total kcal). In the current analysis
the investigators refer to total energy intake in kilocalories,
including calories contributed from alcohol. The total score is
a sum of 13 items: nine adequacy components (total fruits,
whole fruits, total vegetables, greens and beans, whole grains,
dairy, total protein foods, seafood and plants proteins, and
fatty acids) and four moderation components (refined grains,
sodium, added sugars, and saturated fats). For the HEI-2015
components that are expressed in cups (ie, total fruits,
whole fruits, total vegetables, greens and beans, and dairy),
the food items that were originally expressed in grams in the
Italian FFQ were converted into cups equivalents (c eq) before
calculating the corresponding component; details on the
criteria used for the conversion are in Table 1 (available at
www.jandonline.org).40 For the HEI-2015 components that
are expressed in ounces (whole grains, total protein foods,
seafood and plant proteins, and refined grains), intakes in
grams were divided by 28.4 to obtain the corresponding
intake in ounces. For the whole-grains component, the Italian
FFQ provided only one food item that fits the component
definition (ie, whole-grain bread), in the absence of infor-
mation collected on other whole-grains products. Each HEI-
2015 component is generally scored between 0 (noncompli-
ance) and 10 (highest compliance); a maximum score of 5 is
assigned to each subcategory pairs (eg, total vegetables and
greens and beans). For each participant, component-specific
values are compared with predefined minimum and
maximum reference standards, as shown in Table 2. For each
component, values between the minimum and maximum
standards are scored proportionately between 0 and 10 (or 5
for the subcomponents). Then, all the components were
summed up, and therefore, the total HEI-2015 score is a
continuous measure ranging from a minimum of 0 to a
maximum of 100, with higher HEI-2015 scores indicating
greater compliance to the 2015-2020 DGA.22

Statistical Analyses
The odds ratios (ORs) and the corresponding 95% CIs were
estimated for a 10-point increment of the total HEI-2015
score, using multiple logistic regression models, including
terms for age (<50, 50 to 59, 60 to 69, and �70 years), sex,
study center, period of enrolment in the study (1991-1997,
1998-2003, and 2004-2009), years of education (<7, 7 to 11,
and �12 years of schooling), tobacco smoking status (never,
former, and current smoker) and intensity (<15, 15 to 24, and
�25 cigarettes/day), alcohol drinking status (never, former,
and current drinker) and intensity (<2, 2 to 3, and �4 drinks/
day), the interaction between tobacco smoking and alcohol
drinking intensities, body mass index (BMI) (< 20, 20 to 24,
25 to 29, and � 30 kg/m2), and total energy intake (<1,784;
1,785 to 2,142; 2,143 to 2,496; 2,497 to 2,981; and �2,982
kcal/day, according to the quintile distribution among
September 2022 Volume 122 Number 9 JO
controls). The ORs, and the corresponding 95% CI, were also
estimated in strata of sex, age, education, BMI, tobacco
smoking, and alcohol drinking. Heterogeneity across strata
was tested with the likelihood ratio test.
Furthermore, the PIF was estimated, defined as the pro-

portion of oral and pharyngeal cancer cases that would have
been avoided in the case that the observed distribution of the
adherence to 2015-2020 DGA had been modified according to
an alternative distribution (ie, counterfactual scenario),
which is characterized by greater compliance to the DGA.29-31

Further details on this approach are provided in Figure 1
(available at www.jandonline.org).29,30,41-46 To take into ac-
count that in caseecontrol studies the ratio of controls to
cases is fixed a priori and does not represent the disease
prevalence in the population, the method proposed by Fer-
guson and colleagues44 was adopted to correct the imbalance
between cases and controls in the sample. Briefly, the
method consists of weighting the log-likelihood function in
order to estimate unbiased disease probabilities from the
regression model and to correctly estimate the PIF. A weight
of 1 was assigned to each case and a weight of ð1�pÞ=ðv$pÞ to
each control, where p is the prevalence of oral and pharyn-
geal cancer in the population and v is the ratio of controls to
cases. A prevalence of 81 � 10e6 was adopted, corresponding
to the prevalence of oral and pharyngeal cancer according to
the latest release of the Italian Consortium of Cancer
Registries.47

In addition, the following six scenarios were defined:

� A shift to the highest observed HEI-2015 score for all
participants (maximum achievable reduction);

� A 10-point increment in the HEI-2015 score distribu-
tion for all study participants (global intervention);

� A 1/3 increment for participants in the first quartile
and a 1/4 increment for participants in the second
quartile of HEI-2015 score distribution (1/3 Q1 and 1/4
Q2);

� A 1/3 increment for participants in the 2nd quartile
and a 1/4 increment for participants in the third
quartile of the HEI-2015 score distribution (1/3 Q2 and
1/4 Q3);

� A 1/9 increment for participants in the first quartile
and a 1/12 increment for participants in the second
quartile of the HEI-2015 distribution (1/9 Q1 and 1/12
Q2); and

� A 1/9 increment for participants in the second quartile
and a 1/12 increment for participants in the third
quartile of the HEI-2015 score distribution (1/9 Q2 and
1/12 Q3).

As a sensitivity analysis, the HEI-2015 score was recalcu-
lated excluding each component one at a time, and the ORs
were re-estimated through logistic regression models to
evaluate the relative importance of each component.
The main statistical analyses were performed with SAS.48

Calculations of the PIF were performed using the open-
source statistical computing environment R with its pifpaf
package.49,50
RESULTS
Table 2 shows the component scoring system of the total HEI-
2015 score and the median daily amount for each component,
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Table 2. Healthy Eating Index-2015 (HEI-2015) scoring system, and median daily intakes for each component among cases and controls in a multicenter study evaluating the
association between diet quality and oral and pharyngeal cancer risk, Italy 1991-2009

Component
Maximum
score

Standard for maximum
score

Standard for minimum
score of zero

Daily amount of each
component

Cases Controls

median (Q1-Q3a)

Adequacy

Total fruits 5 �0.8 c eq per 1,000 kcal No fruits 0.8 (0.5-1.3) c eq per 1,000 kcal 1.2 (0.7-1.8) c eq per 1,000 kcal

Whole fruits 5 �0.4 c eq per 1,000 kcal No whole fruits 0.8 (0.4-1.2) c eq per 1,000 kcal 1.1 (0.7-1.7) c eq per 1,000 kcal

Total vegetables 5 �1.1 c eq per 1,000 kcal No vegetables 0.8 (0.5-1.0) c eq per 1,000 kcal 1.0 (0.7-1.3) c eq per 1,000 kcal

Greens and beans 5 �0.2 c eq per 1,000 kcal No dark green vegetables or
legumes

0.3 (0.2-0.5) c eq per 1,000 kcal 0.4 (0.3-0.7) c eq per 1,000 kcal

Whole grainsb 10 �1.5 oz eq per 1,000 kcal No whole grains 0 (0-0) oz eq per 1,000 kcal 0 (0-0) oz eq per 1,000 kcal

Dairy 10 �1.3 c eq per 1,000 kcal No dairy 0.5 (0.3-0.7) c eq per 1,000 kcal 0.5 (0.3-0.8) c eq per 1,000 kcal

Total protein foods 5 �2.5 oz eq per 1,000 kcal No protein foods 3.6 (3.0-4.5) oz eq per 1,000 kcal 3.9 (3.3-4.7) oz eq per 1,000 kcal

Seafood and plant
proteins

5 �0.8 oz eq per 1,000 kcal No seafood or plant proteins 0.8 (0.5-1.2) oz eq per 1,000 kcal 1.0 (0.7-1.5) oz eq per 1,000 kcal

Fatty acids 10 (PUFAsc þ MUFAsd)/SFAse

� 2.5
(PUFAsc þ MUFAsd)/SFAse

� 1.2
1.8 (1.5-2.2) 1.9 (1.6-2.3)

Moderation

Refined grains 10 �1.8 oz eq per 1,000 kcal � 4.3 oz eq per 1,000 kcal 3.9 (3.1-4.8) oz eq per 1,000 kcal 4.0 (3.2-4.9) oz eq per 1,000 kcal

Sodium 10 �1.1 g per 1,000 kcal � 2.0 g per 1,000 kcal 0.8 (0.7-1.0) g per 1,000 kcal 0.9 (0.8-1.0) g per 1,000 kcal

Added sugars 10 �6.5% of energy � 26% of energy 4.7 (2.3-8.1) % of energy 4.8 (3.0-7.1) % of energy

Saturated fats 10 �8% of energy � 16% of energy 9.7 (8.0-11.5) % of energy 10.1 (8.7-11.7) % of energy

Energy intakef 2,571 (2,065-3,270) kcal 2,326 (1,887-2,836) kcal

minimumemaximum
median (Q1-Q3 a)

Total HEI-2015 score 33.4-87.7
63.8 (58.6-68.3)

36.1-97.5
66.6 (62.3-70.5)

aQ1-Q3 ¼ first quartile-third quartile.
bThe whole grains component was measured with one food frequency questionnaire food item (ie, whole-grain bread), and the percentage of regular whole grains consumers was low (9% among cases and 13% among controls).
cPUFA ¼ polyunsaturated fatty acids.
dMUFA ¼ monounsaturated fatty acids.
eSFA ¼ saturated fatty acids.
fEnergy intake including calories derived from alcohol.
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Table 3. Distribution of oral and pharyngeal cancer cases
and corresponding controls according to selected
covariates, Italy 1991-2009

Covariate Cases Controls

 ������
n (%)

������!
Age (y)

< 50 190 (20.1) 583 (23.4)

50-59 313 (33.1) 734 (29.5)

60-69 329 (34.8) 837 (33.6)

� 70 114 (12.1) 338 (13.6)

Sex

Men 756 (79.9) 1497 (60.1)

Women 190 (20.1) 995 (39.9)

Education (y)a

< 7 553 (58.7) 1272 (51.3)

7-11 260 (27.6) 726 (29.3)

� 12 128 (13.6) 483 (19.5)

Body mass index (kg/m2)

< 20 90 (9.5) 120 (4.8)

20-< 25 447 (47.3) 921 (37.0)

25-< 30 322 (34.0) 1101 (44.2)

� 30 87 (9.2) 350 (14.0)

Tobacco smokinga

Never smoker 137 (14.5) 1077 (43.3)

Former smoker 256 (27.2) 761 (30.6)

Current smoker (cigarettes/d)

< 15 125 (13.3) 280 (11.3)

15-24 274 (29.1) 283 (11.4)

� 25 150 (15.9) 86 (3.5)

Alcohol drinking (drinks/d)a

< 2 188 (19.9) 1207 (48.4)

2-< 4 176 (18.6) 653 (26.2)

4-< 8 201 (21.3) 448 (18.0)

� 8 381 (40.3) 182 (7.3)

aThe sum does not add up to the total because of missing values.
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according to the scoring system, as well as of daily total en-
ergy intake among cases and controls. Among the adequacy
components, the median amount of total fruits was 0.8 c eq/
1,000 kcal (Q1 to Q3 ¼ 0.5 to 1.3 c eq/1,000 kcal) among cases
and 1.2 c eq/1,000 kcal (Q1 to Q3 ¼ 0.7 to 1.8 c eq/1,000 kcal)
among controls. The median amount for whole fruits was 0.8
c eq/1,000 kcal (Q1 to Q3 ¼ 0.4 to 1.2 c eq/1,000 kcal) in cases
and 1.1 c eq/1,000 kcal (Q1 to Q3 ¼ 0.7 to 1.7 c eq/1,000 kcal)
in controls. The median amount of total vegetables was 0.8 c
eq/1,000 kcal (Q1 to Q3 ¼ 0.5 to 1.0 c eq/1,000 kcal) among
cases and 1.0 c eq/1,000 kcal (Q1 to Q3 ¼ 0.7 to 1.3 c eq/1,000
kcal) among controls. The corresponding amounts for greens
and beans were 0.3 c eq/1,000 kcal (Q1 to Q3 ¼ 0.2 to 0.5 c
eq/1,000 kcal) among cases and 0.4 c eq/1,000 kcal (Q1 to
Q3 ¼ 0.3 to 0.7 c eq/1,000 kcal) among controls. The median
amount for total protein foods was 3.6 oz eq/1,000 kcal (Q1 to
Q3 ¼ 3.0 to 4.5 oz eq/1,000 kcal) among cases and 3.9 oz eq/
1,000 kcal (Q1 to Q3 ¼ 3.3 to 4.7 oz eq/1,000 kcal) among
controls. The corresponding amounts for seafood and plant
proteins were 0.8 oz eq/1,000 kcal (Q1 to Q3 ¼ 0.5 to 1.2 oz
eq/1,000 kcal) in cases and 1.0 oz eq/1,000 kcal (Q1 to Q3 ¼
0.7 to 1.5 oz eq/1,000 kcal) in controls. As for the moderation
components, the median amount of added sugars was 4.7% of
total energy (Q1 to Q3 ¼ 2.3% to 8.1%) among cases and 4.8%
of total energy (Q1 to Q3 ¼ 3.0% to 7.1%) among controls. The
corresponding amounts for saturated fats were 9.7% of total
energy (Q1 to Q3 ¼ 8.0% to 11.5%) among cases and 10.1% of
total energy (Q1 to Q3 ¼ 8.7% to 11.7%) among controls. The
majority of cases and controls did not report consuming
whole grains. For the remaining components (ie, dairy, fatty
acids, refined grains, and sodium), median intakes appeared
similar for cases and controls. Total energy intake appeared
higher in cases (median ¼ 2,571 kcal, Q1 to Q3 ¼ 2,065 to
3,270 kcal) than in controls (median ¼ 2,326 kcal, Q1 to Q3 ¼
1,887 to 2,836 kcal).
The total HEI-2015 score ranged between 33.4 and 87.7

among cases and between 36.1 and 97.5 among controls, with
median values equal to 63.8 and 66.6, respectively.
Table 3 provides the distribution of oral and pharyngeal

cancer cases and corresponding controls according to
selected covariates (including age, sex, education, BMI, to-
bacco smoking, and alcohol drinking). Cases were more
frequently and more heavily exposed to tobacco smoking and
alcohol drinking than controls.
After adjusting for major confounding factors, including the

interaction between alcohol and tobacco, the OR was 0.70
(95% CI 0.62 to 0.79) for a 10-point increment of the total HEI-
2015 score (Table 4). In the stratified analyses, the risk esti-
mates appeared different in men (OR 0.78, 95% CI 0.67 to
0.90) and women (OR 0.54, 95% CI 0.42-0 to 68; P for heter-
ogeneity ¼ 0.055). The inverse association between the HEI-
2015 and oral and pharyngeal cancer was consistently
observed across strata of the remaining covariates, including
age, education (except for age �12 years), BMI, alcohol
drinking, and among never/former smokers and current
smokers up to 25 cigarettes/day, whereas there was no as-
sociation among heavy smokers, in the absence of a signifi-
cant heterogeneity across strata. In the sensitivity analysis,
risk estimates were consistent with those from the main
analysis. In particular, the ORs and corresponding CIs were all
below 1.00, ranging from 0.66 (95% CI 0.58 to 0.75)—obtained
when the component “Refined grains” was excluded—to 0.72
September 2022 Volume 122 Number 9 JO
(95% CI 0.64 to 0.82)—obtained when the “Added sugars”
component was excluded (data not shown).
Figure 2 shows the kernel density estimation of the HEI-

2015 score distribution as observed in the population under
investigation, compared with the six counterfactual scenarios
(dashed lines), with the corresponding PIFs and 95% CIs
superimposed to each plot. Under scenario A (maximum
achievable reduction), assuming that all participants had
shifted to the highest observed HEI-2015 score, the proportion
of oral and pharyngeal cancer cases that would have been
avoided was 64.8% (95% CI 57.7% to 80.8%). Under scenario B
(global intervention), all the participants had a 10-point
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1681



Table 4. Adjusted odds ratio (OR) and corresponding 95%
CI for oral and pharyngeal cancer according to the Healthy
Eating Index-2015 (HEI-2015) total score and across strata of
selected covariates, Italy 1991-2009

Analysis
Cases/
controls OR (95% CI)

Overall HEI-2015 score

10-point increment a 0.70 (0.62-0.79)

Stratifiedb

Sex

Male 756/1497 0.78 (0.67-0.90)

Female 190/995 0.54 (0.42-0.68)

Age (y)

< 60 503/1317 0.67 (0.56-0.80)

� 60 443/1175 0.74 (0.63-0.88)

Education (y)

< 7 553/1272 0.66 (0.55-0.78)

7-11 260/726 0.78 (0.62-0.98)

� 12 133/494 0.78 (0.57-1.06)

Body mass index

< 25 537/1041 0.64 (0.53-0.76)

� 25 409/1451 0.77 (0.65-0.91)

Tobacco smoking

Never/former smoker 393/1838 0.68 (0.58-0.81)

Current smoker, <25
cigarettes/d

399/563 0.65 (0.52-0.81)

Current smoker, �25
cigarettes/d

150/86 1.09 (0.70-1.68)

Alcohol drinking (drinks/d)

< 2 188/1209 0.63 (0.51-0.78)

2-3 176/653 0.75 (0.57-0.99)

�4 582/630 0.72 (0.60-0.88)

aOR for a 10-point increment in the HEI-2015 score was esitmated from a logistic
regression model adjusted for age, sex, study center, period of enrolment in the study,
years of education, tobacco smoking status and intensity, alcohol drinking status and
intensity, interaction between tobacco smoking and alcohol drinking intensities, body
mass index, and total energy intake.
bORs in strata of selected covariates were estimated for a 10-point increment in the HEI-
2015 score from logistic regression models adjusted for age, sex, center, period of
enrolment in the study, years of education, tobacco smoking status and intensity,
alcohol drinking status and intensity, interaction between tobacco smoking and alcohol
drinking intensities, body mass index, and total energy intake, when appropriate.

RESEARCH
increment in their HEI-2015 score, and this led to PIF ¼ 26.9%
(95% CI 20.7% to 33.8%). Across the remaining scenarios, the
PIFs were 25.7% (95% CI 20.5% to 32.9%) for scenario C (1/3 Q1
and 1/4 Q2), 21.4% (95% CI 17.0% to 25.5%) for the scenario D
(1/3 Q2 and 1/4 Q3), 10.2% (95% CI 7.5% to 13.3%) for scenario E
(1/9 Q1 and 1/12 Q2), and 8.6% (95% CI 6.3% to 10.6%) for
scenario F (1/9 Q2 and 1/12 Q3). The estimated PIF for the
1682 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
scenario D was comparable to that of scenario C, and likewise
the influence of the scenarios E and F was similar.
Table 5 shows the mean differences between the counter-

factual and the observed HEI-2015 distributions; the mean
increment required by the hypothesized scenarios was
calculated for the overall population (left column) and for
each specific quartile category (columns on the right). The
scenarios B, C, and D required a mean increment of about 10
points (from 8.7 for C to 10.0 for B) to the whole population.
This increment was evenly distributed across quartiles in B. In
C and D, an increment of at most 21 points (18.7 and 21.3,
respectively) was required in two out of the four quartile
categories, whereas no intervention was proposed to the
remaining quartiles (half of the population). In E and F, the
mean increment for the whole population is of about 3 points
(2.9 and 3.2, respectively), with increments in the targeted
quartile categories ranging from 5.3 (Q2 for E) to 7.1 (Q2 for F)
points.
DISCUSSION
The present study supports an inverse relation between the
total HEI-2015 score and oral and pharyngeal cancer, with a
30% of risk reduction for a 10-point increment in the score.
Such an inverse relationship appeared stronger inwomen than
in men, whereas it seemed consistent across strata of other
selected covariates. After the exclusion from the total HEI-2015
score of each component in turn, the risk reduction was
confirmed, indicating that the association was not due to the
adherence to one specific recommendation, but rather by the
combined role of all the components included in the score.
The present work also investigated the burden of oral and

pharyngeal cancer cases that would have been avoided under
possible alternative scenarios of adherence to the 2015-2020
DGA. This approach is useful to predict and compare the
estimated effect of different forms of adherence to the 2015-
2020 DGA, according to hypothesized public health in-
terventions on the population. A maximum achievable oral
and pharyngeal cancer reduction of 65% was estimated, un-
der the assumption that all study participants had been
shifted to the highest 2015-2020 DGA adherence; however,
this scenario is difficult to be obtained in real life. Under an
alternative scenario, all participants could have increased
their adherence to the 2015-2020 DGA by 10 HEI-2015 score
points, irrespective of their initial score, and this would have
led to about 27% of avoidable oral and pharyngeal cancer
cases; however, this scenario implies that all participants
would have modified their adherence to the same extent.
Based on the simulations in the present study, a similar share
of avoidable oral and pharyngeal cancer cases would have
been achieved involving only half of the population, accord-
ing to scenarios C and D. The scenarios E and F would require
a limited effort, with a mean increment of 3 points, and a
potential fraction of avoidable cases of about 9% or 10%. The
estimated avoidable cases were similar in scenarios targeting
the lower half of the population (first and second quartile) or
the central half of the population (second and third quartile),
with the same extent of increment in the HEI-2015 score
(comparing scenarios C and D, and E and F, respectively).
Only one study has investigated the association between

the HEI-2005 score (reflecting the 2005 DGA) and head and
neck cancer.20 Based on 1,868 incident cancers of the oral
September 2022 Volume 122 Number 9
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Figure 2. Kernel density distribution of the observed Healthy Eating Index-2015 (HEI-2015) score, potential impact fraction (PIF), and
corresponding 95% CI, under 6 different counterfactual scenarios.
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cavity, oropharynx, and larynx identified from 494,967 NIH-
AARP Diet and Health prospective study participants, the
study highlighted that higher HEI-2005 scores were associ-
ated with a 26% and 52% decreased risk of head and neck
cancers, in men and women, respectively.20 Considering
cancer subtypes from the same study, higher HEI-2005 scores
were associated with a significant 42% reduced risk of oral
Table 5. Mean differences for the Healthy Eating Index (HEI) 201
according to different counterfactual scenarios, Italy 1991-2009

Scenario Whole Sample 1

 ���������������

Maximum achievable reduction 31.9 (7.4) 41.4

Global intervention (10-point increment) 10.0 (0.0) 10.0

1/3 Q1 and 1/4 Q2 increments 8.7 (8.8) 18.7

1/3 Q2 and 1/4 Q3 increments 9.6 (9.7) No

1/9 Q1 and 1/12 Q2 increments 2.9 (2.9) 6.2

1/9 Q2 and 1/12 Q3 increments 3.2 (3.2) No

September 2022 Volume 122 Number 9 JO
cavity cancer in women, a non significant 16% reduced risk of
oral cavity cancer in men, and a non significant reduced risk
of oral and pharyngeal cancer in both women (58%) and men
(36%). Similarly, in the present study the risk reduction
appeared higher in women then in men.
In its different versions over the years, the HEI score has

been generally inversely related to health outcomes,
5 score (counterfactual HEI-2015 e observed HEI-2015),

Quartile of HEI-2015 Total Score

2 3 4

�����
mean (standard deviation)

��������������������!
(4.8) 33.6 (1.3) 29.5 (1.2) 23.2 (4.2)

(0.0) 10.0 (0.0) 10.0 (0.0) 10.0 (0.0)

(1.6) 16.0 (0.3) No intervention No intervention

intervention 21.3 (0.4) 17.0 (0.3) No intervention

(0.5) 5.3 (0.1) No intervention No intervention

intervention 7.1 (0.1) 5.7 (0.1) No intervention

URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1683



RESEARCH
including cancer. A recently updated meta-analysis showed
that higher scores of HEI or alternate HEI or Dietary Ap-
proaches to Stop Hypertension diet index were associated
with a 13% reduction in cancer incidence and 15% reduction
in cancer mortality, based on 29 and 16 reports, respectively,
published between 2017 and 2020.26 In the NIH-AARP Diet
and Health study, higher HEI-2005 scores were inversely
associated with esophageal squamous cell carcinoma and
esophageal adenocarcinoma.51 Risk reductions of 15% and
30% were found in the same study for higher HEI scores and
pancreatic cancer (HEI-2005)52 and hepatocellular carcinoma
(HEI-2010).53 A significant inverse association with naso-
pharyngeal cancer risk was also reported for the HEI-2005
score in a Chinese case-control study.54 Finally, the Multi-
ethnic Cohort supported an inverse association between total
HEI-2010 score and colorectal cancer risk, in both men and
women,55 in line with a systematic review reporting risk
reductions of 20% to 56% in the highest score categories.28

This inverse association between compliance with 2015-
2020 DGA and oral and pharyngeal cancer risk may be due to
the fact that a diet rich in whole fruits and vegetables, le-
gumes, dairy products, fish and plant proteins, and low in
refined grains, added sugars, and saturated fats, has a pro-
tective role.10,15,56 The protective role of fruit and vegetables
has been well documented not only in regard to cancer, but
also in regard to other chronic diseases.57 Fruits and vegeta-
bles contain bioactive antioxidant components (such as
folate, vitamins C and E, phytosterols, phenols, and flavo-
noids), micro- and macronutrients and fibers, that may
favorably influence oral and pharyngeal cancer risk in an
independent as well as synergic way.58,59 This might explain
why studies investigating the role of single nutrients or food
groups have generally provided weaker evidence than
studies on dietary patterns.60,61

The results of the present study are compatible with those
obtained using other a priori-based dietary indexes, such as
the Mediterranean Diet Score and its variants, the Dietary
Approaches to Stop Hypertension dietary index, and the Di-
etary Diversity Score.62 In particular, the Mediterranean Diet
Score, the Mediterranean Dietary Pattern Adherence, and the
Mediterranean Adequacy Index were inversely related with
oral and pharyngeal cancer risk for increasing levels of such
scores, with risk reductions higher than 50%, in the present
study population.19 In the NIH-AARP Diet and Health study
the alternate Mediterranean Diet Score was associated with a
lower head and neck cancer risk in women and possibly in
men.20 Moreover, findings of the present study are consistent
with those from a previous Italian study using the Mediter-
ranean Diet Score18 and with those from the International
Head and Neck Cancer Epidemiology consortium based on a
posteriori-derived dietary patterns.16

The HEI-2015 score appears less strongly associated with
oral and pharyngeal cancer, compared with other a priori
dietary patterns, such as the Mediterranean Diet Score,
calculated using the same population.19 This may be due to
the fact that the HEI-2015 score is built on the 2015-2020
DGA, which are targeted to the US population, whereas the
Italian population tends to be more compliant with the
Mediterranean Diet, rich in raw vegetables and fruit, le-
gumes, and oils, all components with a possible favorable
effect in regard to cancer risk.63,64 Owing the differences
between US and Italian dietary habits, it may be argued that
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Italians are more likely to get optimal scores for some HEI-
2015 components (eg, fruit, vegetables, greens, and beans),
than are Americans, and that the scores are likely truncated
at the high end for such components.
Alcohol intake and tobacco smoking are well-established

risk factors for oral and pharyngeal cancer.6,7 In the popula-
tion under investigation, as well as in others, men were more
likely to be exposed to alcohol drinking and tobacco smoking
than women.6,65 The present findings also indicate that a
higher HEI-2015 score, as a proxy of a healthier diet, has a
limited protective role against the risk of oral and pharyngeal
cancer among heavy tobacco users.
Among the limitations of the present study, there are its

hospital-based caseecontrol design and related biases. In
caseecontrol studies, the only feasible choice for dietary
assessment is an instrument that queries past diet, such as an
FFQ. However, intakes from FFQs are likely biased, and energy
adjustment is necessary to reduce the measurement er-
ror.39,66 Moreover, differential bias, including different mea-
surement error among cases and controls, may occur.66 It is
conceivable, for example, that cases and controls differ sys-
tematically in what they can tolerate or in how they report
food intake. To reduce the potential differential bias, the FFQ
was administered under similar conditions to both cases and
controls by centrally trained interviewers. To limit selection
bias among controls, diagnoses related to tobacco use, alcohol
drinking, and dietary habits modifications were excluded.
The high participation rate of cases and controls is a further
element against selection bias. Another possible concern is
the wide period of recruitment of the present study, during
which dietary habits in the adult general populations may
have changed. However, stratified analyses showed that the
inverse association with HEI-2015 was consistent across pe-
riods of enrolment in the study (data not shown).
Beyond being crucial for descriptive purposes, index-based

summary scores aim at assessing whether the dietary guide-
lines delivered to a population, if followed, could result in a
reduction of the specific disease risk. In its ability to capture
recommendations included in the 2015-2020 DGA, the HEI-
2015 score can be used to assess the influence of different
degrees of adherence to these guidelines on several health
outcomes. In the present study, the adherence to such dietary
guidelines has been related to the risk of oral and pharyngeal
cancer. The HEI-2015 score has been applied to the Italian
population, which is different from the US population, for
whom this index was originally developed.67 Various degrees
of subjectivity are implicated in the interpretation of the
guidelines and construction of the corresponding scores (eg,
which foods are selected for inclusion).17 The availability of
specific food items in the FFQs is also a matter of concern. For
example, although captured by the FFQ, the whole grains
component of the HEI-2015 score was based on a smaller
number of FFQ items than in any US-based FFQ (namely on
whole-grains bread only, see Materials and Methods HEI
section). No other whole-grains product (eg, rice, pasta, oats,
and other cereals) was collectedwithin the Italian FFQ used; in
principle, an underestimation of this component cannot be
ruled out. However, it should be taken in account that con-
sumption of whole-grains foods in Italy at the time of data
collection was limited and it was essentially based on whole-
grains bread only; availability and consumption of other
whole-grains products (including rice, oats, and other cereals)
September 2022 Volume 122 Number 9
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was extremely scanty at that time. In detail, the third Italian
National Food Consumption Survey 2005-2006, a national
survey conducted on a sample of 3,323 individuals during that
period, revealed that bread represented about 40% of total
cereals,68 but only 10% of adult men and 22% of adult women
consumed whole-grains bread at least once during the sur-
vey.64 This is in line with the percentage of regular whole-
grain bread consumers (9% among cases and 13% among
controls) identified by the FFQ of the present study. As an
additional check, a reanalysis of the open questions of the FFQ
of the present study confirmed a negligible proportion of
participants reporting consumption of other whole grains
(data not shown). The main implication of this difference in
consumption between the Italian and the US populations is
that the total HEI-2015 score reported here should not be
formally comparedwith other reported HEI-2015 scores in the
literature: based on this FFQ, a median Italian consumer in the
1990s and 2000s was, indeed, less likely to reach the
maximum available HEI-2015 score of 100. In the present
analysis, the median intakes of whole grains were not mate-
rially different between cases and controls (see Table 2), and
this reassures against any potential effect of this issue on the
assessment of oral and pharyngeal cancer risk. Finally, the
simple HEI scoring algorithm was adopted to calculate the
total HEI-2015 score for each participant from the single
components described. The currently available guidelines
from the US National Cancer Institute allowed for following
this approach when dietary information was collected with a
FFQ.39 However, the development of multivariate Markov
Chain Monte Carlo methods for relating HEI score to an
outcome measure is expected to improve similar analyses.69

A few limitations concern the statistical analyses, too. The
OR estimates for a 10-point increment—and consequently the
PIF estimates—have implicitly assumed that differences in the
score have a stable association with oral and pharyngeal
cancer risk all along the score range, and this assumption
may be too simplistic. Moreover, the method used for PIF
estimation does not take into account correlations between
multiple risk factors.
Among the strengths of the present study, the question-

naire included detailed information on sociodemographic
characteristics, lifetime smoking and alcohol-drinking habits,
physical activity, anthropometric measures at various ages,
and a problem-oriented personal medical history. This
allowed us to control for several potential confounding fac-
tors. The inverse association between the HEI-2015 score and
oral and pharyngeal cancer risk was maintained after
adjustment for different covariates and was generally
consistent across strata. In addition, the FFQ used in this
study was tested for reproducibility and validity with
moderate-to-good results.
CONCLUSIONS
A higher HEI-2015 score was significantly associated with a
lower risk of oral and pharyngeal cancer in the Italian pop-
ulation under consideration. These findings confirm the
importance of considering diet as a comprehensive exposure
in its association with cancer risk, although its role is likely
more limited in heavy alcohol drinkers or tobacco smokers. In
addition, the combined use of the HEI score and PIF was
explored as a way to predict the potential effect of dietary
September 2022 Volume 122 Number 9 JO
changes in selected subgroups with a different adherence to
the DGA, and to quantify the resulting fraction of preventable
cancer cases.

References
1. Argiris A, Karamouzis MV, Raben D, Ferris RL. Head and neck cancer.

Lancet. 2008;371(9625):1695-1709.

2. Bosetti C, Bertuccio P, Malvezzi M, et al. Cancer mortality in Europe,
2005-2009, and an overview of trends since 1980. Ann Oncol.
2013;24(10):2657-2671.

3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

4. Garavello W, Bertuccio P, Levi F, et al. The oral cancer epidemic in
central and eastern Europe. Int J Cancer. 2010;127(1):160-171.

5. Bravi F, Lee YA, Hashibe M, et al. Lessons learned from the INHANCE
consortium: an overview of recent results on head and neck cancer.
Oral Dis. 2021;27(1):73-93.

6. Hashibe M, Brennan P, Chuang SC, et al. Interaction between tobacco
and alcohol use and the risk of head and neck cancer: pooled anal-
ysis in the International Head and Neck Cancer Epidemiology Con-
sortium. Cancer Epidemiol Biomarkers Prev. 2009;18(2):541-550.

7. Winn DM, Lee YC, Hashibe M, Boffetta P, consortium I. The INHANCE
consortium: toward a better understanding of the causes and
mechanisms of head and neck cancer. Oral Dis. 2015;21(6):685-693.

8. Kawakita D, Lee YA, Turati F, et al. Dietary fiber intake and head and
neck cancer risk: a pooled analysis in the International Head and Neck
Cancer Epidemiology consortium. Int J Cancer. 2017;141(9):1811-1821.

9. Soler M, Bosetti C, Franceschi S, et al. Fiber intake and the risk of oral,
pharyngeal and esophageal cancer. Int J Cancer. 2001;91(3):283-287.

10. Chuang SC, Jenab M, Heck JE, et al. Diet and the risk of head and neck
cancer: a pooled analysis in the INHANCE consortium. Cancer Causes
Control. 2012;23(1):69-88.

11. World Cancer Research Fund International/American Insitute for for
Cancer Research. Continuous Update Project. Diet, Nutrition, Physical
Activity and Cancer of the Mouth, Pharynx and Larynx. Washington,
DC: American Institute for Cancer Research; 2018.

12. Bosetti C, Pelucchi C, La Vecchia C. Diet and cancer in Mediterranean
countries: carbohydrates and fats. Public Health Nutr. 2009;12(9A):
1595-1600.

13. Pelucchi C, Bosetti C, Negri E, Lipworth L, La Vecchia C. Olive oil and
cancer risk: an update of epidemiological findings through 2010.
Curr Pharm Des. 2011;17(8):805-812.

14. Steck SE, Murphy EA. Dietary patterns and cancer risk. Nat Rev
Cancer. 2020;20(2):125-138.

15. Bravi F, Edefonti V, Randi G, Ferraroni M, La Vecchia C, Decarli A.
Dietary patterns and upper aerodigestive tract cancers: an overview
and review. Ann Oncol. 2012;23(12):3024-3039.

16. Edefonti V, Hashibe M, Ambrogi F, et al. Nutrient-based dietary
patterns and the risk of head and neck cancer: a pooled analysis in
the International Head and Neck Cancer Epidemiology consortium.
Ann Oncol. 2012;23(7):1869-1880.

17. Moeller SM, Reedy J, Millen AE, et al. Dietary patterns: challenges
and opportunities in dietary patterns research an Experimental
Biology workshop, April 1, 2006. J Am Diet Assoc. 2007;107(7):1233-
1239.

18. Bosetti C, Gallus S, Trichopoulou A, et al. Influence of the Mediter-
ranean diet on the risk of cancers of the upper aerodigestive tract.
Cancer Epidemiol Biomarkers Prev. 2003;12(10):1091-1094.

19. Filomeno M, Bosetti C, Garavello W, et al. The role of a Mediterra-
nean diet on the risk of oral and pharyngeal cancer. Br J Cancer.
2014;111(5):981-986.

20. Li WQ, Park Y, Wu JW, et al. Index-based dietary patterns and risk of
head and neck cancer in a large prospective study. Am J Clin Nutr.
2014;99(3):559-566.

21. US Department of Health and Human Services and US Department of
Agriculture. Dietary Guidelines for Americans 2015-2020 eight edi-
tion. Accessed January 1, 2021. https://health.gov/our-work/food-
nutrition/2015-2020-dietary-guidelines/guidelines/.
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1685

http://refhub.elsevier.com/S2212-2672(21)00301-4/sref1
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref1
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref2
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref2
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref2
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref3
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref3
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref3
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref3
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref4
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref4
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref5
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref5
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref5
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref6
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref6
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref6
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref6
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref7
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref7
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref7
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref8
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref8
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref8
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref9
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref9
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref10
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref10
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref10
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref11
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref11
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref11
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref11
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref12
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref12
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref12
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref13
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref13
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref13
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref14
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref14
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref15
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref15
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref15
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref16
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref16
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref16
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref16
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref17
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref17
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref17
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref17
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref18
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref18
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref18
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref19
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref19
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref19
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref20
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref20
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref20
https://health.gov/our-work/food-nutrition/2015-2020-dietary-guidelines/guidelines/
https://health.gov/our-work/food-nutrition/2015-2020-dietary-guidelines/guidelines/


RESEARCH
22. Krebs-Smith SM, Pannucci TE, Subar AF, et al. Update of the Healthy
Eating Index: HEI-2015. J Acad Nutr Diet. 2018;118(9):1591-1602.

23. Dietary Guidelines Advisory Committee. Scientific Report of the 2015 Di-
etary Guidelines Advisory Committee: Advisory Report to the Secretary of
Health and Human Services and the Secretary of Agriculture. Washington,
DC: US Department of Agriculture, Agricultural Research Service; 2015.

24. Onvani S, Haghighatdoost F, Surkan PJ, Larijani B, Azadbakht L.
Adherence to the Healthy Eating Index and Alternative Healthy
Eating Index dietary patterns and mortality from all causes, cardio-
vascular disease and cancer: a meta-analysis of observational
studies. J Hum Nutr Diet. 2017;30(2):216-226.

25. Schwingshackl L, Hoffmann G. Diet quality as assessed by the
Healthy Eating Index, the Alternate Healthy Eating Index, the Dietary
Approaches to Stop Hypertension score, and health outcomes: a
systematic review and meta-analysis of cohort studies. J Acad Nutr
Diet. 2015;115(5):780-800 e785.

26. Morze J, Danielewicz A, Hoffmann G, Schwingshackl L. Diet Quality as
Assessed by the Healthy Eating Index, Alternate Healthy Eating Index,
Dietary Approaches to Stop Hypertension Score, and Health Out-
comes: A Second Update of a Systematic Review and Meta-Analysis of
Cohort Studies. J Acad Nutr Diet. 2020;120(12):1998-2031 e1915.

27. Schwingshackl L, Bogensberger B, Hoffmann G. Diet quality as
assessed by the Healthy Eating Index, Alternate Healthy Eating In-
dex, Dietary Approaches to Stop Hypertension Score, and Health
Outcomes: an updated systematic review and meta-analysis of
cohort studies. J Acad Nutr Diet. 2018;118(1):74-100 e111.

28. Steck SE, Guinter M, Zheng J, Thomson CA. Index-based dietary
patterns and colorectal cancer risk: a systematic review. Adv Nutr.
2015;6(6):763-773.

29. Eide GE, Heuch I. Attributable fractions: fundamental concepts and
their visualization. Stat Methods Med Res. 2001;10(3):159-193.

30. Ezzati M, Hoorn SV, Rodgers A, et al. Estimates of global and regional
potential health gains from reducing multiple major risk factors.
Lancet. 2003;362(9380):271-280.

31. Walter SD. Prevention for multifactorial diseases. Am J Epidemiol.
1980;112(3):409-416.

32. Bravi F, Bosetti C, Filomeno M, et al. Foods, nutrients and the risk of
oral and pharyngeal cancer. Br J Cancer. 2013;109(11):2904-2910.

33. Rossi M, Garavello W, Talamini R, et al. Flavonoids and the risk of
oral and pharyngeal cancer: a case-control study from Italy. Cancer
Epidemiol Biomarkers Prev. 2007;16(8):1621-1625.

34. Gnagnarella P, Parpinel M, Salvini S, Franceschi S, Palli D, Boyle P.
The update of the Italian food composition database. J Food Comp
Analysis. 2004;17(3):509-522.

35. Decarli A, Franceschi S, Ferraroni M, et al. Validation of a food-frequency
questionnaire to assess dietary intakes in cancer studies in Italy. Results
for specific nutrients. Ann Epidemiol. 1996;6(2):110-118.

36. Franceschi S, Negri E, Salvini S, et al. Reproducibility of an Italian
food frequency questionnaire for cancer studies: results for specific
food items. Eur J Cancer. 1993;29A(16):2298-2305.

37. Franceschi S, Barbone F, Negri E, et al. Reproducibility of an Italian
food frequency questionnaire for cancer studies. Results for specific
nutrients. Ann Epidemiol. 1995;5(1):69-75.

38. Ferraroni M, Decarli A, Franceschi S, et al. Validity and reproducibility
of alcohol consumption in Italy. Int J Epidemiol. 1996;25(4):775-782.

39. National Cancer Institute. Healthy Eating Index. Overview & back-
ground of the Healthy Eating Index. Accessed January 1, 2021.
https://epi.grants.cancer.gov/hei/.

40. USDA National Nutrient Database for Standard Reference [database on-
line]. Legacy version: Current. Hyattsville, MD: US Dept of Agriculture.
Agricultural Research Service, Nutrient Data Laboratory; 2018.

41. Bray F, Soerjomataram I. Population attributable fractions continue to
unmask the power of prevention. Br J Cancer. 2018;118(8):1031-1032.

42. Bruzzi P, Green SB, Byar DP, Brinton LA, Schairer C. Estimating the
population attributable risk for multiple risk factors using case-
control data. Am J Epidemiol. 1985;122(5):904-914.

43. Di Maso M, Bravi F, Polesel J, et al. Attributable fraction for multiple
risk factors: methods, interpretations, and examples. Stat Methods
Med Res; 2019. 962280219848471.

44. Ferguson J, Alvarez-Iglesias A, Newell J, Hinde J, O’Donnell M. Estimating
average attributable fractions with confidence intervals for cohort and
case-control studies. Stat Methods Med Res. 2018;27(4):1141-1152.
1686 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
45. Levin ML. The occurrence of lung cancer in man. Acta Unio Int Contra
Cancrum. 1953;9(3):531-541.

46. MacMahon B, Pugh T. Epidemiology Principles and Methods. Boston,
MA: Little, Brown and Company; 1970.

47. Associazione Italiana dei Registri Tumori (AIRTUM). I tumori in Italia
- Rapporto 2014. Prevalenza e guarigione da tumore in Italia. .
Milano, Inferenze Edizioni 2014.

48. SAS [computer program]. Version 9.4. Cary, NC: SAS Institute, Inc;
2014.

49. R: A Language and Environment for Statistical Computing [computer pro-
gram]. Vienna, Austria: R Foundation for Statistical Computing; 2021.

50. Zapeda-Tello R, Camacho-García-Formentí D. pifpaf: Potential
Impact Fraction and Population Attributable Fraction for Cross-
Sectional Data. R package version 1.0.1. Accessed April 1, 2020.
https://CRAN.R-project.org/package¼pifpaf.

51. Li WQ, Park Y, Wu JW, et al. Index-based dietary patterns and risk of
esophageal and gastric cancer in a large cohort study. Clin Gastro-
enterol Hepatol. 2013;11(9):1130-1136 e1132.

52. Arem H, Reedy J, Sampson J, et al. The Healthy Eating Index 2005 and
risk for pancreatic cancer in the NIH-AARP study. J Natl Cancer Inst.
2013;105(17):1298-1305.

53. Li WQ, Park Y, McGlynn KA, et al. Index-based dietary patterns and
risk of incident hepatocellular carcinoma and mortality from chronic
liver disease in a prospective study. Hepatology. 2014;60(2):588-597.

54. Wang C, Lin XL, Fan YY, et al. Diet Quality Scores and risk of naso-
pharyngeal carcinoma in Chinese adults: a case-control study. Nu-
trients. 2016;8(3):112.

55. Park SY, Boushey CJ, Wilkens LR, Haiman CA, Le Marchand L. High-
quality diets associate with reduced risk of colorectal cancer: ana-
lyses of diet quality indexes in the multiethnic cohort. Gastroenter-
ology. 2017;153(2):386-394 e382.

56. Bradshaw PT, Siega-Riz AM, Campbell M, Weissler MC,
Funkhouser WK, Olshan AF. Associations between dietary patterns
and head and neck cancer: the Carolina head and neck cancer
epidemiology study. Am J Epidemiol. 2012;175(12):1225-1233.

57. Aune D, Giovannucci E, Boffetta P, et al. Fruit and vegetable intake
and the risk of cardiovascular disease, total cancer and all-cause
mortality-a systematic review and dose-response meta-analysis of
prospective studies. Int J Epidemiol. 2017;46(3):1029-1056.

58. Angelino D, Godos J, Ghelfi F, et al. Fruit and vegetable consumption
and health outcomes: an umbrella review of observational studies.
Int J Food Sci Nutr. 2019;70(6):652-667.

59. Potter JD, Steinmetz K. Vegetables, fruit and phytoestrogens as
preventive agents. IARC Sci Publ. 1996;(139):61-90.

60. Grosso G, Bella F, Godos J, et al. Possible role of diet in cancer: sys-
tematic review and multiple meta-analyses of dietary patterns,
lifestyle factors, and cancer risk. Nutr Rev. 2017;75(6):405-419.

61. Hu FB. Dietary pattern analysis: a new direction in nutritional
epidemiology. Curr Opin Lipidol. 2002;13(1):3-9.

62. Bamia C. Dietary patterns in association to cancer incidence and
survival: concept, current evidence, and suggestions for future
research. Eur J Clin Nutr. 2018;72(6):818-825.

63. Serra-Majem L, Bes-Rastrollo M, Roman-Vinas B, Pfrimer K, Sanchez-
Villegas A, Martinez-Gonzalez MA. Dietary patterns and nutritional ade-
quacy in a Mediterranean country. Br J Nutr. 2009;101(suppl 2):S21-S28.

64. Sette S, Le Donne C, Piccinelli R, et al. The third National Food Con-
sumption Survey, INRAN-SCAI 2005-06: major dietary sources of
nutrients in Italy. Int J Food Sci Nutr. 2013;64(8):1014-1021.

65. Conway DI, Purkayastha M, Chestnutt IG. The changing epidemi-
ology of oral cancer: definitions, trends, and risk factors. Br Dent J.
2018;225(9):867-873.

66. National Cancer Insitute. Dietary assessment primer. Accessed
January 1, 2021. https://dietassessmentprimer.cancer.gov/approach/
independent.html.

67. Reedy J, Lerman JL, Krebs-Smith SM, et al. Evaluation of the Healthy
Eating Index-2015. J Acad Nutr Diet. 2018;118(9):1622-1633.

68. Leclercq C, Arcella D, Piccinelli R, et al. The Italian National Food
Consumption Survey INRAN-SCAI 2005-06: main results in terms of
food consumption. Public Health Nutr. 2009;12(12):2504-2532.

69. The Healthy Eating Index. Accessed January 1, 2021. https://www.
fns.usda.gov/hei-resources#HEI-2015.
September 2022 Volume 122 Number 9

http://refhub.elsevier.com/S2212-2672(21)00301-4/sref22
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref22
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref23
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref23
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref23
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref23
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref24
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref24
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref24
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref24
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref24
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref25
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref25
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref25
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref25
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref25
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref26
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref26
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref26
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref26
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref26
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref27
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref27
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref27
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref27
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref27
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref28
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref28
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref28
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref29
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref29
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref30
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref30
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref30
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref31
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref31
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref32
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref32
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref33
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref33
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref33
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref34
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref34
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref34
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref35
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref35
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref35
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref36
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref36
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref36
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref37
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref37
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref37
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref38
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref38
https://epi.grants.cancer.gov/hei/
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref40
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref40
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref40
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref41
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref41
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref42
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref42
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref42
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref43
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref43
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref43
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref44
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref44
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref44
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref45
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref45
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref46
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref46
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref49
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref49
https://CRAN.R-project.org/package=pifpaf
https://CRAN.R-project.org/package=pifpaf
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref51
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref51
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref51
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref52
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref52
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref52
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref53
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref53
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref53
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref54
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref54
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref54
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref55
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref55
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref55
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref55
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref56
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref56
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref56
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref56
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref57
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref57
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref57
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref57
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref58
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref58
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref58
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref59
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref59
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref60
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref60
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref60
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref61
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref61
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref62
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref62
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref62
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref63
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref63
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref63
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref64
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref64
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref64
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref65
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref65
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref65
https://dietassessmentprimer.cancer.gov/approach/independent.html
https://dietassessmentprimer.cancer.gov/approach/independent.html
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref67
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref67
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref68
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref68
http://refhub.elsevier.com/S2212-2672(21)00301-4/sref68
https://www.fns.usda.gov/hei-resources#HEI-2015
https://www.fns.usda.gov/hei-resources#HEI-2015


RESEARCH
AUTHOR INFORMATION
V. Edefonti is an associate professor, Department of Clinical Sciences and Community Health, Università degli Studi di Milano, Milano, Italy. M. Di
Maso is a postdoctoral research fellow, Department of Clinical Sciences and Community Health, Università degli Studi di Milano, Milano, Italy, and
was a postdoctoral research fellow at Department of Public Health and Pediatrics, Università degli Studi di Torino, Torino, Italy. L. Tomaino was a
PhD student at Department of Clinical Sciences and Community Health, Università degli Studi di Milano, Milano, Italy. M. Parpinel is an associate
professor, Department of Medicine, University of Udine, via Colugna, Udine, Italy. W. Garavello is a full professor, Department of Otorhinolar-
yngology, School of Medicine and Surgery, Università Degli Studi di Milano-Bicocca, Monza, Italy. D. Serraino is department head, Department,
Epidemiology, and Biostatistics Unit, CRO Aviano National Cancer Institute IRCCS, Aviano, Italy. M. Ferraroni is a full professor, Department of
Clinical Sciences and Community Health, Università degli Studi di Milano, Milano, Italy. A. Crispo is a senior researcher, Unit of Epidemiology,
Istituto Nazionale Tumori Fondazione G. Pascale, Napoli, Italy. C. La Vecchia is a full Pprofessor, Department of Clinical Sciences and Community
Health, Università degli Studi di Milano, Milano, Italy. F. Bravi is an assistant professor, Department of Clinical Sciences and Community Health,
Università degli Studi di Milano, Milano, Italy.

Address correspondence to: Francesca Bravi, PhD, Dipartimento di Scienze Cliniche e di Comunità, Università degli Studi di Milano, Via A.
Vanzetti, 5, 20133 Milan, Italy. E-mail: francesca.bravi@unimi.it

STATEMENT OF POTENTIAL CONFLICTS OF INTEREST
No potential conflict of interest was reported by the authors.

FUNDING/SUPPORT
This work was supported by the Italian League Against Cancer (Milan). V. Edefonti was supported by Università degli Studi di Milano Young
Investigator Grant Program 2017.

AUTHOR CONTRIBUTIONS
C. La Vecchia and F. Bravi designed the research; L. Tomaino performed the search of the literature; C. La Vecchia, W. Garavello, D. Serraino and A.
Crispo contributed to data collection; M. Ferraroni and M. Di Maso provided suggestions on the statistical methodological approach; M. Parpinel
provided nutritional information to calculate the HEI-2015 score based on the Italian questionnaire; M. Di Maso and F. Bravi performed the
statistical analyses; V. Edefonti and F. Bravi prepared the first draft of the manuscript; F. Bravi had primary responsibility for final content; and all
authors critically reviewed and approved the final manuscript.
September 2022 Volume 122 Number 9 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1687

mailto:francesca.bravi@unimi.it


Table 1. Supplemental Information on the conversion from grams to cups of the food items included in our Italian food frequency questionnaire (FFQ)

HEI-2015a

component Food item

Portions defined
in the Italian
FFQ

Portion in
grams
in the Italian
food
composition
database
used

Grams per 1 c
in USDA/SRb

legacy

Cups
corresponding
to 1 portion in
the FFQ

USDAc

food code40

Total fruits

Apple 1 Average fruit 200 110 1.8 171689

Banana 1 Average fruit 130 150 0.9 173944

Kiwifruit 1 Average fruit 100 177 0.6 786693

Cooked fruit 1 Small cup 150 171 0.9 173928

Orange juice or fruit juice without
sugar

1 Glass, 150 ml 150 250 0.6 169099

Fruit juice with added sugar 125 g 125 236 0.5 Standard cup for beverage

Fruit jam 1 tsp 5 339 0.015 169640

Orange (1), grapefruit (1/2),
tangerine (3)

150 g 150 203 0.7 ar169919, ma169105, po174677

Peach (1), nectarine (1), apricot (2),
plum (2)

100 g 100 160 0.6 pe169928, al171697, pr169949

Cantaloupe 2 slices, 75 g 75 160 0.5 169092

Grapes 1 Average bunch 230 g 230 150 1.5 786684

Strawberries, cherries 1 Small cup, 150 g 150 150 1.0 fr167762, ci171719

Whole fruits

Apple 1 Average fruit 200 110 1.8 171689

Banana 1 Average fruit 130 150 0.9 173944

Kiwifruit 1 Average fruit 100 177 0.6 786693

Orange (1), grapefruit (1/2),
tangerine (3)

150 g 150 203 0.7 ar169919, ma169105, po174677

Peach (1), nectarine (1), apricot (2),
plum (2)

100 g 100 160 0.6 pe169928, al171697, pr169949

(continued on next page)
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Table 1. Supplemental Information on the conversion from grams to cups of the food items included in our Italian food frequency questionnaire (FFQ) (continued)

HEI-2015a

component Food item

Portions defined
in the Italian
FFQ

Portion in
grams
in the Italian
food
composition
database
used

Grams per 1 c
in USDA/SRb

legacy

Cups
corresponding
to 1 portion in
the FFQ

USDAc

food code40

Cantaloupe 2 Slices, 75 g 75 160 0.5 169092

Grapes 1 Average bunch, 230 g 230 150 1.5 786684

Strawberries, cherries 1 Small cup, 150 g 150 150 1.0 fr167762, ci171719

Total
vegetables

Vegetable soup or pasta with
beans

250 g 250 241 1.0 172913

Peas, beans, chickpeas, lentils 100 g (fresh legumes) 100 190 0.5 pe175257, be173792,
ch173757, le175254

Lettuce, radicchio 50 g 50 38 1.3 ra168564, in169249

Raw carrots 75 g 75 122 0.6 170393

Cooked carrots 150 g 150 156 1.0 170394

Onion 80 g 80 160 0.5 170000

Boiled potatoes 125 g 125 156 0.8 170114

Fried or baked potatoes 200 g 200 122 1.6 170112

Artichokes 1 Whole or 3 artichoke
hearts

85 168 0.5 169311

Cabbage, cauliflower, broccoli,
Brussels sprouts or turnip greens

125 g 125 119.5 1.0 co168514, cr169975

Spinach 200 g 200 180 1.1 170531

Tomatoes 150 g 150 158 0.9 170502

Mixed salad with carrots,
cucumbers, peppers

100 g 100 73 1.4 787841

Courgettes, aubergines, cooked
peppers

150 g 150 143 1.0 zu170534, pe170427,
me169352
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Table 1. Supplemental Information on the conversion from grams to cups of the food items included in our Italian food frequency questionnaire (FFQ) (continued)

HEI-2015a

component Food item

Portions defined
in the Italian
FFQ

Portion in
grams
in the Italian
food
composition
database
used

Grams per 1 c
in USDA/SRb

legacy

Cups
corresponding
to 1 portion in
the FFQ

USDAc

food code40

Greens and
beans

Vegetable soup or pasta with
beans

250 g 250 241 1.0 172913

Peas, beans, chickpeas, lentils 100 g (fresh legumes) 100 190 0.5 pe175257, be173792,
ach173757, le175254

Lettuce, radicchio 50 g 50 38 1.3 ra168564, in169249

Spinach 200 g 200 180 1.1 170531

Dairy

Whole milk 1 c, 225 mL 225 244 0.9 172217

Low-fat milk 1 c, 225 mL 225 244 0.9 172217

Skim milk 1 c, 225 mL 225 244 0.9 172217

Yogurt 1 c, 125 g 125 245 0.5 171284

Cappuccino 1 c, 225 mL 225 240 0.9 789436

Pizza 200 g 200 200 1.0 1 plate, Italian serving

Grated cheese 1 tsp 5 100 0.1 171247

Ricotta, mozzarella as second
course

100 g 100 179 0.6 mo170845, ri170851

other cheese as second course 80 g 80 132 0.6 170843

Cheese (all types) at the end of the
meal

25 g 25 132 0.2 170843

Ice cream 2 Scoops, 100 g 100 132 0.8 167575

aHEI ¼ Healthy Eating Index.
bUSDA/SR ¼ US Department of Agriculture National Nutrient Database for Standard Reference.
cUSDA ¼ US Department of Agriculture.
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Figure 1. Details on statistical methods for estimating the potential impact fraction (PIF).
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ABSTRACT
Background Emerging literature demonstrates that eating time and frequency are
associated with quality and quantity of food consumption and anthropometric mea-
surements. Considering that unhealthy dietary choices and obesity are important
modifiable risk factors for breast cancer incidence and recurrence, this subject is rele-
vant and has not been studied sufficiently in breast cancer survivors.
Objective This study’s aimwas to examine the association of eating time and frequency
with diet quality, quantity of food consumption, anthropometric measurements, and
body composition parameters in female breast cancer survivors using tamoxifen.
Design This was a cross-sectional study.
Participants/setting This study was conducted from March 2015 to March 2016 at a
Brazilian university hospital (Clinic’s Hospital, Federal University of Uberlandia, Uber-
landia, Minas Gerais, Brazil) and included an assessment of 84 female breast cancer
survivors using tamoxifen (mean [SD] age was 53.1 [8.7] years).
Main outcome measures Quantitative dietary assessment consisted of three 24-hour
dietary recalls. The Brazilian Healthy Eating Index Revised was used for the qualitative
diet analysis. Participants were classified by median eating time (early or late eaters of
breakfast, lunch, and dinner), as well as by considering the middle time point between the
first and last meal of the day (early or late midpoint eaters). Participants were also clas-
sified by median eating frequency (<5 or �5 eating episodes per day). Anthropometric
measurements and body fat percentage by bioelectrical impedance were obtained.
Statistical analysis Generalized linear models and generalized mixed models were
used to assess the associations between variables.
Results Early breakfast and dinner eating and early midpoint eating were associated
with better scores for specific Brazilian Healthy Eating Index Revised components (P <

.05). Early breakfast and dinner eating were also associated with better scores for the
total index (P ¼ .035 and P ¼ .017, respectively). Early dinner eaters and early midpoint
eaters had significantly lower daily energy consumption (P ¼ .007 and P ¼ .002,
respectively). Eating �5 episodes per day was also associated with better scores of
specific Brazilian Healthy Eating Index Revised components and the total index (P< .05).
No significant associations between eating time and frequency with anthropometric
measurements and body composition parameters were found (P > .05). However,
women in the healthy body mass index category vs women in the overweight/obesity
category had higher energy consumption at breakfast (P ¼ .046).
Conclusions Earlier food intake time was associated with better diet quality and lower
daily energy consumption. Higher frequency of eating was also associated with better
diet quality. Future studies, such as randomized controlled trials, are needed to evaluate
interventions addressing the timing and frequency of meals and their effect on diet
quality and quantity in breast cancer survivors.
J Acad Nutr Diet. 2022;122(9):1688-1702.
B
REAST CANCER (BC) IS THE LEADING CANCER IN
women worldwide,1 with a predicted 66,000 new
cases in Brazil each year in the 2020-2022 tri-
ennium.2 Effective treatments including adjuvant

endocrine therapy, such as tamoxifen and aromatase
inhibitors, have been associated with reduced mortality3 and
a reduction in the risk of recurrence by up to 50%.4 However,
weight gain is a common occurrence in women after these
treatments5 and affects an estimated 27% to 36% of female BC
survivors.6 Although the causal factors underlying such
ª 2022 by the Academy of Nutrition and Dietetics.

http://www.jandonline.org
https://doi.org/10.1016/j.jand.2022.05.004
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RESEARCH SNAPSHOT

Research Question: Is eating earlier and having more eating
episodes per day associated with better diet quality and
better anthropometric and body composition outcomes in
female breast cancer survivors using tamoxifen?

Key Findings: Cross-sectional data from 84 female Brazilian
breast cancer survivors using tamoxifen showed that earlier
food consumption—especially breakfast and dinner—were
associated with better diet quality. Eating more often during
the day was also associated with better diet quality. In
addition, lower daily energy consumption was associated
with earlier dinner times and earlier midpoint times (middle
time point between the first and last meal of the day) of food
consumption. No significant associations between eating
time and frequency with anthropometric measurements and
body composition parameters were found.

RESEARCH
weight gain remain elusive,6,7 possible explanations include
prior chemotherapy8; reduced physical activity9; and
changes in food consumption, such as poorer diet quality10

and increased energy intake.11

The benefits of a healthy diet are considered important for
weight management, well-being, and the longevity of BC
survivors.12-14 In this sense, most of the dietary research has
focused on what to eat to prevent and treat cancer12-14 and
other diseases.15 However, not only has when to eat been
found to be important recently, but food intake times16,17 and
eating frequency17-20 seem to influence cancer risk and
metabolic health.
Emerging studies have found that later eating and lower

eating frequency are associated with poor diet quality18,21-23

and an increase in total energy intake.24-27 In addition,
skipping breakfast and higher evening food intake seem to be
well established in the literature as important indicators of
nutritional risk, with a substantial role in weight gain and
obesity.18,28-30 Lower eating frequency has also been found to
have a major role in obesity.18,19,21 However, these studies
have not been conducted with BC survivors and the results
are still inconsistent due to the different populations evalu-
ated and methodological criteria of the studies.
Obesity31 and unhealthy dietary choices14,15 are important

modifiable risk factors for BC incidence and recurrence. In
addition, endocrine therapy for BC survivors is associated
with weight gain,6 and both later eating18,28-30 and lower
eating frequency18,19,21 are associated with worse anthropo-
metric results. Considering this, a chrono-nutritional
approach that emphasizes the interaction between food
consumption and eating time and eating frequency is
important to investigate in BC survivors using tamoxifen. To
the best of our knowledge, this is the first study that has
investigated the associations between eating time and fre-
quency with diet quality and quantity of food consumption,
anthropometric measurements, and body composition pa-
rameters in female BC survivors using tamoxifen. The hy-
pothesis of this study was that female BC survivors
undergoing adjuvant endocrine therapy with tamoxifen with
earlier food intake times and higher eating frequency would
be more likely to have better diet quality, lower daily energy
intake, and better anthropometric and body composition
parameters.
METHODS
Ethical Aspects
The study was conducted based on Resolution 466/12 of the
National Council of Health after approval by the Human
Research Ethics Committee (protocol number 907.129/14) of
the Federal University of Uberlandia. All participants signed
The Continuing Professional Education (CPE) quiz for this article is available
for free to Academy members through the MyCDRGo app (available for iOS
and Android devices) and through www.jandonline.org (click on “CPE” in the
menu and then “Academy Journal CPE Articles”). Log in with your Academy
of Nutrition and Dietetics or Commission on Dietetic Registration username
and password, click “Journal Article Quiz” on the next page, then click the
“Additional Journal CPE quizzes” button to view a list of available quizzes.
Non-members may take CPE quizzes by sending a request to journal@
eatright.org. There is a $45 fee per quiz (includes quiz and copy of article) for
non-members.
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an informed consent form and their identification was kept
confidential to ensure the protection of private information.

Study Sample and Eligibility Criteria
This cross-sectional study was conducted fromMarch 2015 to
March 2016 at a Brazilian university hospital (Clinic’s Hos-
pital, Federal University of Uberlandia, Uberlandia, Minas
Gerais, Brazil) and included an assessment of female BC pa-
tients during adjuvant endocrine therapy with tamoxifen.
Only female patients were included in the study due to the
small number of male patients diagnosed with BC at the
clinical service where the study was carried out (2015 and
2016 data: <1% of all BC cases). Information on sex was ob-
tained from the medical records. The following exclusion
criteria were applied at the beginning of the recruitment:
women 18 years and younger and 80 years and older; pa-
tients with locoregional or distant BC recurrence; diagnosis of
any other type of cancer; admission to palliative care pro-
grams; previous use of tamoxifen and/or change to the use of
aromatase inhibitors; autoimmune diseases and/or use of
corticosteroids; presence of diabetes mellitus and thyroid
diseases; pregnant or postpartum women; shift workers;
institutionalized patients; or without telephone contact.
The medical records of patients undergoing periodic

follow-up at the university hospital and being treated with
tamoxifen in March 2015 were screened (n ¼ 412) and 231
patients were classified as potentially eligible for the study, as
detailed by Lima and colleagues.8 Using a table of random
numbers, 120 patients were invited to participate in the
study, as it would be a feasible sample size for this research.
Eleven patients refused to participate, 8 were excluded due to
impossible telephone contact, 5 had reported discontinuation
of tamoxifen, 1 had changed from tamoxifen to an aromatase
inhibitor, 1 had a diagnosis of metastatic BC, 6 had a diagnosis
of diabetes mellitus, and 4 had a diagnosis of thyroid dis-
eases. A final sample of 84 women was included in the study.
The collection of sociodemographic data (eg, age, race, in-

come, education, and physical activity) was obtained by
means of self-report in an in-person interview. The collection
of therapeutic and clinical data (eg, menopausal status,
treatments performed for BC, tumor subtype, tumor grade,
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molecular subtype, and clinical stage of the BC) occurred
through the analysis of medical records.

Physical Activity, Anthropometric, and Body
Composition Assessment
Physical activity was classified considering the type of ac-
tivity performed and time spent per week according to the
methodology of the Vigitel Study.32 Womenwere classified as
inactive (no physical activity), insufficiently active (<150
min/wk of moderately intense physical activity or <75 min/
wk of vigorous physical activity), or active (at least 150 min/
wk of moderately intense physical activity or at least 75 min/
wk of vigorous physical activity). Body weight and height
were obtained following the protocol recommended by the
World Health Organization.33 Participants were requested to
wear light clothes only and be barefoot to measure body
weight and height. A mechanical scale (model P-150C; Líder
Balanças) with a sensitivity of 100 g was used to measure
body weight and a vertical stadiometer with a 1-mm preci-
sion scale for height with 1 measurement recorded for each.
Subsequently, body mass index (BMI) was calculated by
dividing weight by height squared (kg/m2) and classified
according to the World Health Organization33 and Lipschitz34

for the adults older than 20 years and younger than 60 years
and adults 60 years and older, respectively. For waist
circumference (WC) measurement, a flexible and inelastic
tape was used following the protocol recommended by the
World Health Organization.33 Participants with WC �80 cm
and �88 cm were classified at high risk of metabolic com-
plications and very high risk of metabolic complications,
respectively.33 Horizontal tetrapolar bioelectrical impedance
(Biodynamics device model 450) was used to evaluate body
composition according to the test procedures.35 The partici-
pants received pretest guidelines to minimize measurement
errors.36 Ten women with total body water >75% were
excluded from the body composition analyses; 74 women
were included for this analysis. The predictive equation
proposed by Segal and coleagues37 was used to calculated
body fat. Women with a body fat percentage (BFP) of �32%
were considered to have excess body fat.38

Dietary Assessment
Information regarding food consumption was obtained by
means of 3 nonconsecutive 24-hour dietary recalls (24HRs)
conducted through 1 in-person interview (the first one) and 2
telephone interviews by trained nutritionists who adapted
the technique used in the Vigitel Study.32 Of the three 24HRs
collected for the study, 1 included a weekend day to better
reflect the eating habits of the participants.

Quantitative Dietary Assessment
The mean intake of total energy, carbohydrate, protein, and
fat was estimated from the 24HRs using Dietpro, software,
version 5.7,39 which incorporates the Brazilian Table of Food
Composition.40 For the food components not found in this
table, the internationally recognized database FoodData
Central from the US Department of Agriculture was used.41

Qualitative Dietary Assessment
Originally developed in 1995, the Healthy Eating Index
(HEI)42 is a tool used to evaluate the diet quality aligned with
1690 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
key dietary recommendations for Americans. In 2005, the
structure of the HEI was revised and has been updated twice
since 2005.43,44 Fisberg and colleagues45 adapted and vali-
dated the original HEI42 for the Brazilian population, gener-
ating the Brazilian Healthy Eating Index (BHEI). The
publication of the Dietary Guidelines for the Brazilian Popu-
lation in 200646 raised the need for a revised version of BHEI
(BHEI-R),47 which was based on HEI-200543 and used in the
present study for qualitative dietary assessment. To the best
of our knowledge, this is considered the most current index
for the evaluation of diet quality of Brazilians. The data with
household units of measurements from the 24HRs were
converted to units of measurement (grams or milliliters)
using Dietpro software,39 and then the number of servings
and total score for each BHEI-R food component was calcu-
lated: total fruit (including fruit and natural fruit juices);
whole fruit (excluding fruit juices); meat, eggs, and legumes;
total vegetables (including legumes after reaching the
maximum score for meat, eggs, and legumes); dark green and
orange vegetables and legumes (including legumes after
reaching the maximum score for meat, eggs, and legumes
component, and total vegetables); milk and dairy products
(including milk and dairy products, as well as soy-based
drinks); oils (including mono and polyunsaturated fats, oils
from oleaginous vegetables and fish oils); total grains
(including grains, roots, and tubers); whole grains; saturated
fat; sodium; and calories from solid fats, alcohol, and added
sugars (SoFAAS).47 The saturated fat and SoFAAS components
were expressed as a percentage of energy. For sodium and
the others food components, the number of daily servings
was adjusted by energy density (1,000 kcal/d).
The maximum score is 100 points for total BHEI-R. For

individual components, the scores can range from 0 (mini-
mum) up to 5, 10, or 20 (maximum), depending on the di-
etary component. The criteria for establishing the minimum,
intermediate, and maximum scores consider the number of
daily servings recommended by the Food Guide for the Bra-
zilian Population.46 For components such as saturated fat,
sodium, and calories from SoFAAS, the greater the intake, the
lower the score assigned.47
Food Intake Times and Eating Frequency
The food intake time was categorized into 2 groups deter-
mined by being equal to or below or greater than the median
time as the cutoff point, similar to a previous study.48 Women
were classified as early or late eaters for each eating episode if
the food consumption was equal to or below or greater than
the median time, respectively. This median time was also
obtained using the mean values of the time of the eating ep-
isodes from the three 24HRs for each participant. The median
value of breakfast time was 7:50 AM (range, 5:35 to 11:20 AM);
morning snack time was 10:00 AM (range, 8:04 AM to 12:00 PM);
lunchtime was 12:20 PM (range, 11:10 AM to 2:00 PM); afternoon
snack time was 3:42 PM (range, 2:00 to 6:30 PM); and dinner
time was 8:00 PM (range, 6:30 to 10:10 PM). Women were also
classified as early and late eaters considering the eating
midpoint, defined as the middle time point between the first
and the last meal: ([time of the last meal e time of the first
meal] / 2) þ time of the first meal, as proposed by Zerón-
Rugerio and colleagues.49 A median of 2:08 PM (range, 11:53 AM

to 4:25 PM) was obtained using the mean values of the time of
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the first and last meal of the three 24HRs for each participant.
In this study, women with the mean eating midpoint time
equal to or below or greater than the median eating midpoint
time of 2:08 PM were classified and named as early midpoint
eaters or late midpoint eaters, respectively.
Eating frequency was determined by the mean number of

eating episodes per day of each participant reported in the
three 24HRs, which was defined as the number of times per
day the consumption of calorie-containing food or drink took
place. It is unclear how many ingested calories are needed for
initiation of metabolic processes; therefore, a conservative 5-
kcal cutoff was used to define an eating episode, in accor-
dance with the study by Marinac and colleagues,17 and with a
minimum difference of 60 minutes between each eating
episode, similar to the study by Howarth and colleagues.50

Any number of eating episodes occurring within 60 mi-
nutes was considered as 1 eating episode. A median value
was obtained using the mean values of the number of eating
episodes of the three 24HRs for each participant. Five epi-
sodes were used for the analyses, considering that a median
of 4.67 (range, 2.67 to 6.33) eating episodes was identified.
The eating frequency was categorized into 2 groups deter-
mined by being below the median or equal to or greater than
the median value of eating episodes.
The 5 eating episodes reported most commonly among

participants were considered: breakfast, morning snack, lunch,
afternoon snack, and dinner. The distinction between the
nomenclature of meals and snacks was determined on the
basis of the participant’s own labeling in the application of
24HR, considering social aspects and cultural behaviors, and,
when necessary, time of consumption, as suggested by St-
Onge and colleagues,51 where the main meals of the day—
breakfast, lunch, and dinner—are commonly considered to
take place between 6 and 10 AM, 12 and 3 PM, and 7 and 9 PM,
respectively. All other eating episodes are considered snacks.51
Statistical Analysis
A posteriori power analysis was carried out using G*Power
software, version 3.1.52 The analysis was based on an F test
linear multiple regression with an effect size F of 0.15, an a
level of .05, and 1 tested predictor. Considering a total of 84
participants, the output parameter showed a power of 94%
(post hoc: computer achieved power calculation).
Statistical analysis was performed using IBM SPSS Statistics

for Windows, version 21.53 Descriptive statistics are shown as
frequencies (percentage) and mean (SD) for the categorical
(race, income, education, physical activity, menopausal sta-
tus, tumor subtype, clinical stage, and tumor grade) and
continuous (age) variables, respectively. Differences in soci-
odemographic, therapeutic, and clinical characteristics be-
tween groups of eating time and frequency of food intake
were assessed using c2 test and independent samples t test,
as appropriate.
Due to the intrinsic variability of food consumption, values

related to daily energy and macronutrients consumption
from breakfast, lunch, and dinner were deattenuated, that is,
adjusted by inter- and intraindividual variability to obtain an
estimate of individual consumption of energy and nutri-
ents,54 using PC-Side software.55 Later, to adjust the estimates
of nutrients, these were adjusted for the residual method for
the mean energy of the sample56 using the IBM SPSS
September 2022 Volume 122 Number 9 JO
software.53 As not all participants reported having a morning
and afternoon snack, the 0 values for energy and nutrients in
the analysis made it impossible to deattenuate and adjust for
these eating episodes.
Generalized linear models were used to associate each

categorical independent variable (early or late eaters for
breakfast, lunch, dinner, and eating midpoint; <5 or �5
eating episodes per day; BMI �25.0 and 27.0 or <25.0 and
27.0 for younger than 60 years or 60 years and older,
respectively) with continuous outcomes (quantity and quality
of food consumption, anthropometric measurements, and
body composition parameters). A total of 5 models were
made considering 1 independent variable at a time: 1)
breakfast time þ adjustment variables; 2) lunch time þ
adjustment variables; 3) dinner time þ adjustment variables;
4) eating midpoint þ adjustment variables; and 5) eating
frequency þ adjustment variables. For each model, the in-
vestigators evaluated 2 types of distribution of the dependent
variable (gamma or linear) in order to evaluate the best
modeling approach. The lowest Akaike Information Criteria
value was chosen, which indicates a better fit to the data.
General mixed models (GMMs) were used to verify the

pairwise comparisons between categorical variables (quality
of food consumption, anthropometric measurements and
body composition parameters—independent variables) and
continuous variables (quantity of food consumption: energy,
carbohydrate, protein, and fat consumption—dependent var-
iables) among the 5 eating episodes of the day (breakfast,
morning snack, lunch, afternoon snack, and dinner).
Anthropometric measurements and body composition pa-
rameters were dichotomized according to previously estab-
lished cutoff points33-35: BMI �25.0 and 27.0 or <25.0 and
27.0 (younger than 60 years or 60 years and older, respec-
tively), BFP �32% or <32%, and WC �88 cm or <88 cm.
Quality of food consumption was dichotomized according to
the median value of total BHEI-R score (<65.66 or �65.66
points) obtained using the mean values from the three 24HRs
of each participant. For each model, all covariance matrices
were tested for the repeated covariance (5 eating episodes of
the day) and for covariance of the random effect type (in-
dividuals). The best combination of the covariance matrices
was chosen considering the lowest Akaike Information
Criteria. Diagonal and AR1 were the best matrices for
repeated covariance type, and variance components and AR1
were the best matrices for type of covariance of random ef-
fect. It is noteworthy that the significances were not different
between the matrices. The normality of the residues from all
GMM tests was verified by Q-Q plot graphs.
Data were adjusted for age, education, physical activity, and

prior chemotherapy (for anthropometric and body composi-
tion parameters) and age, education, physical activity, BMI,
and prior chemotherapy (for total BHEI-R score). The signif-
icance level for generalized linear models and GMMs was set
to .05, following the Bonferroni correction for the pairwise
comparisons.
RESULTS
The study included 84 women; mean (SD) age was 53.1 (8.7)
years (range, 33 to 73 years). Sociodemographic, clinical,
hormonal, and therapeutic characteristics are described and
presented in Table 1 according to the eating time and
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1691



Table 1. Sociodemographic, therapeutic, and clinical characteristics of female breast cancer survivors using tamoxifen according to eating time and frequency of food
intake for a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016

Variablesa
Total
(n [ 84)

Midpoint Eaterb Breakfastc Lunchd Dinnere
No. of Eating
Episodesf

Early
(n [ 44)

Late
(n [ 40)

Early
(n [ 43)

Late
(n [ 41)

Early
(n [ 47)

Late
(n [ 37)

Early
(n [ 44)

Late
(n [ 40)

<5
(n [ 47)

‡5
(n [ 37)

 ������������������������������������������������mean (SD)������������������������������������������������!
Age (range, 33-73 y)g 53.1 (8.7) 54.2 (9.5) 51.9 (7.8) 54.5 (9.1) 51.7 (8.2) 53.5 (9.6) 52.6 (8.0) 54.1 (8.8) 52.0 (8.6) 53.5 (9.1) 52.7 (8.3)

 ��������������������������������������������������n (%)��������������������������������������������������!
Race

White 44 (52.4) 24 (54.5) 20 (50) 24 (55.8) 20 (48.8) 29 (61.7) 15 (40.5) 22 (50) 22 (55) 20 (42.6) 24 (64.9)

Black 9 (10.7) 8 (18.2)x 1 (2.5)y 6 (14) 3 (7.3) 4 (8.5) 5 (13.5) 8 (18.2) 1 (2.5) 6 (12.8) 3 (8.1)

Otherh 31 (36.9) 12 (27.3) 19 (47.5) 13 (30.2) 18 (43.9) 14 (29.8) 17 (45.9) 14 (31.8) 17 (42.5) 21 (44.7) 10 (27)

Income, R$/moi

440-880 14 (16.7) 7 (15.9) 7 (17.5) 9 (20.9) 5 (12.2) 9 (19.1) 5 (13.5) 10 (22.7) 4 (10) 8 (17) 6 (16.2)

881-1,760 31 (36.9) 15 (34.1) 16 (40) 15 (34.9) 16 (39) 16 (34) 15 (40.5) 12 (27.3) 19 (47.5) 18 (38.3) 13 (35.1)

>1,761 39 (46.5) 22 (50) 17 (42.5) 19 (44.2) 20 (48.8) 22 (46.8) 17 (45.9) 22 (50) 17 (42.5) 21 (44.7) 18 (48.6)

Education

Elementary school 45 (53.6) 22 (50) 23 (57.5) 22 (51.2) 23 (56.1) 25 (53.2) 20 (54.1) 22 (50) 23 (57.5) 26 (55.3) 19 (51.4)

High school 27 (32.1) 16 (36.4) 11 (27.5) 15 (34.9) 12 (29.3) 15 (31.9) 12 (32.4) 16 (36.4) 11 (27.5) 14 (29.8) 13 (35.1)

Undergraduate
degree

12 (14.3) 6 (13.6) 6 (15) 6 (14) 6 (14.6) 7 (14.9) 5 (13.5) 6 (13.6) 6 (15) 7 (14.9) 5 (13.5)

Physical activity

Inactive 53 (63.1) 28 (63.6) 25 (62.5) 25 (58.1) 28 (68.3) 31 (66) 22 (59.5) 29 (65.9) 24 (60) 35 (74.5) 18 (48.6)

Insufficiently active 21 (25) 11 (25) 10 (25) 12 (27.9) 9 (22) 13 (27.7) 8 (21.6) 10 (22.7) 11 (27.5) 8 (17) 13 (35.1)

Active 10 (11.9) 5 (11.4) 5 (12.5) 6 (14) 4 (9.8) 3 (6.4) 7 (18.9) 5 (11.4) 5 (12.5) 4 (8.5) 6 (16.2)

Menopausal status

Postmenopausal 76 (90.5) 41 (93.2) 35 (87.5) 40 (93) 36 (87.8) 40 (85.1) 36 (97.3) 42 (95.5) 34 (85) 43 (91.5) 33 (89.2)

Tumor subtype

Ductal 76 (90.5) 40 (90.9) 36 (90) 40 (93) 36 (87.8) 44 (93.6) 32 (86.5) 41 (93.2) 35 (87.5) 43 (91.5) 33 (89.2)

(continued on next page)
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Table 1. Sociodemographic, therapeutic, and clinical characteristics of female breast cancer survivors using tamoxifen according to eating time and frequency of food
intake for a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016 (continued)

Variablesa
Total
(n [ 84)

Midpoint Eaterb Breakfastc Lunchd Dinnere
No. of Eating
Episodesf

Early
(n [ 44)

Late
(n [ 40)

Early
(n [ 43)

Late
(n [ 41)

Early
(n [ 47)

Late
(n [ 37)

Early
(n [ 44)

Late
(n [ 40)

<5
(n [ 47)

‡5
(n [ 37)

Lobular 4 (4.8) 3 (6.8) 1 (2.5) 3 (7) 1 (2.4) 2 (4.3) 2 (5.4) 2 (4.5) 2 (5) 1 (2.1) 3 (8.1)

Mucinous 3 (3.6) 1 (2.3) 2 (5) 0 (0) 3 (7.3) 1 (2.1) 2 (5.4) 1 (2.3) 2 (5) 3 (6.4) 0 (0)

Lobular duct 1 (1.2) 0 (0) 1 (2.5) 0 (0) 1 (2.4) 0 (0) 1 (2.7) 0 (0) 1 (2.5) 0 (0) 1 (2.7)

Clinical stage

I 21 (25) 11 (25) 10 (25) 10 (23.3) 11 (26.8) 13 (27.7) 8 (21.6) 11 (25) 10 (25) 11 (23.4) 10 (27)

II 49 (58.3) 25 (56.8) 24 (60) 24 (55.8) 25 (61) 28 (59.6) 21 (56.8) 26 (59.1) 23 (57.5) 29 (61.7) 20 (54.1)

III 14 (16.7) 8 (18.2) 6 (15) 9 (20.9) 5 (12.2) 6 (12.8) 8 (21.6) 7 (15.9) 7 (17.5) 7 (14.9) 7 (18.9)

Tumor grade

G1j 11 (13.1) 7 (15.9) 4 (10) 5 (11.6) 6 (14.6) 6 (12.8) 5 (13.5) 5 (11.4) 6 (15) 5 (10.6) 6 (16.2)

G2k 61 (72.6) 31 (70.5) 30 (75) 32 (74.4) 29 (70.7) 36 (76.6) 25 (67.6) 33 (75) 28 (70) 35 (74.5) 26 (70.3)

G3l 7 (8.3) 4 (9.1) 3 (7.5) 3 (7) 4 (9.8) 2 (4.3) 5 (13.5) 5 (11.4) 2 (5) 4 (8.5) 3 (8.1)

NRm 5 (6) 2 (4.5) 3 (7.5) 3 (7) 2 (4.9) 3 (6.4) 2 (5.4) 1 (2.3) 4 (10) 3 (6.4) 2 (5.4)

Molecular subtypes

Luminal A 37 (44) 17 (38.6) 20 (50) 17 (39.5) 20 (48.8) 20 (42.6) 17 (45.9) 16 (36.4) 21 (52.5) 18 (38.3) 19 (51.4)

Luminal B 43 (51.2) 25 (56.8) 18 (45) 23 (53.5) 20 (48.8) 25 (53.2) 18 (48.6) 26 (59.1) 17 (42.5) 26 (55.3) 17 (45.9)

NR 4 (4.8) 2 (4.5) 2 (5) 3 (7) 1 (2.4) 2 (4.3) 2 (5.4) 2 (4.5) 2 (5) 3 (6.4) 1 (2.7)

Surgery

Breast-conserving 44 (52.4) 24 (54.5) 23 (57.5) 25 (58.1) 22 (53.7) 29 (61.7) 18 (48.6) 24 (54.5) 23 (57.5) 25 (53.2) 22 (59.5)

Mastectomy 39 (46.5) 19 (43.2) 17 (42.5) 18 (41.9) 18 (43.9) 17 (36.2) 19 (51.4) 19 (43.2) 17 (42.5) 21 (44.7) 15 (40.5)

None 1 (1.2) 1 (2.3) 0 (0) 0 (0) 1 (2.4) 1 (2.1) 0 (0) 1 (2.3) 0 (0) 1 (2.1) 0 (0)

Chemotherapy

Adjuvant 49 (58.3) 25 (56.8) 24 (60) 26 (60.5) 23 (56.1) 25 (53.2) 24 (64.9) 23 (52.3) 26 (65) 25 (53.2) 24 (64.9)

Neoadjuvant 25 (29.8) 15 (34.1) 10 (25) 13 (30.2) 12 (29.3) 15 (31.9) 10 (27) 17 (38.6) 8 (20) 16 (34) 9 (24.3)

No chemotherapy 10 (11.9) 4 (9.1) 6 (15) 4 (9.3) 6 (14.6) 7 (14.9) 3 (8.1) 4 (9.1) 6 (15) 6 (12.8) 4 (10.8)

(continued on next page)
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Table 1. Sociodemographic, therapeutic, and clinical characteristics of female breast cancer survivors using tamoxifen according to eating time and frequency of food
intake for a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016 (continued)

Variablesa
Total
(n [ 84)

Midpoint Eaterb Breakfastc Lunchd Dinnere
No. of Eating
Episodesf

Early
(n [ 44)

Late
(n [ 40)

Early
(n [ 43)

Late
(n [ 41)

Early
(n [ 47)

Late
(n [ 37)

Early
(n [ 44)

Late
(n [ 40)

<5
(n [ 47)

‡5
(n [ 37)

Chemotherapy
regimen

ACn þ docetaxel 35 (41.7) 18 (40.9) 17 (42.5) 15 (34.9) 20 (48.8) 16 (34) 19 (51.4) 21 (47.7) 14 (35) 20 (42.6) 15 (40.5)

FACo 21 (25.0) 13 (29.5) 8 (20) 15 (34.9) 6 (14.6) 12 (25.5) 9 (24.3) 11 (25) 10 (25) 12 (25.5) 9 (24.3)

CMFp 18 (21.4) 9 (20.5) 9 (22.5) 9 (20.9) 9 (22) 12 (25.5) 6 (16.2) 8 (18.2) 10 (25) 9 (19.1) 9 (24.3)

aVariables are presented as n (%), except age. c2 test; P < .05 was considered statistically significant.
bEating midpoint time was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 2:08 PM (range, 11:53 AM to 4:25 PM).
cThe food intake time for breakfast was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 7:50 AM (range, 5:35 to 11:20 AM).
dThe food intake time for lunch was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 12:20 PM (range, 11:10 AM to 2:00 PM).
eThe food intake time for dinner was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 8:00 PM (range, 6:30 to 10:10 PM).
fEating frequency was determined by being below or equal to/greater than the median value (5 eating episodes per day).
gAge is presented by mean (SD), independent samples t test; no significant differences were observed (P < .05).
hAsian, Indigenous, and pardo (multi-race).
iThe federal minimum salary per month, R$880.00 (approximately US$252.00).
jG1 ¼ well-differentiated tumor (low grade).
kG2 ¼ moderately differentiated tumor (intermediate grade).
lG3 ¼ poorly differentiated tumor (high grade).
mNR ¼ not reported.
nAC ¼ adriamycin þ cyclophosphamide.
oFAC ¼ cyclophosphamide, doxorubicin, and 5-fluorouracil.
pCMF ¼ cyclophosphamide, methotrexate, and 5-fluorouracil.
xyWithin a row, values that do not share the same superscript letter are significantly different. No significant differences for variables were observed except for race (P ¼ .027).
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frequency groups. Early midpoint eaters compared with late
midpoint eaters consisted of more Black women (18.2% [n ¼
8] vs 2.5% [n ¼ 1], respectively; P ¼ .027). No significant
differences for the other characteristics were observed.
With a mean WC of 90.6 cm (95% CI 88.2 to 93.0 cm), 58.3%

of the participants were classified as having a very high risk for
metabolic complications. In addition, 63.2% were considered
overweight or obese in terms of BMI for adults younger than
60 years and for adults 60 years and older (mean ¼ 26.8; 95%
CI 25.62 to 28.0 and median ¼ 27.3; range, 22.6 to 39.5,
respectively). A total of 41.9% of participants had an excess BFP
(median ¼ 30.9%; range, 23.7% to 49.2%) (data not shown).
Table 2 presents the models’ effect tests of eating time and

frequency on anthropometric and body composition param-
eters. No significant differences were found (Table 2). A
sensitivity analysis was performed for anthropometric mea-
surements and body composition parameters, excluding
premenopausal women. Results showed that early (vs late)
lunch eating was positively associated with BFP (b ¼ 0.095;
95% CI 0.002 to 0.187; P ¼ .046, n ¼ 68) and WC (b ¼ 5.120;
95% CI 0.440 to 9.801; P ¼ .032, n ¼ 76). No significant as-
sociations were found between breakfast and dinner time,
Table 2. Associationa of eating time (early vs late eaters) and ea
anthropometric and body composition parameters of female sur
university hospital in the city of Uberlandia, Minas Gerais, Brazil,

Variables b L

Body mass indexc (n ¼ 84)

Early breakfastd e1.021 e

Early lunche 1.739 e

Early dinnerf 0.431 e

Early midpoint eaterg e0.582 e

�5 eating episodes/dh e0.447 e

Waist circumference (cm) (n ¼ 84)

Early breakfastd e1.612 e

Early lunche 4.058 e

Early dinnerf 1.680 e

Early midpoint eaterg e0.206 e

� 5 eating episodes/dh e2.637 e

Body fat percentage (n ¼ 74)

Early breakfastd e0.031 e

Early lunche 2.800 e

Early dinnerf 0.063 e

Early midpoint eaterg e0.025 e

�5 eating episodes/dh e0.056 e

aAll models adjusted: age, education, physical activity, and prior chemotherapy; generalized lin
bNo significant differences were observed (P < .05).
cCalculated as kg/m2.
dThe food intake time for breakfast was determined by being equal to/below or greater (early
eThe food intake time for lunch was determined by being equal to/below or greater (early or
fThe food intake time for dinner was determined by being equal to/below or greater (early or
gEating midpoint time was determined by being equal to/below or greater (early or late eater
hEating frequency was determined by being below or equal to/greater than the median value
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midpoint time, and eating frequency with anthropometric
and body composition parameters (data not shown).
The models’ effect tests of eating time and frequency with

the scores of BHEI-R components and quantitative con-
sumption are shown in Table 3. Results showed that early (vs
late) food intakes for breakfast, dinner, and early midpoint
eaters were positively associated with diet quality of specific
BHEI-R components. Positive associations with early break-
fast times were observed for the following scores of BHEI-R
components: total fruit (b ¼ 0.774; 95% CI 0.087 to 1.462;
P ¼ .027); milk and dairy products (b ¼ 1.466; 95% CI 0.544 to
2.388; P ¼ .002), and total BHEI-R (b ¼ 3.939; 95% CI 0.282 to
7.597; P ¼ .035). An earlier dinner time was positively asso-
ciated with scores for total vegetables (b ¼ 0.492; 95% CI
0.041 to 0.944; P ¼ .032), calories from SoFAAS (b ¼ 2.397;
95% CI 0.453 to 4.342; P ¼ .016), and total BHEI-R (b ¼ 4.129;
95% CI 0.742 to 7.516; P ¼ .017). Associations with early
midpoint eaters were observed with scores for total vegeta-
bles (b ¼ 0.655; 95% CI 0.216 to 1.093; P ¼ .003) and milk and
dairy products (b ¼ 0.999; 95% CI 0.122 to 1.875; P ¼ .026).
The models effect tests showed that �5 eating episodes
per day was positively associated with scores of total fruit
ting frequency (�5 vs <5 eating episodes per day) with
vivors of breast cancer using tamoxifen during a study at a
2015-2016

95% CI

Wald c2 P valuebower Upper

3.109 1.067 0.919 .338

0.209 3.686 3.062 .080

1.533 2.396 0.185 .667

2.530 1.365 0.343 .558

2.474 1.581 0.186 .666

6.452 3.228 0.426 .514

0.441 8.556 3.125 .077

2.852 6.211 0.528 .468

4.716 4.305 0.008 .929

7.293 2.019 1.232 .267

0.130 0.068 0.381 .537

0.467 6.067 2.822 .093

0.028 0.154 1.845 .174

0.116 0.066 0.288 .592

0.152 0.040 1.300 .254

ear models.

or late eaters, respectively) than the median time: 7:50 AM (range, 5:35 to 11:20 AM).
late eaters, respectively) than the median time: 12:20 PM (range, 11:10 AM to 2:00 PM).
late eaters, respectively) than the median time: 8:00 PM (range, 6:30 to 10:10 PM).
s, respectively) than the median time: 2:08 PM (range, 11:53 AM to 4:25 PM).
(5 eating episodes per day).
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Table 3. Associationsa of eating time (early vs late eaters) and eating frequency (�5 vs <5 eating episodes per day) with the
Brazilian Healthy Eating Index Revised and quantity of food consumption of female breast cancer survivors using tamoxifen
during a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016

Variables b

95% CI

Wald c2 P valuebLower Upper

BHEI-Rc components

Total fruit

Early breakfastd 0.774 0.087 1.462 4.875 .027

Early lunche 0.104 e0.572 0.780 0.091 .763

Early dinnerf 0.375 e0.280 1.029 1.260 .262

Early midpoint eaterg 0.415 e0.234 1.064 1.568 .211

�5 eating episodes/dh 1.158 0.524 1.792 12.823 <.001

Whole fruit

Early breakfastd 0.490 e0.236 1.216 1.752 .186

Early lunche 0.143 e0.558 0.844 0.160 .689

Early dinnerf 0.197 e0.486 0.879 0.319 .572

Early midpoint eaterg 0.068 e0.611 0.748 0.039 .844

�5 eating episodes/dh 1.350 0.706 1.994 16.866 <.001

Total vegetables

Early breakfastd 0.336 e0.155 0.828 1.796 .180

Early lunche 0.041 e0.434 0.516 0.029 .865

Early dinnerf 0.492 0.041 0.944 4.573 .032

Early midpoint eaterg 0.655 0.216 1.093 8.568 .003

�5 eating episodes per dayh e0.192 e0.669 0.284 0.625 .429

Dark green and orange vegetables and legumes

Early breakfastd 0.060 e0.560 0.680 0.036 .850

Early lunche e0.030 e0.623 0.563 0.010 .920

Early dinnerf 0.168 e0.409 0.745 0.326 .568

Early midpoint eaterg 0.317 e0.253 0.887 1.186 .276

�5 eating episodes per dayh 0.447 e0.142 1.036 2.215 .137

Total grains

Early breakfastd 0.049 e0.189 0.287 0.160 .689

Early lunche 0.053 e0.175 0.280 0.206 .650

Early dinnerf 0.192 e0.026 0.410 2.971 .085

Early midpoint eaterg 0.187 e0.030 0.404 2.862 .091

�5 eating episodes per dayh e0.068 e0.297 0.161 0.338 .561

Whole grains

Early breakfastd 0.268 e0.048 0.585 2.757 .097

Early lunche 0.117 e0.189 0.424 0.562 .453

Early dinnerf e0.041 e0.342 0.259 0.073 .787

Early midpoint eaterg 0.043 e0.255 0.341 0.079 .779

�5 eating episodes/dh 0.149 e0.159 0.458 0.903 .342

Milk and dairy products

Early breakfastd 1.466 0.544 2.388 9.708 .002

Early lunche e0.468 e1.393 0.458 0.982 .322
(continued on next page)

RESEARCH

1696 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS September 2022 Volume 122 Number 9



Table 3. Associationsa of eating time (early vs late eaters) and eating frequency (�5 vs <5 eating episodes per day) with the
Brazilian Healthy Eating Index Revised and quantity of food consumption of female breast cancer survivors using tamoxifen
during a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016 (continued)

Variables b

95% CI

Wald c2 P valuebLower Upper

Early dinnerf 0.494 e0.408 1.396 1.150 .283

Early midpoint eaterg 0.999 0.122 1.875 4.989 .026

� 5 eating episodes/dh 0.878 e0.040 1.796 3.514 .061

Meat, eggs, and legumes

Early breakfastd e0.160 e0.998 0.677 0.141 .708

Early lunche 0.341 e0.457 1.140 0.703 .402

Early dinnerf 0.224 e0.557 1.004 0.316 .316

Early midpoint eaterg e0.075 e0.852 0.701 0.036 .849

�5 eating episodes/dh e0.284 e1.088 0.521 0.478 .489

Oils

Early breakfastd e0.074 e0.372 0.225 0.034 .629

Early lunche 0.181 e0.103 0.464 1.564 .211

Early dinnerf 0.130 e0.148 0.407 0.840 .359

Early midpoint eaterg e0.020 e0.297 0.257 0.020 .888

�5 eating episodes/dh e0.036 e0.324 0.252 0.061 .805

Saturated fat

Early breakfastd e0.072 e0.983 0.840 0.024 .878

Early lunche e0.301 e1.170 0.568 0.460 .498

Early dinnerf 0.100 e0.750 0.950 0.053 .817

Early midpoint eaterg e0.132 e0.976 0.712 0.094 .759

�5 eating episodes/dh e0.666 e0.943 0.811 0.022 .882

Sodium

Early breakfastd 0.045 e0.106 0.196 0.346 .557

Early lunche e0.042 e0.862 0.777 0.010 .919

Early dinnerf e0.599 e1.388 0.190 2.214 .137

Early midpoint eaterg e0.637 e1.420 0.145 2.550 .110

�5 eating episodes/dh 1.206 0.422 1.989 9.095 .003

Calories from SoFAASi

Early breakfastd 0.543 e1.610 2.695 0.244 .621

Early lunche 0.256 e1.804 2.316 0.059 .808

Early dinnerf 2.397 0.453 4.342 5.842 .016

Early midpoint eaterg 1.478 e0.494 3.450 2.159 .142

�5 eating episodes/dh e0.334 e2.407 1.740 0.099 .753

Total BHEI-R

Early breakfastd 3.939 0.282 7.597 4.457 .035

Early lunche 0.395 e3.192 3.982 0.047 .829

Early dinnerf 4.129 0.742 7.516 5.709 .017

Early midpoint eaterg 3.298 e0.107 6.703 3.605 .058

�5 eating episodes/dh 4.210 0.712 7.708 5.563 .018
(continued on next page)

RESEARCH

September 2022 Volume 122 Number 9 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1697



Table 3. Associationsa of eating time (early vs late eaters) and eating frequency (�5 vs <5 eating episodes per day) with the
Brazilian Healthy Eating Index Revised and quantity of food consumption of female breast cancer survivors using tamoxifen
during a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016 (continued)

Variables b

95% CI

Wald c2 P valuebLower Upper

Daily quantity of food consumption

Energy (kcal)

Early breakfastd e0.094 e0.196 0.008 3.274 .070

Early lunche e0.038 e0.136 0.059 0.588 .443

Early dinnerf e0.125 e0.216 -0.033 7.160 .007

Early midpoint eaterg e0.143 e0.233 -0.053 9.654 .002

�5 eating episodes/dh 0.092 e0.005 0.189 3.436 .064

Protein (g)

Early breakfastd 0.007 e0.069 0.083 0.031 .860

Early lunche e0.024 e0.099 0.050 0.417 .518

Early dinnerf e0.004 e0.075 0.067 0.011 .916

Early midpoint eaterg 0.007 e0.064 0.078 0.040 .841

�5 eating episodes/dh e0.021 e0.095 0.053 0.317 .574

Carbohydrate (g)

Early breakfastd e1.200 e9.747 7.347 0.076 .076

Early lunche 1.908 e6.257 10.073 0.210 .647

Early dinnerf 2.710 e5.244 10.665 0.446 .504

Early midpoint eaterg 0.595 e7.326 8.516 0.022 .883

�5 eating episodes/dh 5.669 e2.471 13.809 1.863 .172

Fat (g)

Early breakfastd 0.272 e2.186 2.729 0.047 .829

Early lunche 0.007 e0.032 0.046 0.127 .722

Early dinnerf 0.012 e0.026 0.049 0.369 .544

Early midpoint eaterg 0.006 e0.031 0.044 0.101 .751

�5 eating episodes/dh e0.014 e0.053 0.025 0.467 .494

aModels adjusted: age, education, physical activity, body mass index, and prior chemotherapy; generalized linear models.
bP < .05 was considered statistically significant.
cBHEI-R ¼ Brazilian Healthy Eating Index Revised.
dThe food intake time for breakfast was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 7:50 AM (range, 5:35 AM to 11:20 AM).
eThe food intake time for lunch was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 12:20 PM (range, 11:10 AM to 2:00 PM).
fThe food intake time for dinner was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 8:00 PM (6:30 PM to 10:10 PM).
gEating midpoint time was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 2:08 PM (range, 11:53 AM to 4:25 PM).
hEating frequency was determined by being below or equal to/greater than the median value (5 eating episodes/d).
iSoFAAS ¼ solid fats, alcohol, and added sugars.
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(b ¼ 1.158; 95% CI 0.524 to 1.792; P < .001), whole fruit (b ¼
1.350; 95% CI 0.706 to 1.994; P < .001), sodium (b ¼ 1.206;
95% CI 0.422 to 1.989; P ¼ .003), and total BHEI-R (b ¼ 4.210;
95% CI 0.712 to 7.708; P ¼ .018) (Table 3). Being an early
midpoint eater or early dinner eater were inversely associ-
ated with daily energy consumption (b ¼ e0.143; 95% CI
e0.233 to e0.053; P ¼ .002; and b ¼ e0.125; 95% CI e0.216 to
e0.033; P ¼ .007; respectively). No significant associations
were found between macronutrients intake, eating time, and
frequency (Table 3).
Tables 4 and 5 (available at www.jandonline.org) present

the comparisons of means (95% CI), after the generalized
1698 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
linear models analysis, between eating time and frequency
groups with the scores of the BHEI-R components, quantity of
food consumption, anthropometric measurements, and body
composition parameters.
The Figure shows the pairwise comparisons of energy con-

sumption between eating episodes (breakfast, morning snack,
lunch, afternoon snack, and dinner) by BMI classification
(healthy vs overweight/obesity category). The results showed
that women in the healthy BMI category, vs women in over-
weight/obesity category, had higher energy consumption at
breakfast (280 vs 220 kcal, respectively; P ¼ .046), with no
significant differences for the other eating episodes. The
September 2022 Volume 122 Number 9
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Figure. Body mass index classification (healthy vs overweight/obesity) and energy consumption between eating episodes of the
day (breakfast, morning snack, lunch, afternoon snack, and dinner) of female breast cancer survivors using tamoxifen during a study
at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016. General mixed model (GMM). *P < .05 was
considered significant, adjustment for pairwise comparisons by Bonferroni method. Adjusted: age, education, physical activity, and
prior chemotherapy.
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pairwise comparisons of protein, carbohydrate, and fat con-
sumption between eating episodes (breakfast, morning snack,
lunch, afternoon snack, and dinner) by BMI classification
found no significant differences (data not shown). In addition,
similar analyses were performed for WC, BFP, and total BHEI-R
scores groups, and no significant differences in the pairwise
comparisons were found (data not shown).
No significant differences were found between women

based on BMI category (overweight/obesity and healthy
category) for daily consumption of energy (1,661 and 1,633
kcal/d, respectively; P ¼ .754), protein (70.6 and 67.8 g/d,
respectively; P ¼ .301), carbohydrate (194.5 and 193.8 g/d,
respectively; P ¼ .872), and fat (58.8 and 59.7 g/d, respec-
tively; P ¼ .466) (data not shown).
DISCUSSION
The present study evaluated the association between eating
time and frequency with diet quality and quantity of food
consumption, anthropometric and body composition pa-
rameters of female Brazilian BC survivors undergoing adju-
vant endocrine therapy with tamoxifen. The results of this
study demonstrated that earlier food intake times (for
breakfast, dinner, and by eating midpoint) and having more
eating episodes per day were positively associated with
better diet quality for scores of specific BHEI-R components.
Early breakfast and dinner eating, as well as having more
eating episodes per day, were also associated with better
scores of the total index. Earlier food intake times (for dinner
and by eating midpoint) were also associated with lower
daily energy consumption. In addition, women in the healthy
BMI category compared with women with overweight and
obesity during adjuvant endocrine therapy, had higher daily
energy consumption at breakfast.
In the present study, the scores of total fruit, milk and dairy

products, and total BHEI-R were positively associated with
earlier breakfast times. In addition, the higher scores of
SoFAAS and total BHEI-R were associated with earlier dinner
times. Studies have suggested that food consumption at the
beginning of the day has a positive effect on overall diet
quality, and food intake late at night has a negative ef-
fect.18,21,28-30 In addition to the data from this study, the
aforementioned studies corroborate that eating time may be
September 2022 Volume 122 Number 9 JO
associated with diet quality, but this theme is lacking among
female BC survivors. A Brazilian study from our group with
pregnant women also showed an inverse association be-
tween the time of the first meal, supposedly breakfast, and
diet quality, specifically for the whole-fruit component.22

Breakfast has been considered an important eating occasion
for the daily consumption of nutrients and contributes sub-
stantially to nutritional quality,57 often including foods that
meet specific nutrient recommendations.58 Moreover, over-
night food choices are often based on palatability and plea-
sure and can affect health negatively.59 Studies on this
subject have found that eating late can impact metabolic
health negatively because the night-time fasting period
stimulates fat metabolism60 and glucose tolerance decreases
substantially.61 However, waking up after the longest sleep
period of the day is expected to facilitate food metabolism
with better insulin sensitivity.61 It is also known that energy
expenditure at rest varies with the circadian phase, reaching
the lowest level in the late biological night,62 which re-
inforces that eating food at night would be detrimental to
health due to impaired metabolic activity at this time of day.
A recent study by Kelly and colleagues63 reported that lipid
oxidation is 15 g lower in 24 hours when participants ate a
late-night isocaloric snack instead of breakfast (700-kcal
identical meals).
It is also possible to speculate that early eaters from the

present study had better HEI scores because they were more
concerned about their health, which could lead to healthy
food choices. This could be explained by the individual
preference for carrying out activities throughout the day or
chronotype.64 Studies on this topic have found that early
chronotype is associated with traits related to conscien-
tiousness, including lower levels of procrastination65 and
higher levels of self-control and emotional stability compared
with evening chronotype,65,66 which could facilitate the
adoption of positive health behaviors. Considering that
healthy eating habits are associated with higher education,67

in this study, the models were adjusted using education level
as a control variable.
In the present study, early dinner eating and early

midpoint eating were associated with lower daily energy
consumption. In a recent study with a Chinese population,
the authors found that daily energy intake was higher for
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1699
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those who had an evening-dominant consumption pattern.24

Similar results were seen in a prospective cohort study with
pregnant women.27 In line with these findings, de Castro26

found that late-night food intake lacks satiating properties
and can lead to higher overall energy intake. In contrast, food
consumption earlier in the day, such as in the morning, is
particularly satiating and can reduce the total amount of
energy consumed during the day.26

Contrary to the initial hypothesis of this study and several
other studies,18,28-30 no associations between eating time and
anthropometric and body composition parameters were
found. In addition, pairwise comparisons by GMM analyses
showed that women in the healthy BMI category, compared
with women with overweight/obesity, had higher energy
consumption at breakfast. To the best of our knowledge, no
similar data showing differences in eating behavior by
nutritional status classification for each eating episode of the
day have been published. However, higher BMI values are
commonly associated with lower morning energy intake and
higher evening energy intake.18,28,29 Jakubowicz and col-
leagues28 found that skipping breakfast or a lower energy
intake at breakfast relative to dinner may be associated with
higher BMI values. Moreover, Xião and colleagues29 found
that a higher percentage of total daily energy intake
consumed during the morning period was associated with an
approximately 50% decrease in the odds of being overweight
or obese. It is also important to highlight that, contrary to
what the authors hypothesized, the results of the current
study showed that post-menopausal women who ate early at
lunch time did not follow the pattern of better anthropo-
metric and body composition results. Additional research is
needed to prospectively investigate possible changes in
nutritional status considering menopausal status and chrono-
nutritional variables. In addition, given the findings of the
literature and the results of this study, and considering that
obesity is a common occurrence in BC survivors5,6 and an
important modifiable risk factor for female BC incidence and
recurrence,31 further studies should explore the relationship
between obesity and food intake times.
The numbers of eating episodes of different populations

can vary widely.51 In this study, a median of 4.67 (approxi-
mately 5) eating episodes per day was found. No associations
between eating frequency and anthropometry measurements
and body composition parameters were found, in contrast to
what has been reported in other studies.18,19,21 However, the
data of the present study suggest that more frequent eating
episodes are associated with better diet quality in female
Brazilian BC survivors. Despite still conflicting results,51,60

recent evidence on this subject has suggested that a greater
number of daily eating episodes is associated with better diet
quality.21-23 The favorable findings in the current study for
the relationship between higher eating frequency and better
diet quality may be due to the food choices that the Brazilian
population makes for eating episodes between large meals
(snacks), which usually include nutrient-rich food, such as
fruit and dairy products.21,22 Although this inclusion of fruit
for snacks has already been verified in other populations,
such as Americans and British,18,23 it must be interpreted
prudently, considering the differences in eating behavior and
lifestyle between countries.68 Among the few studies on this
theme with women with BC, our group showed in a previous
study that eating frequency was positively associated with
1700 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
the scores of total fruit, whole fruit, and total BHEI-R in
women with BC in the intermediate and final period of
chemotherapy.21 Given the literature cited above, reinforcing
the importance of including eating episodes between large
meals might favor the quality of food consumption in this
population.
Some limitations in the present study must be consid-

ered. This exploratory study is cross-sectional, limiting its
ability to establish causal relationships. In addition, the
results of this study are based on a small sample, which did
not include men. Therefore, the generalization of the re-
sults for all Brazilian BC survivors should be made with
caution. Although the 24HR has been recommended as the
dietary method of choice in large population studies,69,70

this instrument is a subjective questionnaire dependent
on the memory and motivation of the participants. How-
ever, the 24HRs were conducted by trained and qualified
professionals to better guide and conduct the interviews. In
addition, the nutrients of the main meals were deattenu-
ated and adjusted for the mean energy intake of the
sample in the quantitative analysis of food consumption to
reduce the intra- and interindividual variability of food
consumption and to reflect the closest possible intake to
that of the reality of these individuals.

CONCLUSIONS
The present study supports the idea that better diet quality is
associated with earlier food consumption times and, specif-
ically, earlier consumption of breakfast and dinner. Lower
daily energy consumption is also associated with earlier food
consumption times and with earlier dinner times. In addition,
more eating episodes during the day are positively associated
with diet quality. Future studies, such as randomized
controlled trials, are needed to evaluate interventions
addressing the timing and frequency of meals and their effect
on diet quality and quantity in BC survivors.
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Table 4. Anthropometry measurements and body composition parameters by eating time and eating frequency of female breast cancer survivors using tamoxifen during
a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016

Variablesa
Midpoint Eatersb Breakfastc Lunchd Dinnere No. of Eating Episodesf

Early Late Early Late Early Late Early Late <5 ‡5

 ��������������������������������������������������mean (95% CI); n��������������������������������������������������!
BMId

(n ¼ 84)
27.0
(25.2-28.9); 44

27.6
(26.0-29.3); 40

26.7
(24.8-28.7); 43

27.8
(26.1-29.4); 41

28.3
(26.5-30.0); 47

26.5
(24.8-28.3); 37

27.6
(25.8-29.5); 44

27.2
(25.5-28.9); 40

27.6
(25.9-29.3); 47

27.2
(25.3-29.0); 37

WCe (cm)
(n ¼ 84)

90.0
(85.6-94.3); 44

90.2
(86.4-94.0); 40

89.1
(84.5-93.7); 43

90.7
(86.9-94.5); 41

92.8
(88.1-96.2); 47

88.1
(84.1-92.1); 37

91.0
(86.8-95.3); 44

89.4
(85.4-93.3); 40

91.3
(87.3-95.3); 47

88.7
(84.5-92.9); 37

BFPf

(n ¼ 74)
32.7
(29.9-35.7); 36

33.5
(31.0-36.1); 38

32.5
(29.6-35.7); 35

33.5
(31.1-36.2); 39

34.6
(31.7-37.5); 40

31.8
(29.0-34.7); 34

34.3
(31.6-37.3); 36

32.2
(29.8-34.9); 38

34.09
(31.4-37.1; 41

32.24
(29.7-35.1); 33

aThe variables are presented as mean (95% CI); n (generalized linear models). Adjusted: age, education, physical activity, and prior chemotherapy. No significant differences were observed (P < .05).
bEating midpoint time was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 2:08 PM (range, 11:53 AM to 4:25 PM).
cThe food intake time for breakfast was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 7:50 AM (range, 5:35 to 11:20 AM).
dBMI ¼ body mass index.
eWC ¼ waist circumference.
fBFP ¼ body fat percentage.
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Table 5. Scores of the Brazilian Healthy Eating Index Revised and daily quantity of food intake by eating time and eating frequency of female breast cancer survivors
using tamoxifen during a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016 (n ¼ 84)

Variablea

Midpoint Eaterb Breakfastc Lunchd Dinnere No. of Eating Episodesf

Early
(n [ 44) Late (n [ 40)

Early
(n [ 43) Late (n [ 41)

Early
(n [ 47)

Late
(n [ 37)

Early
(n [ 44) Late (n [ 40) <5 (n [ 47) ‡5 (n [ 37)

 �������������������������������������������������
mean (95% CI)

�������������������������������������������������!
BHEI-Rg

components
(range of
index scores)

Total fruit (0-5) 3.6 (3.0-4.3) 3.2 (2.7-3.8) 3.9 (3.2-4.5)x 3.1 (2.6-3.6)y 3.4 (2.8-4.0) 3.3 (2.7-3.9) 3.6 (3.0-4.2) 3.2 (2.6-3.8) 2.8 (2.3-3.4)x 4.0 (3.4-4.6)y

Whole fruit
(0-5)

3.4 (2.8-4.1) 3.3 (2.8-3.9) 3.7 (3.0-4.4) 3.2 (2.6-3.8) 3.4 (2.8-4.1) 3.3 (2.7-3.9) 3.5 (2.9-4.1) 3.3 (2.7-3.9) 2.7 (2.2-3.3)x 4.1 (3.5-4.7)y

Total vegetables
(0-5)

4.0 (3.6-4.5)x 3.4 (3.0-3.7)y 3.8 (3.4-4.3) 3.5 (3.1-3.9) 3.7 (3.2-4.1) 3.6 (3.2-4.0) 3.9 (3.5-4.3)x 3.4 (3.0-3.8)y 3.7 (3.3-4.1) 3.5 (3.1-4.0)

Dark green and
orange
vegetables
and legumes
(0-5)

3.0 (2.5-3.6) 2.7 (2.2-3.2) 2.9 (2.3-3.4) 2.8 (2.3-3.3) 2.8 (2.3-3.3) 3.8 (2.3-3.4) 2.9 (2.4-3.5) 2.7 (2.2-3.3) 2.6 (2.1-3.1) 3.1 (2.5-3.6)

Total grains
(0-5)

4.4 (4.2-4.6) 4.2 (4.0-4.4) 4.3 (4.1-4.5) 4.3 (4.1-4.4) 4.3 (4.1-4.5) 4.3 (4.1-4.5) 4.4 (4.2-4.6) 4.2 (4.0-4.4) 4.3 (4.1-4.5) 4.2 (4.0-4.4)

Whole grains
(0-5)

0.6 (0.3-0.9) 0.6 (0.3-0.8) 0.7 (0.5-1.0) 0.5 (0.2-0.7) 0.6 (0.4-0.9) 0.5 (0.3-0.8) 0.6 (0.3-0.8) 0.6 (0.3-0.9) 0.5 (0.2-0.8) 0.7 (0.4-0.9)

Milk and dairy
products
(0-10)

3.7 (2.9-4.6)x 2.7 (2.9-4.6)y 4.0 (3.2-4.9)x 2.6 (1.9-3.3)y 2.9 (2.1-3.7) 3.3 (2.5-4.2) 3.4 (2.6-4.2) 2.9 (2.1-3.7) 2.7 (1.9-3.5) 3.6 (2.8-4.4)

Meat, eggs, and
legumes
(0-10)

7.9 (7.0-8.5) 7.9 (7.2-8.5) 7.7 (6.9-8.5) 7.9 (7.2-8.5) 8.0 (7.3-8.7) 7.7 (7.0-8.4) 8.0 (7.2-8.7) 7.7 (7.1-8.4) 8.0 (7.3-8.7) 7.7 (7.0-8.4)

Oils (0-10) 9.8 (9.5-10.0) 9.8 (9.5-10.0) 9.7 (9.4-10.0) 9.8 (9.6-10.0) 9.9 (9.6-10.1) 9.7 (9.4-9.9) 9.8 (9.6-10.1) 9.7 (9.5-9.9) 9.8 (9.5-10.0) 9.7 (9.5-10.0)

Saturated fat
(0-10)

7.4 (6.6-8.2) 7.6 (6.8-8.3) 7.5 (6.6-8.3) 7.5 (6.8-8.2) 7.3 (6.6-8.1) 7.6 (6.9-8.4) 7.6 (6.8-8.3) 7.5 (6.7-8.2) 7.5 (6.8-8.3) 7.5 (6.7-8.3)

Sodium (0-10) 5.5 (4.8-6.3) 6.1 (5.5-6.8) 6.0 (5.2-7.0) 5.8 (5.1-6.5) 5.9 (5.1-6.6) 5.9 (5.2-6.6) 5.6 (4.8-6.3) 6.2 (5.5-6.8) 5.3 (4.7-6.0)x 6.5 (5.8-7.2)y

(continued on next page)
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Table 5. Scores of the Brazilian Healthy Eating Index Revised and daily quantity of food intake by eating time and eating frequency of female breast cancer survivors using
tamoxifen during a study at a university hospital in the city of Uberlandia, Minas Gerais, Brazil, 2015-2016 (n ¼ 84) (continued)

Variablea

Midpoint Eaterb Breakfastc Lunchd Dinnere No. of Eating Episodesf

Early
(n [ 44) Late (n [ 40)

Early
(n [ 43) Late (n [ 41)

Early
(n [ 47)

Late
(n [ 37)

Early
(n [ 44) Late (n [ 40) <5 (n [ 47) ‡5 (n [ 37)

Calories from
SoFAASh

(0-20)

13.1
(11.2-15.0)

11.6
(9.9-13.3)

12.5
(10.5-14.5)

12.0
(10.3-13.7)

12.3
(10.5-14.1)

12.0
(10.2-13.8)

13.5
(11.7-15.3)x

11.1
(9.4-12.8)y

12.3
(10.5-14.1)

12.0
(10.1-13.9)

Total BHEI-R
(0-100)

66.3
(63.0-69.6)

63.0
(60.1-65.9)

66.8
(63.4-70.2)x

62.9
(60.0-65.7)y

64.5
(61.3-67.7)

64.1
(61.0-67.2)

66.6
(63.4-69.7)x

66.5
(59.5-65.4)y

62.3
(59.3-65.3)x

66.6
(63.4-69.7)y

Daily quantity
of food intake

Energy (kcal) 1,446
(1,325-1,577)x

1,668
(1,545-1,800)y

1,488
(1,353-1,636)

1,635
(1,509-1,770)

1,548
(1,418-1,690)

1,608
(1,477-1,750)

1,470
(1,349-1,602)x

1,665
(1,539-1,803)y

1,514
(1,393-1,644)

1,660
(1,520-1,812)

Protein (g) 69.5
(64.9-74.5)

69.0
(65.0-73.3)

69.5
(64.7-74.8)

69.1
(65.1-73.3)

68.3
(63.9-73.0)

70.0
(65.7-74.6)

69.1
(64.6-73.8)

69.3
(65.2-73.8)

70.0
(65.6-74.6)

68.5
(64.1-73.1)

Carbohydrate (g) 197.2
(189.5-204.8)

196.6
(189.9-203.3)

196.1
(188.0-204.1)

197.3
(190.5-204.0)

197.8
(190.5-205.1)

195.9
(188.7-203.0)

198.3 (190.9-
205.7)

195.6
(188.7-202.5)

194.2
(187.2-201.2)

199.8
(192.5-207.2)

Fat (g) 59.1
(57.0-61.3)

58.8
(56.9-60.7)

59.1
(56.8-61.4)

58.8
(56.9-60.8)

59.1
(57.1-61.2)

58.7
(56.8-60.7)

59.3
(57.2-61.4)

58.6
(56.7-60.5)

59.3
(57.3-61.3)

58.5
(56.5-60.5)

aVariables are presented by mean (95% CI). Generalized linear models; P < .05 was considered statistically significant.
bEating midpoint time was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 2:08 PM (range, 11:53 AM to 4:25 PM).
cThe food intake time for breakfast was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 7:50 AM (range, 5:35 to 11:20 AM).
dThe food intake time for lunch was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 12:20 PM (range, 11:10 AM to 2:00 PM).
eThe food intake time for dinner was determined by being equal to/below or greater (early or late eaters, respectively) than the median time: 8:00 PM (range, 6:30 to 10:10 PM).
fEating frequency was determined by being below or equal to/greater than the median value (5 eating episodes/d).
gBHEI-R ¼ Brazilian Healthy Eating Index Revised.
hSoFAAS ¼ solid fats, alcohol, and added sugars.
xyWithin a row, estimates that do not share the same superscript letter (x, y) are significantly different. Adjusted: age, education, physical activity, body mass index, and prior chemotherapy.
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ABSTRACT
Background Among Latinos, greater acculturation to the United States (US) is associ-
ated with risk of obesity and obesity-related comorbidities. Less is known about the
associations between acculturation and obesity-related modifiable risk factors, such as
diet quality and physical activity (PA) among Latina breast cancer survivors.
Objective The aim of this study was to explore associations between acculturation and
weight status, diet quality, and PA among Latina breast cancer survivors.
Design This is a cross-sectional secondary analysis of baseline data on demographic
and clinical characteristics, acculturation, anthropometric measures, diet quality, and PA
collected from Latina breast cancer survivors enrolled in the ¡Mi Vida Saludable! (My
Healthy Life) behavioral diet and PA intervention trial.
Participants/setting Participants were Latina women (n ¼ 167) residing in New York
City, with a medical history of stage 0 to III breast cancer, no evidence of recurrent or
metastatic disease, and at least 90 days post cancer treatment who participated in the
¡Mi Vida Saludable! randomized controlled trial between July 2016 and October 2018.
Main outcome measures Acculturation status was measured by the Short Accultura-
tion Scale for Hispanics score, language preference, place of birth, and duration of US
residence. Weight, height, and waist and hip circumferences were measured at an in-
person clinic visit. Diet information was collected via 3 telephone-based 24-hour di-
etary recalls and PA information was collected via staff administered 7-day recalls.
Statistical analyses performed Linear regression models examined associations be-
tween acculturation and weight status, diet quality, and PA.
Results Based on the Short Acculturation Scale for Hispanics acculturation score, more
acculturated compared with less acculturated Latinas were younger in age, more
educated, and had higher annual household incomes (all, P < .05). Compared with
Spanish-speaking Latinas, English-speaking Latinas had larger waist circumference (103
vs 96.1 cm; P ¼ .01) and poorer-quality diets (Healthy Eating Index 2015 scores, 57.3 vs
71.5; P < .001). Greater levels of acculturation were also associated with higher levels of
leisure walking at a moderate-to-vigorous intensity (265.8 vs 179.0 min/wk; P ¼.04).
Conclusions Greater levels of acculturation were associated with higher central obesity
and poorer-quality diets. Future lifestyle modification trials tailored to the unique role of
acculturation on adopting behavior change recommendations is a promising next step
in this line of research.
J Acad Nutr Diet. 2022;122(9):1703-1716.
I
T IS ESTIMATED THAT LATINAS ALONE WILL REPRESENT
25% of the total population of women in the United
States (US) by 2050.1,2 Cancer is the leading cause of
death among Latinas and breast cancer is the leading

cause of cancer death.3 Latinas are further burdened by high
rates of obesity, diabetes, and other obesity-related
cardiometabolic comorbidities.4 An estimated 80% of Latinas
in the US are overweight or obese, which is associated with
poorer breast cancer outcomes.5 Although the rates of female
breast cancer are highest among non-Latina women in the
US, Latinas are more likely to be diagnosed at later stages, to
have a greater likelihood of disease recurrence, and are 20%
more likely to die from breast cancer compared with
their non-Latina counterparts.6,7 These differences
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RESEARCH SNAPSHOT

Research Question: What is the role of acculturation with
weight, diet quality, and physical activity among Latina
breast cancer survivors?

Key Findings: This cross-sectional study showed that among
Latina breast cancer survivors, greater levels of acculturation
to the US were significantly associated with higher central
obesity and adherence to low-quality diets.

RESEARCH
persist after accounting for age, socioeconomic and cultural
factors.6,7

To reduce breast cancer recurrence and prevent or reduce
comorbidities, the American Institute for Cancer Research
and the American Cancer Society recommended that breast
cancer survivors: 1) achieve and maintain a normal healthy
weight; 2) eat a high-quality diet rich in fruits and vegetables
and low in energy-dense foods and beverages; and 3) engage
in regular physical activity.8,9

Acculturation, or the process by which individuals adopt
the attitudes, values, customs, belief, and behaviors of
another culture, is known to play an important role in the
health of Latinos in the US.10,11 Among Latinos, greater levels
of acculturation and increased time living in the United States
are associated with disproportionally higher rates of
obesity.12-14 Obesity is a multifactorial, largely preventable
disease that can be partly attributed to following a low-
quality diet high in energy-dense and nutrient-poor foods
and/or engaging in low levels of physical activity.15,16

Research on the role of acculturation among US Latinos
adopting recommendations to follow a high-quality diet and
engage in regular physical activity is sparce and no analyses
have focused on Latina breast cancer survivors.10-12,17-20 The
few existing studies to date have focused either on the role of
acculturation on specific traditional dietary patterns among
postmenopausal Latina women or on the roles of accultura-
tion on physical activity among Latino populations without
cancer.12,18 One recent study reported that, compared with
more acculturated Latinas, less acculturated Latinas who
followed a traditional Mexican diet high in dietary fiber,
fruits, and vegetables and low in added sugars and processed
foods had lower risk of obesity-related cancer and cancer
mortality.12 Another study reported that, compared with
more acculturated Latinos without cancer, less acculturated
Latinos without cancer engaged in higher levels of occupa-
tional physical activity and lower levels of accelerometer-
measured leisure moderate-to-vigorous physical activity.18

These two recent large epidemiological studies highlight
the complexity of these relationships and the importance of
understanding the potential role of acculturation when tar-
geting dietary and physical activity behaviors among Latinos
in the US.
Less is known about the associations between accultura-

tion and weight status, diet quality, and physical activity
among Latina breast cancer survivors. To address this gap,
this cross-sectional secondary analysis evaluated the associ-
ations between levels of acculturation and weight status, diet
quality, and physical activity among Latina breast cancer
survivors who participated in the ¡Mi Vida Saludable! (My
Healthy Life) behavioral diet and physical activity interven-
tion trial. It was hypothesized that greater levels of accul-
turation would be associated with higher adiposity (ie, body
mass index [BMI; calculated as kg/m2] and waist to hip ratio),
poor-quality diets, and low levels of physical activity among
Latina breast cancer survivors.

MATERIALS AND METHODS
Study Population
The ¡Mi Vida Saludable! (My Healthy Life) study was a ran-
domized, controlled, 2 � 2 factorial trial of a 12-month
behavioral diet and physical activity intervention among
1704 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
Latina breast cancer survivors. Eligibility criteria included
residing in New York City, female sex, self-identification as
Hispanic or Latina, age 21 years or older, medical history of
stage 0 to III breast cancer, no evidence of recurrent or
metastatic disease, and at least 90 days post cancer treatment
(eg, chemotherapy, biologic therapy, or radiation treatment
and/or breast surgery; current use of endocrine therapy was
permitted). Exclusion criteria included women who smoked
within the past 30 days and those who reported intakes of �5
daily servings of fruits and vegetables and/or engaged in
�150 minutes per week of moderate-to-vigorous physical
activity, as assessed by brief screening questionnaires.21,22

Participants were enrolled in the study between July 2016
and October 2018.
Potential participants were identified through cancer pa-

tient database registries; direct referrals by physicians; and
breast cancer community events, support groups, and orga-
nizations. After obtaining permission to contact from their
physicians, patients were mailed a recruitment letter and
brochure, and were then contacted one week later via tele-
phone to query their interest and eligibility to participate in
the study. Study staff were fully bilingual (English and
Spanish), and all study materials were available in Spanish
and English. The study was approved by the Columbia Uni-
versity Medical Center, Teachers College Columbia University,
and Fred Hutchinson Cancer Research Center Institutional
Review Boards. The study was registered at ClinicalTrials.gov
(NCT02780271). All participants provided written informed
consent.

Data Collection
A total of 167 participants were enrolled and randomized into
the ¡Mi Vida Saludable! study. Study participants were
required to complete all baseline data collection before
randomization.

Sociodemographic and Clinical Characteristics. Socio-
demographic and clinical characteristics data were collected
at baseline via self-reported questionnaires. Data on socio-
demographic characteristics included age, race, ethnic back-
ground, education, employment status (eg, employed,
unemployed, disabled, and retired), and annual household
income. Clinical characteristics were assessed with questions
on history of breast cancer and treatment.

Acculturation Status. Acculturation data were collected at
baseline via self-reported questionnaires. Acculturation was
primarily measured by the Short Acculturation Scale for
Hispanics (SASH),23 which has two subscales composed of 12
September 2022 Volume 122 Number 9

http://ClinicalTrials.gov


RESEARCH
total items assessing 1) participants’ language use (eg, lan-
guage they speak, think: 5 items) and media preference (eg,
language of television programs watched: 3 items); and 2)
ethnic social relations (eg, ethnicity of close friends, visitor: 4
items). Higher scores indicate higher acculturation to the US
mainstream culture (total scale score ranges from 1 to 5).
Participants were also asked to provide data on language
preference (English or Spanish), place of birth (US-born or
foreign-born) and, if foreign-born, participants were asked
about ethnic background (country to origin) and number of
years living in the US.

Adiposity Measures. Height, weight, and waist and hip
circumferences were measured during in-person clinic visits
by trained study staff. Height was measured using a stadi-
ometer with a fixed vertical backboard and an adjustable
head piece without shoes (Genentech Accustat). Weight was
measured using a calibrated electronic scale (SR Instruments
SRscale) in light clothing and without shoes. A Gulick
(Country Technology, Inc.) anthropometric measuring tape
was used to measure waist and hip circumferences. After
locating the right ilium of the pelvis, a line was marked with
the measuring tape to collect the measurement. Participants
were instructed to gather their upper clothes above the waist,
cross their arms, and place their hands-on opposite shoul-
ders. When necessary, participants were also asked to lower
their pants and underclothing to slightly below the waist. For
all measures of height, weight, and waist and hip circum-
ferences, a total of 3 measurements were collected and final
values were derived by averaging the 3 measurements.
Measured height and weight were used to calculate BMI

categories as follows: healthy weight, BMI �18.5-24.9; over-
weight, BMI � 25.0-29.9; and obese, BMI �30.0.24 Hip and
waist circumference measures were used to estimate waist to
hip ratio. Central obesity is defined as waist circumference
�88 cm for women.25

Diet Quality. Dietary intake was assessed via interviewer-
administered, telephone-based, dietary assessments using
three 24-hour dietary recall assessments (2 weekdays, 1
weekend day). Data were analyzed using the Nutrition Data
System for Research (version 2016) developed by the Uni-
versity of Minnesota and used frequently in Latino pop-
ulations.26-30 Diet quality was derived using the Healthy
Eating Index 2015 (HEI-2015) scoring criteria.31,32 Total HEI-
2015 scores were derived based on dietary intake as re-
ported via 24-hour dietary recalls described above and scored
using the simple algorithm method.33 Scored out of 100
points, the HEI-2015 includes a total of 13 dietary compo-
nents (total fruits, whole fruits, total vegetables, greens and
beans, whole grains, dairy, total protein foods, seafood and
plant proteins, fatty acids, refined grains, sodium, added
sugars, and saturated fat). The first 9 components are
considered adequacy components and higher consumption of
these correspond to higher individual components scores.
The last 4 moderation components are reverse scored and
lower intakes correspond to higher scores. Higher HEI-2015
total scores indicate greater adherence to the 2015-2020 Di-
etary Guidelines for Americans.34

Physical Activity. Physical activity was assessed via an
interviewer administered and validated 7-day physical
September 2022 Volume 122 Number 9 JO
activity recall during in-person clinic visits.35,36 This is a brief
assessment designed to query the amount of time spent
engaged in various types of physical activity and sleep during
the past 7 days. Levels of intensity (moderate, hard, and very
hard) are defined by the instrument. Total weekly minutes
spent in each activity category, as well as category type, were
averaged.

Statistical Analyses
Baseline demographic and clinical characteristics are pre-
sented by acculturation status as measured by the SASH
acculturation score (sample median score <1.9 vs �1.9), and
proxies of acculturation: preferred language (Spanish vs En-
glish), place of birth (foreign vs US-born), and for those who
were foreign-born, by duration of US residence (sample
median score <27 years vs �27 years). The data on duration
of US residence were available for 65% of study participants
(n ¼ 109/167), as acculturation questions were not required
to be answered due to the potentially sensitive nature of the
topic. Data were compared across levels of acculturation us-
ing analysis of variance or c2 test to compare continuous and
categorical variables, respectively. Then the associations be-
tween acculturation status and weight status (BMI, BMI cat-
egories, waist and hip circumferences, and waist to hip ratio),
diet quality, and physical activity were evaluated using
regression models. All models were adjusted for age, BMI
(when applicable), education (some high school or high
school graduate/General Educational Development vs some
college or higher), and annual household income (�$15,000
vs �$15,001). These variables were selected a priori, as they
are known to be associated with the main variables of in-
terest (ie, acculturation, diet, physical activity, and adiposi-
ty).37-39All statistical tests were 2-sided (P < .05) and
performed using R software (version 4.0.5).40 Based on rec-
ommendations for exploratory analyses,41,42 we did not
adjust for multiple comparisons, as this study aimed to
inform the development of future interventions for Latina
women.

RESULTS
A total of 167 women were randomized in the study. Details
of the ¡Mi Vida Saludable! trial methods have been published
previously.43 Briefly, participants were screened between
January 2016 and September 2018. The primary sources of
recruitment were breast cancer patient databases (60%), fol-
lowed by database requests to outside medical institutions
(16%) and direct referrals from physicians (13%). Of 884
women assessed for eligibility through the staff-administered
screening questionnaire, 241 (27%) were eligible. Nearly
three-quarters (73%) of women screened for eligibility were
ineligible. Primary reasons for ineligibility were not being
able to participate due to work or life responsibilities (17%),
health reasons (12%), not being able or willing to participate
(17%), or transportation barriers (9%). Of the 241 women
eligible to participate, 17% did not show up to the first in-
person baseline clinic visit, and an additional 14% failed to
complete the run-in period to collect baseline data, either did
not complete the telephone-based dietary assessments or did
not show up to the second baseline clinic visit. From July 2016
to October 2018, a total of 167 women were randomized into
the trial.
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Most of the women were of Dominican ethnic background.
Approximately one-third (28%) of women had educational
attainment of less than a high school diploma, 38% were
employed full- or part-time, 17% were disabled, and 53% had
annual household incomes �$15,000. Approximately 81% of
study participants were overweight or obese. Approximately
25% of participants had been diagnosed with atypia/in situ
and all but 2 women reported having had breast surgery
(98.8%). Most women received chemotherapy (61.3%) and/or
radiation (65.0%) and approximately one-half (47.5%) were on
endocrine therapy at the time of enrollment.

Sociodemographic and Clinical Characteristics by
Levels of Acculturation
On average, women scored 2.0 � 0.7, out of 5 maximum
points when using the SASH acculturation score44 (data not
shown). Most women in the study preferred speaking
Spanish (89.2%) (Table 1). On average, 42% preferred to read
and speak in Spanish, 83% reported speaking in Spanish only
as a child, 45% currently speak Spanish only at home, 58%
preferred to think in Spanish, and 51% reported using Spanish
only to communicate with friends (Figure). Most women
reported that all of their closest friends were Latinos or more
were Latinos than non-Latinos (78%), and they also reported
that approximately one-half of the people they spend most
time with were Latino and one-half were non-Latinos (58%).
Demographic characteristics by SASH acculturation scores

(less than median or median and higher), and proxies of
acculturation (language preference, place of birth, and dura-
tion of residence) are presented in Table 1. Nearly three-
quarters (75%) of study participants were foreign-born La-
tinas and 15% were US-born Latinas (10% of the sample were
missing data on this question). On average, foreign-born La-
tinas had lived 28 � 13 years (range, 2-64 years; median 27
years) in the US (data not shown). Based on the SASH
acculturation score, more acculturated compared with less
acculturated Latinas were younger in age (P ¼ .01), less likely
to be of Dominican ethnic descent (P < .001), more educated
(P < .001), and have had higher annual household incomes (P
< .001). Similarly, English-speaking compared with Spanish-
speaking Latinas were less likely to be of Dominican ethnic
descent and to have had higher annual household incomes
(all, P < .001).
US-born compared with foreign-born Latinas were younger

in age (P ¼ .003), less likely to be of Dominican ethnic descent
(P < .001), more educated (P < .001), more likely to be
employed either full-time or part-time and less likely to be
disabled (P ¼ .007), and more likely to have had higher
annual household incomes (P < .001). Among foreign-born
Latinas (n ¼ 125), those who lived in the US for �27 years
compared with those who lived in the US for <27 years, were
older in age (P < .001) and therefore more likely to be retired
(33% vs 4%) (P ¼ .005). No differences were found across
levels of acculturation and time since breast cancer diagnosis,
cancer stage, or treatment received (Table 2).

Adiposity by Levels of Acculturation
In this study, results on the associations between anthropo-
metric measures by levels of acculturation were mixed
(Table 3). Based on the SASH scores, more acculturated
compared with less acculturated Latinas had lower BMI (28.9
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vs 30.1; P < .001). Compared with Spanish-speaking Latinas,
English-speaking Latinas had higher BMI (29.4 vs 29.3; P <

.001) and larger waist circumference (103 vs 96.1 cm; P ¼

.01). Compared with foreign-born Latinas, US-born Latinas
had higher BMI (29.6 vs 29.2; P < .001), larger waist
circumference (102.3 vs 95.8 cm; P ¼ .004), and larger hip
circumference (111.0 vs 105.9 cm; P ¼ .02). Among foreign-
born Latinas, greater duration of residence in the US (�27
years vs <27 years) was associated with lower BMI (28.5 vs
29.2; P < .001) and smaller hip circumference (103.7 vs 106.8
cm; P ¼ .02). There were no other significant associations
between levels of acculturation and BMI categories, hip
circumference, or waist to hip ratio.

Diet Quality by Levels of Acculturation
Based on the SASH scores, more acculturated compared with
less acculturated Latinas had significantly lower diet quality
HEI-2015 total scores (67.8 vs 72.5; P ¼ .009, out of 100 total
maximum points) with corresponding significantly lower
scores for total fruits, whole fruits, refined grains, and added
sugars (Table 4). Compared with Spanish-speaking Latinas,
English-speaking Latinas had significantly lower diet quality
HEI-2015 total scores (57.3 vs 71.5; P < .001) with corre-
sponding significantly lower scores for total fruits, whole
fruits, seafood and plant proteins, refined grains, added
sugars, and saturated fats. Similarly, compared with foreign-
born Latinas, US-born Latinas had significantly lower diet
quality scores (56.8 vs 72.0; P < .001), with corresponding
significantly lower scores for total fruits, whole fruits, total
vegetables, greens and beans, seafood and plant proteins,
fatty acids, refined grains, added sugars, and saturated fats.
No difference in total HEI-2015 scores was found by duration
of US residence.

Physical Activity by Levels of Acculturation
When examining physical activity by levels of acculturation,
there were no significant differences in reported total mi-
nutes of moderate-to-vigorous physical activity across SASH
score, language preference, place of birth, or duration of
residence (Table 5). Based on the SASH score, more accul-
turated compared with less acculturated Latinas reported
significantly more minutes per week of leisure other aerobic
activity at a moderate-to-vigorous intensity (99.3 vs 49.0; P ¼
.03), and there were no other significant differences between
groups by activity type. Compared with Spanish-speaking
Latinas, English-speaking Latinas reported more minutes
per week of leisure walking at a moderate-to-vigorous in-
tensity (265.8 vs 179.0; P ¼ .04).

DISCUSSION
In a population of urban, Latina breast cancer survivors
participating in a behavioral diet and physical activity inter-
vention trial, greater levels of acculturation to the US at
baseline were significantly associated with higher central
obesity and adherence to low-quality diets. Generally, greater
levels of acculturation were not associated with physical ac-
tivity, with the exception of walking leisure activity, which
was significantly higher among English-speaking Latinas
compared with their Spanish-speaking counterparts, and
other aerobic activity, which was significantly higher among
Latinas with higher vs lower SASH scores.
September 2022 Volume 122 Number 9



Table 1. Baseline sociodemographic characteristics of 167 Latina breast cancer survivors participating in the behavioral ¡Mi Vida Saludable¡ intervention trial in New York
City between July 2016 and October 2018, by levels of acculturation

Variable

SASHa Scoreb Preferred Languagec Place of Birthd Duration of Residencee

Less than
median

Median or
higher Pf value Spanish English Pf value Foreign-born US-born P alue <27 y ‡ 27 y Pf value

No. of participants 74 86 — 149 18 — 125 25 — 48 61 —

Age, y, mean (SD) 58.9 (10.3) 55.0 (9.4) .01 56.7 (10.1) 52.8 (8.7) .11 57.2 (10.1) 50.8 (8.0) 03 53.3 (9.0) 60.4 (9.5) <.001

Race, n (%) .94 .37 6 .24

Black 15 (20.3) 16 (18.6) 32 (21.5) 1 (5.6) 24 (19.2) 6 (24.0) 11 (22.9) 10 (16.4)

White 21 (28.4) 24 (27.9) 41 (27.5) 6 (33.3) 38 (30.4) 7 (28.0) 10 (20.8) 21 (34.4)

Native American 1 (1.4) 3 (3.5) 5 (3.4) 0 (0.0) 3 (2.4) 1 (4.0) 0 (0.0) 3 (4.9)

More than 1 race 35 (47.2) 41 (47.7) 67 (45.0) 11 (61.1) 56 (44.8) 11 (44.0) 25 (52.1) 25 (41.0)

Missingg 2 (2.7) 2 (2.3) 4 (2.6) 0 (0.0) 4 (3.2) 0 (0.0) 2 (4.2) 2 (3.3)

Ethnic background, n (%) <.001 <.001 < 01 .10

Dominican 59 (79.7) 44 (51.2) 106 (71.1) 3 (16.7) 90 (72.0) 6 (24.0) 37 (77.1) 44 (72.1)

Mexican 5 (6.8) 1 (1.2) 6 (4.0) 0 (0.0) 5 (4.0) 1 (4.0) 4 (8.3) 1 (1.6)

Puerto Rican 1 (1.4) 20 (23.3) 10 (6.7) 11 (61.1) 8 (6.4) 12 (48.0) 0 (0.0) 4 (6.6)

Otherh 9 (12.2) 21 (24.4) 27 (18.1) 4 (22.2) 22 (17.6) 6 (24.0) 7 (14.6) 12 (19.7)

Education, n (%) <.001 .09 < 01 .55

Less than high school diploma 34 (46.0) 11 (12.8) 45 (30.2) 1 (5.6) 42 (33.6) 1 (4.0) 18 (37.5) 23 (37.7)

High school diploma/GEDi 18 (24.3) 20 (23.2) 35 (23.5) 5 (27.8) 31 (24.8) 5 (20.0) 8 (16.7) 16 (26.2)

Some college 12 (16.2) 22 (25.6) 34 (22.8) 4 (22.2) 28 (22.4) 5 (20.0) 10 (20.8) 12 (19.7)

College degree or higher 10 (13.5) 33 (38.4) 35 (24.5) 8 (44.4) 24 (19.2) 14 (56.0) 12 (25.0) 10 (16.4)

Employment, n (%) .09 .24 07 .005

Full-time 11 (14.9) 29 (34.1) 35 (23.5) 7 (38.9) 24 (19.4) 13 (52.0) 13 (27.1) 10 (16.4)

Part-time 9 (12.2) 11 (12.9) 22 (14.8) 0 (0.0) 21 (16.9) 0 (0.0) 11 (22.9) 8 (13.1)

Disabled 17 (23.0) 11 (12.9) 27 (18.1) 1 (5.6) 23 (18.6) 3 (12.0) 8 (16.7) 13 (21.3)

Homemaker 10 (13.5) 8 (9.4) 15 (10.1) 3 (16.7) 13 (10.5) 4 (16.0) 8 (16.7) 4 (6.6)

Retired 19 (25.7) 16 (18.8) 33 (22.2) 4 (22.2) 27 (21.8) 4 (16.0) 2 (4.2) 20 (32.8)

Unemployed or student 8 (10.8) 10 (11.8) 16 (10.8) 3 (16.7) 16 (12.9) 1 (4.0) 6 (12.5) 6 (9.8)

Missingj 0 (0.0) 1 (1.2) 1 (0.7) 0 (0.0) 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)

(continued on next page)
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Table 1. Baseline sociodemographic characteristics of 167 Latina breast cancer survivors participating in the behavioral ¡Mi Vida Saludable¡ intervention trial in New York
City between July 2016 and October 2018, by levels of acculturation (continued)

Variable

SASHa Scoreb Preferred Languagec Place of Birthd Duration of Residencee

Less than
median

Median or
higher Pf value Spanish English Pf value Foreign-born US-born Pf value <27 y ‡ 27 y Pf value

Annual income, n (%) <.001 <.001 <.001 .29

$0-$15,000 50 (67.6) 36 (41.9) 86 (57.7) 3 (16.7) 74 (60.2) 5 (20.0) 27 (56.3) 37 (61.7)

$15,001-$30,000 13 (17.6) 17 (19.8) 31 (20.8) 2 (11.1) 26 (21.1) 4 (16.0) 11 (22.9) 14 (23.3)

$30,001-$60,000 9 (12.2) 13 (15.1) 18 (12.1) 4 (22.2) 15 (12.2) 6 (24.0) 8 (16.7) 4 (6.7)

$60,001-$100,000 1 (1.4) 14 (16.3) 10 (6.7) 5 (27.8) 5 (4.1) 8 (32.0) 2 (4.2) 2 (3.3)

More than $100,000 0 (0.0) 5 (5.8) 1 (0.7) 4 (22.2) 3 (2.4) 2 (8.0) 0 (0.0) 3 (5.0)

Missingk 1 (1.4) 1 (1.2) 3 (2.0) 0 (0.0) 2 (1.6) 0 (0.0) 0 (0.0) 1 (1.6)

aSASH ¼ Short Acculturation Scale for Hispanics.
bDetermined using SASH, which has 12 items with 2 subscales assessing 1) participants’ language use (eg, language they speak, think: 5 items) and media preference (eg, language of television programs watched: 3 items); and 2) ethnic social relations
(eg, ethnicity of close friends, visitor: 4 items). Higher scores indicate higher acculturation to US mainstream culture (range, 1-5). The SASH acculturation cohort-specific median score was 1.9 out of 5 maximum points. SASH acculturation score data
were available for 160 of 167 (96%).
cCorresponds to study participants language preference (Spanish or English). Language preference data were available for 167 of 167 (100%).
dCorresponds to study participants place of birth (foreign-born or US-born). Place of birth data were available for 150 of 167 (90%).
eParticipants who reported place of birth other than the United States were also queried for the number of years living in the United States. Of those who were foreign-born (n ¼ 125), data on duration of residence in the United States were available
for 109 of 125 (87%). Duration of US residence cohort-specific median was 27 years. Median value was used to create categories for <27 vs � 27 years.
fP values corresponded to regression models. Regression models adjusted for age, body mass index (when applicable), education (some high school or high school graduate/GED vs some college or higher), and annual household income (� $15,000
vs � $15,001).
gData on race were available for 163 of 167 (98%).
hCorresponds to participants who reported other ethnic background (eg, country of origin, including Argentina, Colombia, Costa Rica, Cuba, Ecuador, El Salvador, Honduras, Nicaragua, Peru, and Spain).
iGED ¼ General Educational Development.
jData on employment status were available for 166 of 167 (99%).
kData on annual income were available for 164 of 167 (98%).
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Figure. Frequency of acculturation status as measured by the Short Acculturation Scale for Hispanics (SASH) score. The SASH has 2
subscales. One subscale (A) assesses participants’ language use via items corresponding to preferred language to read and speak,
used as a child, speak at home, usually think, speak with friends, watch television (TV) and listen to movies, TV, and radio. The other
subscale (B) assesses ethnic social relations via items that query participants’ on whether their close friends are all Latino, more
Latino than non-Latino, approximately one-half are Latino and one-half are non-Latino, or more are non-Latino than Latino or all are
non-Latino, preferred ethnicity for people in social gatherings, preferred ethnicity for people who they visit or who visit them, and
preferred ethnicity for their children’s friends. Panel (A) corresponds to SASH subscale for language use. Data on preferred language
to read and speak and used as a child were available for 167 of 167 (100%); preferred language to speak at home, usually think, and
to speak with friends were available for 166 of 167 (99%); and data on preferred language to watch TV and to listen to movies, TV,
and radio were available for 165 of 167 (99%). Panel B corresponds to SASH subscale for ethnic social relations. Data on close
friends’ ethnicity were available for 166 of 167 (99%); data on preferred ethnicity for people in social gatherings were available for
165 of 167 (99%); data on preferred ethnicity for people who they visit of who visit them were available for 166 of 167 (99%); and
data on preferred ethnicity for their children’s friends were available for 161 of 167 (96%).

RESEARCH

September 2022 Volume 122 Number 9 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1709



Table 2. Baseline clinical characteristics of 167 Latina breast cancer survivors participating in the behavioral ¡Mi Vida Saludable¡ intervention trial in New York City
between July 2016 and October 2018, by levels of acculturationa

Variable

SASHb Scorec Preferred Languaged Place of Birthe Duration of Residencef

Less than
median

Median or
higher P value Spanish English P value

Foreign-
born US-born P value <27 y ‡ 27 y P value

No. of participants 74 86 — 149 18 — 125 25 — 48 61 —

Years since diagnosis, mean (SD) 6.1 (5.1) 5.9 (4.8) .76 6.1 (5.0) 5.3 (4.2) .53 6.2 (5.0) 4.9 (3.9) .23 5.5 (4.0) 6.7 (5.4) .20

Cancer stage, n (%) .33 .81 .81 .55

Atypia/in situ 22 (29.7) 17 (19.8) 38 (25.5) 3 (16.7) 28 (22.4) 6 (24.0) 8 (16.7) 16 (26.2)

I 23 (31.1) 27 (31.4) 45 (30.2) 6 (33.3) 39 (31.2) 8 (32.0) 15 (31.3) 20 (32.8)

II 10 (13.5) 17 (19.8) 27 (18.1) 4 (22.2) 20 (16.0) 6 (24.0) 8 (16.7) 11 (18.0)

III 10 (13.5) 8 (9.3) 15 (10.1) 3 (16.7) 15 (12.0) 2 (8.0) 8 (16.7) 5 (8.2)

Missingg 9 (12.2) 17 (19.8) 24 (16.1) 2 (11.1) 23 (18.4) 3 (12.0) 9 (18.8) 9 (14.8)

Treatment received, n (%)

Breast surgery 73 (98.7) 85 (98.8) 1.00 147 (98.7) 18 (100) 1.00 123 (98.4) 25 (100) 1.00 48 (100) 60 (98.4) 1.00

Chemotherapyh 45 (60.8) 53 (61.6) .40 93 (62.4) 10 (55.6) .19 82 (65.6) 13 (52.0) .24 33 (68.8) 39 (63.9) .42

Endocrine therapyi 31 (41.9) 45 (52.3) .25 69 (46.3) 10 (55.6) .62 55 (44.0) 13 (52.0) .61 15 (31.3) 31 (50.8) .06

Radiation therapyj 50 (67.6) 54 (62.8) .77 95 (63.8) 11 (61.1) .45 83 (66.4) 14 (56.0) .05 33 (68.8) 43 (70.5) .64

aRegression models were used to compare variables by levels of acculturation. All models were adjusted for age, body mass index, education, and annual household income.
bSASH ¼ Short Acculturation Scale for Hispanics.
cDetermined using SASH, which has 12 items with 2 subscales assessing 1) participants’ language use (eg, language they speak, think: 5 items) and media preference (eg, language of television programs watched: 3 items); and 2) ethnic social
relations (eg, ethnicity of close friends, visitor: 4 items). Higher scores indicate higher acculturation to US mainstream culture (range, 1-5). The SASH acculturation cohort-specific median score was 1.9 out of 5 maximum points. SASH acculturation
score data were available for 160 of 167 (96%).
dCorresponds to study participants language preference (Spanish or English). Language preference data were available for 167 of 167 (100%).
eCorresponds to study participants place of birth (foreign-born or US-born). Place of birth data were available for 150 of 167 (90%).
fParticipants who reported place of birth other than the United States were also queried for the number of years living in the United States. Of those who were foreign-born (n ¼ 125), data on duration of residence in the United States were available
for 109 of 125 (87%). Duration of US residence cohort-specific median was 27 years. Median value was used to create categories for <27 vs � 27 years.
gData on cancer stage were available for 141 of 167 (84%).
hData on receiving chemotherapy were available for 165 of 167 (99%).
iData on receiving endocrine therapy were available for 123 of 167 (74%).
jData on receiving radiation therapy were available for 164 of 167 (98%).
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Table 3. Baseline anthropometric measures of 167 Latina breast cancer survivors participating in the behavioral ¡Mi Vida Saludable¡ intervention trial in New York City
between July 2016 and October 2018, by levels of acculturationa

Variable

SASHb Scorec Preferred Languaged Place of Birthe Duration of Residencef

Less than
median

Median or
higher P value Spanish English P value

Foreign-
born US-born P value <27 y ‡ 27 y P value

No. of participants 74 86 — 149 18 — 123 25 — 48 61 —

BMI,g mean (SD) 30.1 (4.6) 28.9 (4.9) <.001 29.3 (4.7) 29.4 (5.5) <.001 29.2 (4.8) 29.6 (4.8) <.001 29.2 (5.1) 28.5 (3.8) <.001

BMI categories,h n % .97 .33 .06 .60

Healthy 12 (16.2) 14 (17.1) 26 (17.9) 2 (11.1) 25 (20.5) 1 (4.2) 12 (25.5) 12 (20.0)

Overweight 33 (44.6) 35 (42.7) 62 (42.8) 11 (61.1) 49 (40.2) 15 (62.5) 16 (34.0) 26 (43.3)

Obese 29 (39.2) 33 (40.2) 57 (39.3) 5 (27.8) 48 (39.3) 8 (33.3) 19 (40.4) 22 (36.7)

Waist circumference,
cm, mean (SD)

96.7 (10.2) 97.6 (14.9) .81 96.1 (11.3) 102.6 (20.5) .01 95.8 (11.1) 102.3 (18.5) .004 95.2 (10.2) 94.5 (10.3) .69

Hip circumference, cm,
mean (SD)

106.1 (10.3) 108.4 (13.5) .22 106.9 (11.2) 108.8 (16.9) .23 105.9 (10.6) 111.0 (17.0) .02 106.8 (9.3) 103.7 (9.8) .02

Waist to hip ratio,
mean (SD)

0.9 (0.1) 0.9 (0.1) .29 0.9 (0.1) 0.9 (0.1) .11 0.9 (0.1) 0.9 (0.1) .32 0.9 (0.1) 0.9 (0.1) .16

aRegression models were adjusted by age, education, and income.
bSASH ¼ Short Acculturation Scale for Hispanics.
cDetermined using SASH, which has 12 items with 2 subscales assessing 1) participants’ language use (eg, language they speak, think: 5 items) and media preference (eg, language of television programs watched: 3 items); and 2) ethnic social
relations (e.g., ethnicity of close friends, visitor: 4 items). Higher scores indicate higher acculturation to US mainstream culture (range, 1-5). The SASH acculturation cohort-specific median score was 1.9 out of 5 maximum points. SASH acculturation
score data were available for 160 of 167 (96%).
dCorresponds to study participants language preference (Spanish or English). Language preference data were available for 167 of 167 (100%).
eCorresponds to study participants place of birth (foreign-born or US-born). Place of birth data were available for 150 of 167 (90%).
fParticipants who reported place of birth other than the United States were also queried for the number of years living in the United States. Of those who were foreign-born (n ¼ 125), data on duration of residence in the United States were available
for 109 of 125 (87%). Duration of US residence cohort-specific median was 27 years. Median value was used to create categories for <27 vs � 27 years.
gBMI ¼ body mass index; calculated as kg/m2.
hBMI categories: healthy ¼ BMI � 18.5-24.9; overweight ¼ BMI � 25.0-29.9; obese ¼ BMI � 30.0.

R
ESEA

R
C
H

Septem
ber

2022
Volum

e
122

N
um

ber
9

JO
U
R
N
A
L
O
F
TH

E
A
C
A
D
EM

Y
O
F
N
U
TR

ITIO
N

A
N
D

D
IETETIC

S
1711



Table 4. Baseline diet quality of 167 Latina breast cancer survivors participating in the behavioral ¡Mi Vida Saludable¡ intervention trial in New York City between July 2016
and October 2018, by levels of acculturationa

Variable

SASHb Scorec Preferred Languaged Place of Birthe Duration of Residencef

Less than
median

Median or
higher P value Spanish English P value

Foreign-
born US-born P value <27 y ‡ 27 y P value

No of participants 74 86 — 149 18 — 125 25 — 48 61 —

HEI-2015g total score (0-100),
mean (SD)

72.5 (11.3) 67.8 (13.0) .009 71.5 (11.4) 57.3 (14.8) <.001 72.0 (11.3) 56.8 (11.9) <.001 73.4 (10.0) 72.0 (11.2) .64

HEI-2015 components, mean
(SD)

Adequacy components

Total fruits (0-5) 4.1 (1.3) 3.6 (1.7) .04 4.1 (1.3) 2.0 (1.9) <.001 4.2 (1.3) 2.5 (2.0) <.001 4.5 (1.1) 3.9 (1.3) .03

Whole fruits (0-5) 4.6 (1.0) 4.1 (1.7) .02 4.6 (1.1) 2.4 (2.1) <.001 4.6 (1.1) 2.9 (2.2) <.001 4.8 (0.9) 4.6 (1.2) .53

Total vegetables (0-5) 4.1 (1.3) 3.7 (1.3) .05 3.9 (1.3) 3.4 (1.5) .11 4.0 (1.3) 3.1 (1.4) <.001 3.9 (1.2) 4.1 (1.4) .36

Greens and beans (0-5) 3.9 (1.6) 3.3 (1.8) .05 3.7 (1.7) 3.1 (1.9) .19 3.7 (1.6) 2.9 (1.9) .01 4.2 (1.3) 3.5 (1.7) .03

Whole grains (0-10) 5.0 (3.8) 4.7 (3.8) .63 4.8 (3.8) 5.0 (3.4) .90 4.6 (3.9) 4.5 (3.5) .75 4.7 (3.9) 4.9 (3.7) .67

Dairy (0-10) 5.3 (3.2) 5.7 (3.0) .52 5.4 (3.2) 6.2 (2.4) .26 5.5 (3.2) 5.7 (2.5) 1.00 5.4 (2.9) 6.1 (3.2) .22

Total protein foods (0-5) 4.8 (0.6) 4.7 (0.7) .72 4.7 (0.8) 4.7 (0.9) .99 4.7 (0.8) 4.7 (0.8) .85 4.8 (0.7) 4.6 (1.0) .42

Seafood and plant proteins
(0-5)

4.1 (1.6) 3.8 (1.8) .28 4.0 (1.6) 2.6 (2.0) <.001 4.1 (1.6) 2.6 (2.1) <.001 4.3 (1.5) 3.9 (1.7) .32

Fatty acids (0-10) 6.4 (3.5) 6.1 (3.4) .53 6.4 (3.4) 4.7 (3.1) .05 6.4 (3.3) 4.5 (3.4) .02 6.5 (3.5) 6.4 (3.2) .91

Moderation components

Refined grains (0-10) 8.2 (2.5) 7.4 (2.9) .04 8.0 (2.6) 6.3 (3.5) .01 8.1 (2.6) 6.3 (3.0) .003 8.1 (2.4) 8.2 (2.6) .75

Sodium (0-5) 4.8 (3.4) 5.0 (3.2) .79 5.0 (3.4) 4.1 (3.1) .30 4.9 (3.3) 4.3 (3.2) .64 4.6 (3.1) 5.0 (3.4) .43

Added sugars (0-10) 9.0 (1.9) 7.9 (2.5) .002 8.6 (2.1) 6.6 (3.3) <.001 8.7 (2.2) 7.4 (2.4) .02 9.5 (1.1) 8.3 (2.5) .01

Saturated fats (0-10) 8.4 (2.5) 7.8 (2.6) .18 8.3 (2.6) 6.3 (2.3) .002 8.4 (2.4) 5.6 (2.6) <.001 8.4 (2.3) 8.5 (2.3) .98

aDiet quality was derived using the Healthy Eating Index-2015 scoring criteria. Regression models adjusted by age, body mass index (calculated as kg/m2), education, and income were used to compare variables by levels of acculturation.
bSASH ¼ Short Acculturation Scale for Hispanics.
cDetermined using SASH, which has 12 items with 2 subscales assessing 1) participants’ language use (eg, language they speak, think: 5 items) and media preference (eg, language of television programs watched: 3 items); and 2) ethnic social
relations (eg, ethnicity of close friends, visitor: 4 items). Higher scores indicate higher acculturation to US mainstream culture (range 1 to 5). The SASH acculturation cohort-specific median score was 1.9 out of 5 maximum points. SASH acculturation
score data were available for 160 of 167 (96%).
dCorresponds to study participants language preference (Spanish or English). Language preference data were available for 167 of 167 (100%).
eCorresponds to study participants place of birth (foreign-born or US-born). Place of birth data were available for 150 of 167 (90%).
fParticipants who reported place of birth other than the United States were additionally queried for the number of years living in the United States. Of those who were foreign-born (n ¼ 125), data on duration of residence in the United States were
available for 109 of 125 (87%). Duration of US residence cohort-specific median was 27 years. Median value was used to create categories for <27 vs � 27 years.
gHEI-2015 ¼ Healthy Eating Index 2015.
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Table 5. Baseline moderate-to-vigorous physical activity of 167 Latina breast cancer survivors participating in the behavioral ¡Mi Vida Saludable¡ intervention trial in New
York City between July 2016 and October 2018, by levels of acculturationa

Variable

SASHb Scorec Preferred Languaged Place of Birthe Duration of Residencef

Less than
median

Median or
higher P value Spanish English P value Foreign-born US-born P value <27 years ‡ 27 y P value

No. of participants 74 86 — 149 18 — 125 25 — 48 61 —

Total MVPA,g min/wk,
mean (SD)

404 (438) 354 (292) .35 358 (366) 453 (328) .30 376 (397) 375 (254) .92 423 (449) 363 (372) .47

Moderate intensity 339 (377) 282 (269) .36 293 (320) 362 (313) .42 308 (347) 304 (232) .98 312 (362) 317 (351) .91

Hard intensity 56.8 (173) 56.6 (140) .91 51.2 (155) 83.6 (130) .39 57.0 (167) 66.0 (118) .99 100 (254) 32.1 (64.9) .05

Very hard intensity 8.2 (28.5) 15.2 (48.2) .25 13.9 (47.1) 7.8 (28.4) .65 11.2 (36.3) 4.8 (13.3) .35 11.2 (33.2) 14.3 (42.5) .68

Activity type, min/wk,
mean (SD)

Leisure activities

Walking 188 (168) 196 (176) .97 179 (153) 266 (267) .04 177 (165) 261 (205) .06 193 (166) 158 (139) .29

Household chores 98.8 (252) 67.9 (121) .36 72.8 (191) 130 (173) .27 86.5 (210) 78.6 (125) .94 105 (301) 76.4 (128) .53

Dancing (including
Zumba)

5.3 (25.5) 4.0 (20.8) .76 3.4 (18.7) 14.4 (42.9) .06 3.4 (20.0) 10.4 (36.7) .16 2.7 (14.1) 3.4 (23.3) .85

Cycling 1.3 (7.5) 1.6 (7.5) .91 1.3 (7.1) 2.2 (9.4) .50 1.5 (7.7) 1.6 (8.0) .76 2.3 (8.5) 1.3 (8.1) .92

Other aerobich 49.0 (51.8) 99.3 (62.8) .03 86.2 (84.2) 93.8 (9.5) .64 72.1 (55.0) 85.0 (43.3) .56 68.3 (48.5) 80.9 (60.7) .73

Other muscle
strengtheningi

24.3 (20.1) 63.2 (79.9) .25 36.3 (30.0) 107 (155) .09 52.9 (73.4) 25.0 (7.1) .62 36.3 (33.5) 59.4 (90.2) .66

Work-related activities

Walking 17.0 (84.0) 26.7 (152) .59 23.9 (129) 0.0 (0.0) .42 19.7 (130) 7.6 (36.0) .67 6.3 (28.6) 35.4 (184) .28

Household chores 25.4 (146) 22.8 (135) .95 25.8 (145) 0.0 (0.0) .44 29.3 (157) 0.0 (0.0) .36 22.1 (147) 42.6 (183) .53

aPhysical activity was assessed via interviewer administered and validated 7-day physical activity recall during in-person clinic visits. Regression models were adjusted by age, body mass index (calculated as kg/m2), education, and income.
bSASH ¼ Short Acculturation Scale for Hispanics.
cDetermined using SASH, which has 12 items with 2 subscales assessing 1) participants’ language use (eg, language they speak, think: 5 items) and media preference (eg, language of television programs watched: 3 items); and 2) ethnic social
relations (eg, ethnicity of close friends, visitor: 4 items). Higher scores indicate higher acculturation to US mainstream culture (range, 1-5). The SASH acculturation cohort-specific median score was 1.9 out of 5 maximum points. SASH acculturation
score data were available for 160 of 167 (96%).
dCorresponds to study participants language preference (Spanish or English). Language preference data were available for 167 of 167 (100%).
eCorresponds to study participants place of birth (foreign-born or US-born). Place of birth data were available for 150 of 167 (90%).
fParticipants who reported place of birth other than the United States were also queried for the number of years living in the United States. Of those who were foreign-born (n ¼ 125), data on duration of residence in the United States were available
for 109 of 125 (87%). Duration of US residence cohort-specific median was 27 years. Median value was used to create categories for <27 vs � 27 years.
gMVPA ¼ moderate-to-vigorous physical activity.
hRunning, swimming, hiking, jogging, doing jumping jacks, pushing a grocery cart around a store, gardening that causes heart rate to increase, water aerobics, swimming laps, skateboarding, rollerblading, jumping rope, tennis, soccer, hockey, and
basketball.
iPushups and situps, lifting weights, climbing stairs, and digging in the garden.
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RESEARCH
Despite the potential role of acculturation on Latina breast
cancer survivors’ risk of obesity and obesity-related comor-
bidities, no study to our knowledge has evaluated the re-
lationships between acculturation and obesity-related
modifiable risk factors in this group. In the absence of pre-
vious research evaluating these associations, this study is the
first step in helping fill this gap. The results are consistent
with previous studies in Latino populations without cancer in
which greater levels of acculturation are generally associated
with higher rates of obesity and poor-quality diets, whereas
the role of acculturation on physical activity is not as
consistent.10-14,17-20

In this study, greater levels of acculturationwere associated
with higher central obesity, but these associations differed
when further examining foreign-born Latinas by duration of
US residence. Among foreign-born Latinas, longer duration of
residence (�27 years vs <27 years) was associated with
lower BMI. In contrast, and among a similar but larger sample
of 787 Latina women without cancer residing in New York
City, longer duration of residence was associated with higher
BMI and waist circumference.45 The discrepancies in the re-
sults could be a function of sample size differences, but also
demonstrate the heterogeneity in the Latino population and
the complexity of the relationships between acculturation
and lifestyle behaviors. Further exploration in larger samples
of Latina breast cancer survivors is needed to better tease out
the degree of influence of place of birth, duration of resi-
dence, and timing of migration on lifestyle behaviors and,
thereby, on cancer outcomes.
In line with the study hypothesis, greater levels of accul-

turation were associated with low-quality diets. The results
are consistent with those of others and the premise that
acculturation to US diets, usually energy-dense and low in
fruits and vegetables, can further contribute to the dis-
proportionally high rates of obesity and obesity-related
comorbidities among Latinos.12,20,46

Although acculturation to US diets may play an important
role in the high rates of obesity among Latinos,12-14 reports by
others suggest that greater acculturation is also associated
with higher levels of physical activity.18,47-49 In this study,
there was no association between levels of acculturation and
total minutes per week of moderate-to-vigorous physical
activity as reported, which may indicate that objective mea-
sures of activity may be needed to better capture this rela-
tionship, as demonstrated by others in Latino populations
without cancer.18 It was found that, compared with Spanish-
speaking Latinas, English-speaking Latinas reported engaging
in more minutes per week of leisure walking at a moderate-
to-vigorous intensity. Of note, walking has been reported
previously as a preferred type of activity for many Latinos.50

Although the results were adjusted by age and socioeconomic
status, generational differences may contribute to a decline
in physical activity among older Latinas, as reported in
non-Latino populations,51 all of which deserve further
exploration.
There are multiple strengths of this study. First, several

measures of acculturation status were used, including a
validated acculturation scale (SASH)23 and 3 different proxies
of acculturation (preferred language, place of birth, and
duration of US residence).52 Associations between greater
levels of acculturation with higher central obesity and
adherence to low-quality diets were generally in agreement
1714 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
between acculturation measures, with the exception of
duration of residence among foreign-born Latinas, which
could be a function of small sample size. Second, the results
are based on a sample of Latinas with diverse ethnic back-
grounds and high prevalence of overweight or obesity (81%),
which is consistent with rates of overweight or obesity
among Latinas in the United States (80%), thereby supporting
generalization of the results.5,53-55

There are important limitations of this study. First, this is a
cross-sectional study and, as such, results cannot infer cau-
sality. The use of self-reported dietary intake and physical
activity is a limitation on its own, as they are subject to
random and systematic errors that may have led to imprecise
estimates.56,57 Another important aspect to consider is that
Latinas in this study had low acculturation status, as
measured by the SASH score (1.9 out of 5 maximum points)
and had low socioeconomic status (more than one-half had a
high school diploma or less and annual household incomes of
�$15,000). Larger observational studies among Latina breast
cancer survivors with a more diverse distribution in accul-
turation and socioeconomic status are needed to tease out
whether acculturation plays an important role in adhering to
national recommendations for healthy weight, high-quality
diets, physical activity, and subsequent risk of breast cancer
recurrence.58
CONCLUSIONS
This study showed that among Latina breast cancer survivors,
greater levels of acculturation to the United States were
significantly associated with higher central obesity and
adherence to low-quality diets. Future tailored behavioral
weight loss trials among Latina breast cancer survivors could
focus on increasing physical activity among less acculturated
Latinas, while focusing on improving diet quality among
more acculturated Latinas.
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ABSTRACT
Background Cancer survivors, especially those who are older, experience increased
comorbidity and risk for secondary cancers. A varied dietary pattern rich in vegetables
and fruits (V&F) is recommended to improve health. However, V&F intake can differ by
rural vs urban status.
Objective Our objective was to assess the differences in V&F consumption among older
cancer survivors residing in urban- and rural-designated areas, and to explore whether
differences exist according to sex, race, and cancer type.
Design This was a cross-sectional secondary analysis.
Participants/setting Screening data from the Harvest for Health trial were obtained
from October 2016 to November 2019 on 731 Medicare-eligible cancer survivors across
Alabama.
Main outcome measures V&F consumption was measured by 2 items from the Na-
tional Cancer Institute’s dietary screener Eating at America’s Table. Rural and urban
residence was coded at the ZIP-code level using the US Department of Agriculture’s
Rural-Urban Commuting Area coding schema using 5 different classifications (A through
E). Sex, race, and cancer type were dichotomized as male or female, non-Hispanic White
or non-Hispanic Black, and gastrointestinal or other cancers, respectively.
Statistical analyses Kruskal-Wallis rank sum and post-hoc tests were performed to
detect differences in V&F consumption (a < .05).
Results The study sample was largely female (66.2%) and non-Hispanic White (78.1%);
mean age was 70 years and reported average V&F intake was 1.47 cups/d. V&F con-
sumption of cancer survivors living in isolated, small, rural towns was roughly one-half
that consumed by survivors living elsewhere; thus, statistically significant ruraleurban
differences were found in models that accounted specifically for this subgroup, that is,
Rural-Urban Commuting Area categorizations A and E. V&F consumption also was
significantly lower in non-Hispanic Black (1.32 � 0.98 cups/d) than non-Hispanic White
survivors (1.51 � 1.10 cups/d) (P ¼ .0456); however, no statistically significant differ-
ences were detected by sex and cancer type.
Conclusions Analyses that address the variability within rural-designated areas are
important in future studies. Moreover, a greater understanding is needed of factors that
adversely affect V&F consumption of those most vulnerable, that is, older, non-Hispanic
Black cancer survivors, as well as those living in isolated, small, rural towns to best
target future interventions.
Trial registration ClinicalTrials.gov: NCT02985411.
J Acad Nutr Diet. 2022;122(9):1717-1724.
A
MONG CANCER SURVIVORS, LIFESTYLE BEHAVIORS,
including diet, have been implicated in health out-
comes, such as cardiovascular disease, type 2 dia-
betes, and secondary cancers.1 Vegetables and fruits

(V&F) are rich sources of vitamins, minerals, phytochemicals,
fiber, and antioxidants that are associated with reduced risk
for certain cancers2,3 and longer disease-free survival.2,4 The
2020 American Cancer Society Dietary Guidelines recom-
mend a total of 4 to 5 cups/d of V&F and consider V&F an
essential component of the dietary pattern to promote
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RESEARCH SNAPSHOT

Research Question: Does vegetable and fruit consumption
differ among older cancer survivors residing in urban- and
rural-designated areas?

Key Findings: In this cross-sectional study that included self-
reported data from 731 older cancer survivors screened for
the Harvest for Health trial, significant differences in
vegetable and fruit consumption were observed for models
that took isolated small rural towns into account (ie, Rural-
Urban Commuting Area categorizations A and E). Older
cancer survivors living in isolated small rural towns had
roughly one-half the vegetable and fruit consumption of
those living in other rural and urban areas.

RESEARCH
overall health among cancer surviviors.2 However, adherence
to these guidelines is poor, and even worse in specific sub-
populations, including non-Hispanic Black (NHB), male, rural
Americans; moreover, poor intakes are also reported for
cancer survivors.5-9

There are roughly 17 million cancer survivors in the United
States, and more than 10 million are 65 years or older.10,11

Cancer survivors often experience cancer recurrence,
reduced quality of life, and are at a higher risk for cardio-
vascular disease, diabetes, second cancers, and functional
decline.12-15 These medical conditions are more common in
elderly cancer survivors, and are exacerbated by the accel-
erated aging associated with cancer and treatment.16 Poor
lifestyle behaviors are associated with an increased risk of
cancer recurrence, second malignancies, and other chronic
diseases.17,18 Older cancer survivors with gastrointestinal (GI)
cancers might experience intolerance toward high-fiber
foods due to cancer and oncologic treatments.19,20 In addi-
tion, older cancer survivors living in rural areas, particularly
those who are NHB, may be at greater cancer risk due to a
confluence of factors, such as shorter survival, fewer financial
resources, and poorer quality of life.21-26

Cancer mortality and incidence rates are decreasing
nationwide, but this trend is not observed in rural areas.
where the cancer burden remains high.26 Cancer-related
health outcomes are even worse in the Deep South—a 5-
state region that includes Alabama, Georgia, Louisiana, Mis-
sissippi, and South Carolina.27 This area is largely rural and is
composed of a large proportion of individuals who identify as
NHB.28,29 The Southern dietary pattern, common in rural NHB
households is characterized by lower amounts of V&F.30 Due
to health disparities and reduced health equity in rural areas
in the Deep South, survivors in these areas have a higher risk
of recurrence.31 Rural survivors also report greater cancer
sequelae, such as psychological distress and higher rates of
health-related unemployment, compared with urban coun-
terparts.32 These health-related differences, combined with
higher rates of poverty and lack of access to healthier foods,
accentuate the differences among rural-dwelling survivors
compared with those in urban settings.31-33

Improved understanding of differences in dietary intake
between rural and urban older cancer survivors is needed to
target interventions to improve survival and reduce cancer
recurrence and development of new primary cancers.
Therefore, the purpose of this study was to assess differences
in V&F consumption among older cancer survivors residing in
urban- and rural-designated areas, and explore whether
differences also exist by race, sex, and cancer type. The un-
derlying hypothesis is that older cancer survivors residing in
rural-designated areas will report lower V&F intake
compared with urban survivors. Furthermore, NHB, male,
and survivors with GI cancers will report lower consumption
of V&F compared with survivors of other cancers and those
who are non-Hispanic White (NHW) and female.

METHODS
Study Design and Participants
This secondary analysis uses screening data obtained between
October 2016 and November 2019 from an ongoing study,
Harvest forHealth, aNational Cancer Institute (NCI)-supported
randomized controlled trial designed to assess the impact of a
1718 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
home-based vegetable gardening intervention on health be-
haviors among older cancer survivors across Alabama.
Methods of the Harvest for Health pilot trial have been pub-
lished previously and the trial is registered through the Na-
tional Institutes of Health (ClinicalTrials.gov: NCT02985411).34

Harvest for Health collaborates with the Alabama Statewide
Cancer Registry, the University of Alabama at Birmingham
Registry, I2B2 registries within University of Alabama at Bir-
mingham, and previously established physician referral net-
works to identify and recruit cancer survivors across Alabama.
Survivors who were Medicare-eligible and diagnosed with a
cancer that has a 5-year survival rate of �60% (ie, bladder;
breast [female only due to rare prevalence of male breast
cancer; localized and regional, stage 0 to IIIa]; cervix [localized,
stage I/II]; colorectal [localized, stage I/II]; corpus, uterus, and
endometrial [localized, stage I/II]; gastric cardia [localized,
stage 0 to 1A]; Hodgkin lymphoma [nonmetastatic]; non-
Hodgkin lymphoma [nonmetastatic]; kidney and renal pelvis
[localized, stage I/II]; larynx [localized, stage 0 to II]; leukemia;
melanoma [localized and regional, stage 0 to II]; multiple
myeloma [early stage]; oral cavity and pharynx [localized and
regional, stage 0 to III]; ovary [localized and regional, stage I to
IIa]; prostate [localized and regional, stage I to III]; soft-tissue
sarcoma [localized and regional, stage I to III]; squamous and
basal cell carcinoma [localized and regional, stage 0 to II];
testis; and thyroid cancer [localized and regional, stage I to III])
were selected for contact. Recruitment for Harvest for Health
was conducted through a mailed solicitation, and participants
were contacted and screened by telephone. Screening data
from731 cancer survivorswere used for this investigation. The
University of Alabama at Birmingham Institutional Review
Board approved this study (IRB #160328009) and all partici-
pants provided verbal consent.
Measures
Data on address and ZIP code, primary cancer site, race, age,
and sex were provided directly from cancer registries for
roughly 78% of cancer survivors; for self-referred cases,
which constituted approximately 22% of the sample, these
data were ascertained using a verification form that was
faxed to the survivor’s oncologist after study staff obtained
permission from the survivor, as well as their signed HIPAA
(Health Insurance Portability and Accountability Act) release.
The medical record served as the source document for
September 2022 Volume 122 Number 9



Table 1. Cancer-type and demographic sample
characteristics of 731 cancer survivors who were screened
for the Harvest for Health trial across Alabama from October
2016 to November 2019 and provided vegetable and fruit
intake information for this cross-sectional analysis

Variable Data

Age, y, mean � SDa (range) 70.0 � 6.4 (55-96)

Vegetable and fruit,
cups/d, mean � SD (range)

1.47 � 1.08 (0-7.5)

Sex, n (%)

Female 484 (66.2)

Male 247 (33.8)

Race, n (%)

Non-Hispanic Black 160 (21.9)

Non-Hispanic White 571 (78.1)

Cancer type, n (%)

Gastrointestinal cancersb 86 (11.8)

Other cancers 645 (88.2)

aSD ¼ standard deviation.
bIncludes cancer sites at the buccal mucosa, cecum, colorectum, duodenum, epiglottis,
esophagus, glottis, ileum, liver, oral cavity or pharynx, palatine tonsils, rectum, retro-
peritoneum, small intestine, stomach, subglottis, throat, and tongue.

RESEARCH
demographic and clinical information. All participants in this
analysis reported V&F consumption as assessed by 2 items
adapted from the NCI’s dietary screener Eating at America’s
Table (EATS), an instrument that was validated previously
using more in-depth dietary recalls.35 During the screening
process, the following 2 questions were asked: “On average,
how many cups of RAW green leafy vegetables (lettuce, green
salad) do you eat per day (anchors: <1 cup; 1 to 13/4 cups; 2
to 23/4 cups; 3 to 33/4 cups; 4 to 43/4 cups; or �5 cups/day)?”
and “On average, how many cups of OTHER fruits and vege-
tables do you eat per day (do not include lettuce, potatoes,
fruit juices, dried beans) (anchors: <1/2 cup; 1/2 to 3/4 cups; 1
to 11/4 cups; 11/2 to 13/4 cups; 2 to 21/4 cups; or �21/2 cups or
more)?” To quantify average daily consumption of V&F, this
study used the lowest amount in each response category (for
responses of <1 cup or <1/2 cup, a value of 0 was used) for
each item, and then summed them together to create a single
value for V&F intake. Primary cancer site was used to identify
cancer type and was dichotomized as GI cancers and other
cancers. GI cancers included cancer sites at the buccal mu-
cosa, cecum, colorectum, duodenum, epiglottis, esophagus,
glottis, ileum, liver, oral cavity and pharynx, palatine tonsils,
rectum, retroperitoneum, small intestine, stomach, sub-
glottis, throat, and tongue. Race was defined as NHB and
NHW; other racial and ethnic groups were not explored due
to negligible counts (eg, Hispanic, Asian, and other racial and
ethnic minority groups totaled <1%). Sex was dichotomized
as male vs female due to absence of reporting of other sex-
specific categories. Rural or urban residence was identified
through the use of Rural-Urban Commuting Area (RUCA)
codes, version 2.0, a Census tractebased classification
scheme that uses the Bureau of Census urbanized area and
urban cluster definitions and work commuting data to classify
ZIP codes within the United States.36,37

Rural and Urban Coding and Stratification
To investigate the relationship between V&F consumption
and rural-urban residence, stratification was defined in 5
different ways using the US Department of Agriculture’s
RUCA codes.37 Definitions and classifications of primary and
secondary RUCA codes were specified at ZIP-code level.37 The
RUCA, version 2.0, package was used in concert with R soft-
ware (version R, version 4.0.4; The R Project for Statistical
Commuting) to assign RUCA based on the US Department of
Agriculture and the University of Washington’s Rural Health
Research Center suggested coding schemes.38 Data were
transferred to an SAS dataset (version 9.4, SAS Institute), and
RUCA number-designations were coded by “urban,” “rural,”
“large rural city/town,” “small rural town,” and “isolated
small rural town” to correspond to RUCA residency categories
to facilitate the exploration of different methods of oper-
ationalizing geographic residence.39 Five different categori-
zations (A through E) of urban- and rural-designated areas
were constructed, based on the US Department of Agriculture
and the University of Washington’s Rural Health Research
Center suggested coding schemes.36

Statistical Analysis
All statistical analyses were performed in SAS.39 Normality of
V&F intake was assessed descriptively (mean) and using the
KolmogoroveSmirnov test. The Brown and Forsythe test was
September 2022 Volume 122 Number 9 JO
used to determine the homogeneity in variance assumption,
determined by the value of Prob > F < .05. V&F consumption
was measured as a non-normally distributed continuous
dependent variable between independent categorical vari-
ables (urban, rural, large rural city/town, small rural town,
and isolated small rural town). The Kruskal-Wallis rank sum
test was used to determine differences in V&F consumption
according to residential categorizations A through E, respec-
tively, and dichotomized variables of race (NHB vs NHW), sex
(male vs female), and cancer type (GI cancers vs other can-
cers). Post-hoc tests were used to identify differences be-
tween groups for each rural and urban categorization. To
estimate the power within the sample, a power calculation
was performed for 731 cancer survivors using the mean
values of 1.485, 1.395, 1.541, and 0.75, based on categorization
A, under the assumption of a common standard deviation of
0.904. These inputs provided a power of 0.74 with an a value
of .05.

RESULTS
Sample characteristics are presented in Table 1. Mean age of
survivors was approximately 70 years, and their average daily
V&F intake was 1.5 cups. Most of the sample was female,
NHW, and survivors of non-GI cancers. Table 2 presents the
results of V&F consumption by urban- vs rural-designated
areas using residency categorizations. Significant differences
in V&F consumption were observed for categorizations A and
E. Post-hoc analysis revealed that significant differences in
V&F consumption were seen in models A and E, which took
isolated small rural towns into account, as shown in Table 3
(available at www.jandonline.org). However, no significant
differences in V&F consumption between urban-and rural-
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1719
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Table 2. Vegetable and fruit consumption of 731 older cancer survivors screened for the Harvest for Health trial across Alabama
between October 2016 to November 2019 by rural-urban statusa using various classificationsb

Categorization Residency, n (%)
Cups of V&F,c

meanc – SDd c2 P value

Ae 8.3124 .0400

Urban, 618 (84.5) 1.49 � 1.09
Large rural city/town, 62 (8.5) 1.40 � 0.93
Small rural town, 37 (5.1) 1.54 � 1.12
Isolated rural town, 14 (1.9) 0.75 � 0.47

Bf 1.4253 .4903

Urban, 618 (84.5) 1.49 � 1.09
Large rural city/town, 62 (8.5) 1.40 � 0.93
Small and isolated rural town, 51 (7.0) 1.32 � 1.04

Cg 0.9063 .3411

Urban, 618 (84.5) 1.49 � 1.09
Rural, 113 (15.5) 1.36 � 0.98

Dh 1.8089 .1786

Urban, 610 (83.5) 1.49 � 1.09
Rural, 121 (16.6) 1.34 � 0.98

Ei 8.8775 .0310

Urban, 610 (83.5) 1.49 � 1.09
Large rural city/town, 70 (9.6) 1.35 � 0.93
Small rural town, 37 (5.1) 1.54 � 1.12
Isolated rural town, 14 (1.9) 0.75 � 0.47

aUniversity of Washington’s Rural Health Research Center’s classifications of the US Department of Agriculture’s Rural and Urban Commuting Area (RUCA) codes.
bTable represents the results of the KruskaleWallis rank sum test to determine differences in V&F consumption according to residential categorizations A through E.
cV&F ¼ vegetable and fruit.
dSD ¼ standard deviation.
eCategorization A consists of the following 4 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1), large rural city/town (RUCA 4.0, 4.2, 5.0, 5.2, 6.0, and 6.1), small rural town
(RUCA 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, and 9.2), and isolated small rural town (RUCA 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6).
fCategorization B consists of the following 3 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1), large rural city/town (RUCA 4.0, 4.2, 5.0, 5.2, 6.0, and 6.1), small and isolated
small rural town (7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2, 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6).
gCategorization C consist of the following 2 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1) and rural (RUCA 4.0, 4.2, 5.0, 5.2, 6.0, 6.1, 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0,
9.1, 9.2, 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6).
hCategorization D consists of the following 2 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 4.1, 5.1, 7.1, 8.1, and 10.1) and rural (3.0, 4.0, 4.2, 5.0, 5.2, 6.0, 6.1, 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1,
9.2, 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6).
iCategorization E consists of the following 4 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 4.1, 5.1, 7.1, 8.1, and 10.1), large rural city/town (RUCA 3.0, 4.0, 4.2, 5.0, 5.2, 6.0, 6.1, 7.2, 8.2, and 10.2), small
rural town (RUCA 7.0, 7.3, 7.4, 8.0, 8.3, 8.4, 9.0, 9.1, 9.2, and 10.3), and isolated small rural town (RUCA 10.0, 10.4, 10.5, and 10.6).
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designated areas were seen for categorizations B through D.
Table 4 presents data on V&F consumption by race, sex, and
cancer type. Compared with NHW survivors, NHB reported
significantly lower V&F consumption; no significant differ-
ences were detected for subgroups defined by sex and cancer
type. Additional analyses within residency groups also were
unable to detect differences by sex, age, or cancer type, but
found that survivors residing in isolated small rural towns
were significantly more likely to be NHW than NHB (Table 5;
available at www.jandonline.org).
DISCUSSION
This report is one of the few to describe V&F intake among
older cancer survivors in the Deep South—one of the most
vulnerable and underrepresented populations.10,40 Findings
1720 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
show average daily intakes of roughly 1.5 cups, compared
with the 4 to 5 cups endorsed by the American Cancer So-
ciety.2 The results of this study partially support the hy-
pothesis that cancer survivors residing in rural areas have
lower V&F intakes than those in urban areas. Results suggest
that survivors residing in isolated, small, rural towns report a
daily intake of V&Fs that is roughly one-half that of survivors
living elsewhere. This report is unique because of its in-depth
analysis using a variety of RUCA classifications to operation-
alize rural status.
There is limited research regarding dietary intake differ-

ences by geographic residency that uses different RUCA cat-
egorizations to explore urban and rural residency. Although it
is acknowledged that the definitions of rural and urban
change over time and vary depending on defined use for
measuring urbanization in American geographic subunits,
September 2022 Volume 122 Number 9
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Table 4. Comparison of vegetable and fruit consumption
by race, sex, and cancer type among 731 older cancer
survivors screened for the Harvest for Health trial across
Alabama from October 2016 to November 2019a

Characteristic n (%)
Cups of V&F,b

mean – SDc c2 P value

Race 3.9958 .0456

Non-Hispanic
Black

160 (21.9) 1.32 � 0.98

Non-Hispanic
White

571 (78.1) 1.51 � 1.10

Sex 0.9972 3180

Male 247 (33.8) 1.41 � 1.06

Female 484 (66.2) 1.50 � 1.08

Cancer type 1.3844 .2394

Gastrointestinal
cancersd

86 (11.8) 1.58 � 1.05

Other cancers 645 (88.2) 1.45 � 1.08

aTable represents the results of the KruskaleWallis rank sum test to determine differ-
ences in V&F consumption according to race, sex, and cancer type.
bV&F ¼ vegetable and fruit.
cSD ¼ standard deviation.
dIncludes cancer sites at the buccal mucosa, cecum, colorectum, duodenum, epiglottis,
esophagus, glottis, ileum, liver, oral cavity/pharynx, palatine tonsils, rectum, retro-
peritoneum, small intestine, stomach, subglottis, throat, and tongue.
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most studies use RUCA categories A and C.41-44 This study
explored more rarely used categorizations, that is, categories
B, D, and E, which emphasize contributions of small rural
towns and isolated small rural towns, as well as travel pat-
terns. This study, as well as previous research by Hall and
colleagues,44 suggests that these more rarely used categori-
zations may offer more sensitivity in uncovering rural
disparities.
These data corroborate previous studies examining V&F

intake among rural residents. A study by Dean and Sharkey,45

which examined the relationship between household and
retail food environment on V&F intake among rural and ur-
ban adult residents (n ¼ 2,260) in central Texas, found that
adults in rural counties consumed fewer V&F (approximately
2.5 cups/d) compared with residents in urban counties
(approximately 2.7 cups/d) (P < .001). This study specifically
focused on healthy middle-aged adults, a population that is
different from older cancer survivors. More similarities may
be noted between the current study and participants enrolled
in the RENEW (Reach-out to Enhance Wellness) randomized
controlled trial, which was designed to improve diet quality
and physical functioning in older cancer survivors.43 Here, a
lower intake of V&F was observed among 160 rural cancer
survivors at baseline (approximately 2.3 cups/d) compared
with 327 urban cancer survivors (approximately 2.8 cups/d)
(P � .05).43 Although the intervention significantly improved
V&F consumption among both subgroups, rural survivors
reported significantly lower improvements in daily V&F
intake (approximately 1.1 cups) than urban survivors
(approximately 1.2 cups) (P � .05).43 In addition, these
September 2022 Volume 122 Number 9 JO
previous studies used either RUCA codes or the US Census
Bureau metropolitan and non-metropolitan characteristics at
the county level to categorize residency into dichotomous
groups. Furthermore, none of these studies investigated V&F
intake within isolated small rural towns.
Differences observed across these studies could be

explained by the increased distance and reduced access to
grocery stores, high cost of healthy foods, and a lack of
transportation that might hinder V&F intake within rural
areas, and affect older adults living on fixed incomes.45-49

Moreover, prevalence of poverty is greater in the Deep
South, with rural areas exhibiting higher poverty rates than
urban areas, which also might hinder V&F intake due to high
cost.31 Emerging evidence on rurality and diet in the Deep
South has also revealed the importance of racial and ethnic
influences. For instance, previous studies have reported that
the prevalence of poorer diets is higher among rural NHB vs
NHW populations.30,50 However, in this study, the lower V&F
intake detected among older cancer survivors residing in
isolated small rural towns cannot be explained by racial mi-
nority, as survivors in this residency group were significantly
more likely to be NHW than NHB. Future studies should
investigate the influence of cultural factors and those that
account for access.
There are several other factors that distinguish rural from

urban populations, including income and education.25,26,51

These factors could explain discrepancies in dietary intake
among older cancer survivors residing in rural areas.
Although this study was not able to capture these data, there
was the ability to explore differences in V&F consumption by
race, sex, and cancer type. In this study, NHB survivors re-
ported a daily intake of V&F of 1.3 cups, which was signifi-
cantly lower than 1.5 cups among NHW survivors. These
findings are consistent with those of Bovell-Benjamin and
colleagues52 who reported that African American individuals
(n ¼ 114) residing in rural areas consumed fewer fruits and
nonstarchy vegetables compared with NHW counterparts. In
contrast, a study of 635 older, rural adults in the southern
United States found that African American individuals had a
higher intake of fruits compared with NHW participants,53 a
finding that is consistent with other studies.42

Unlike other studies within the general population, this
study was unable to detect a significantly higher V&F intake
among female participants compared with male partici-
pants.54,55 The inability to detect statistically significant dif-
ferences between the sexes could be explained by the lower
number of men within the study, and hence a lack of power.
Because individuals diagnosed with GI cancers have the

potential for GI complications related to oncologic treat-
ments,19,20 the current study also explored whether survivors
diagnosed with GI cancers had differences in V&F intakes.
However, no statistically significant differences were detec-
ted. Current literature on V&F consumption among survivors
with GI cancers report that although certain V&F might be
helpful in managing specific GI complications, other V&F can
exacerbate symptoms. For example, recent research of Sun
and colleagues56 on 575 survivors with long-term rectal
cancer found that V&F were considered helpful for bowel
symptoms, whereas their earlier work among 856 ostomy
and anastomosis surgical patients found lower intakes of
vegetables such as corn, onions, and lettuce.57 Therefore,
although overall differences in V&F intake may not exist
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among survivors of GI cancers compared with other cancers,
intake of specific V&F may still differ.
Overall, the study demonstrates that older cancer survi-

vors, independent of race, sex, and cancer type, do not meet
the recommended amounts of V&F. Consumption among
older cancer survivors falls far below the recommendation of
4 to 5 cups of V&F per day,2 and may impact cancer recur-
rence and health-related quality of life.58

This study was strengthened by the large sample of older
cancer survivors that were geographically distributed across
Alabama. However, there were limitations. A primary short-
coming was the use of a 2-item screener to define V&F con-
sumption. Although the NCI EATS screener is validated, it
categorizes serving sizes and may be less sensitive in
detecting group differences than instruments that collect
continuous data.35 Furthermore, to increase the efficiency of
screening, the V&F items were further adapted from the
original NCI EATS instrument and were not evaluated for
validity after adaptation. These findings may be influenced by
respondent bias that is inherent with expressed interest to
participate in a vegetable gardening intervention. Other
limitations were the unbalanced sample distribution of rural
and urban survivors and underrepresentation of men and
racial and ethnic minorities that may have resulted in small
cell sizes and introduces the potential for unstable data.
Finally, there are likely to be confounding variables that were
not assessed and must be included in future research efforts.
CONCLUSIONS
Older cancer survivors consume intakes of V&F that fall far
below recommended levels, with consumption roughly 1.5
cups/d regardless of sex, race, and cancer type. Although
global comparisons between rural and urban survivors sug-
gest comparable V&F intakes, “deeper dives” into the data
indicate that survivors living in isolated, small, rural towns
report V&F intakes that are significantly lower. Such data
reinforce a pivotal need to develop effective behavioral in-
terventions that provide practical strategies to improve V&F
consumption among older cancer survivors in the South, and
to target those at highest risk—residents of isolated, small,
rural towns and NHB survivors.
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Table 3. Dwass, Steel, Critchlow-Fligner pairwise multiple
comparison by residency groups for Rural-Urban
Commuting Area Codes categorizations A and E to detect
pair differences in vegetable and fruit intake among 731
older cancer survivors who were screened for the Harvest
for Health trial across Alabama between October 2016 to
November 2019a

Variable
Wilcoxon Z
scoreb

DSCFc

value
P
valued

Categorization A

Urban vs small rural town e0.3162 0.4472 .9891

Urban vs isolated small rural
town

2.8214 3.9901 .0247

Urban vs large rural city/town e0.2783 0.3936 .9925

Large rural city/town vs small
rural town

e0.4379 0.6193 .9719

Large rural city/town vs
isolated small rural town

2.6593 3.7608 .0392

Small rural town vs isolated
small rural town

2.6801 3.7902 .0370

Categorization E

Urban vs small rural town e0.2737 0.3871 .9928

Urban vs isolated small rural
town

2.8513 4.0323 .0226

Urban vs large rural city/town e0.8043 1.1374 .8525

Large rural city/town vs small
rural town

e0.7347 1.0390 .8832

Large rural city/town vs
isolated small rural town

2.4357 3.4445 .0705

Small rural town vs isolated
small rural town

2.6801 3.7902 .0370

aDwass, Steel, Critchlow-Fligner post-hoc analysis based on pairwise 2-sample Wilcoxon
comparison to detect pairwise differences.
bZ score corresponding to the 2-sample Wilcoxon statistic.
cDwass, Steel, Critchlow-Fligner post-hoc analysis value.
dDwass, Steel, Critchlow-Fligner 2-sided P value for each paired comparison.
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Table 5. Cancer type and demographic characteristics by urban and rural status for residency categorization A through E of 731 cancer survivors who were screened for
the Harvest for Health trial across Alabama from October 2016 to November 2019 for this cross-sectional analysisa

Characteristic Urban Rural Large rural city/town Small rural town Isolated small rural town Small and isolated small rural town P value

 �����������������������������������������������
n (%)

�����������������������������������������������!
Categorization Ab

(n ¼ 731)
84.5 (618) NAc 8.5 (62) 5.1 (37) 1.9 (14) NA

 ����������������������������������������
mean (standard deviation)

����������������������������������������!
Age, y 69.8 � 6.4 NA 70.2 � 5.8 70.5 � 5.7 71.1 � 8.9 NA .78

 �����������������������������������������������
n (%)

�����������������������������������������������!
Sex

Female 66.8 (413) NA 59.7 (37) 64.9 (24) 71.43 (10) NA .68

Male 33.2 (205) NA 40.3 (25) 35.1 (13) 28.57 (4) NA

Race

NHWd 75.7 (468) NA 85.5 (53) 100 (37) 92.9 (13) NA .001

NHBe 24.3 (150) NA 14.5 (9) 0 (0) 7.1 (1) NA

Cancer type

GIf cancersg 11.7 (72) NA 12.9 (8) 16.2 (6) 0 (0) NA .44

Other cancers 88.3 (546) NA 87.1 (54) 83.8 (31) 100 (14) NA

Categorization Bh

(n ¼ 731)
84.5 (618) NA 8.5 (62) NA NA 7.0 (51)

 ����������������������������������������
mean (standard deviation)

����������������������������������������!
Age, y 69.8 � 6.4 NA 70.3 � 5.7 NA NA 70.7 � 6.6 .60

 �����������������������������������������������
n (%)

�����������������������������������������������!
Sex

Female 66.8 (413) NA 59.7 (37) NA NA 66.7 (34) .52

Male 33.2 (205) NA 40.3 (25) NA NA 33.3 (17)

Race

NHW 75.6 (468) NA 85.5 (53) NA NA 98.0 (50) .0004

NHB 24.4 (150) NA 14.5 (9) NA NA 2.0 (1)

Cancer type

GI cancers 11.6 (72) NA 12.9 (8) NA NA 11.8 (6) .95

Other cancers 88.4 (546) NA 87.1 (54) NA NA 88.2 (45)

(continued on next page)
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Table 5. Cancer type and demographic characteristics by urban and rural status for residency categorization A through E of 731 cancer survivors who were screened for
the Harvest for Health trial across Alabama from October 2016 to November 2019 for this cross-sectional analysisa (continued)

Characteristic Urban Rural Large rural city/town Small rural town Isolated small rural town Small and isolated small rural town P value

Categorization Ci

(n ¼ 731)
84.5 (618) 15.5 (113) NA NA NA NA

 ����������������������������������������
mean (standard deviation)

����������������������������������������!
Age, y 69.9 � 6.4 70.0 � 6.1 NA NA NA NA .35

 �����������������������������������������������
n (%)

�����������������������������������������������!
Sex

Female 66.8 (413) 62.8 (71) NA NA NA NA .40

Male 33.2 (205) 37.2 (42) NA NA NA NA

Race

NHW 75.7 (468) 91.2 (103) NA NA NA NA .0003

NHB 24.3 (150) 8.8 (10) NA NA NA NA

Cancer type

GI cancers 11.6 (72) 12.4 (14) NA NA NA NA .82

Other cancers 88.4 (546) 87.6 (99) NA NA NA NA

Categorization Dj

(n ¼ 731)
83.5 (610) 16.5 (121) NA NA NA NA

 ����������������������������������������
mean (standard deviation)

����������������������������������������!
Age, y 69.8 � 6.4 70.6 � 6.4 NA NA NA NA .27

 �����������������������������������������������
n (%)

�����������������������������������������������!
Sex

Female 67.1 (409) 62.0 (75) NA NA NA NA .28

Male 32.9 (201) 38.0 (46) NA NA NA NA

Race

NHW 75.0 (460 91.3 (111) NA NA NA NA <.0001

NHB 25.0 (150) 8.7 (10) NA NA NA NA

Cancer type

GI cancers 11.3 (69) 14.1 (17) NA NA NA NA .39

Other cancers 88.7 (541) 85.9 (104) NA NA NA NA

Categorization Ek

(n ¼ 731)
83.4 (610) NA 9.6 (70) 5.0 (37) 2.0 (14) NA

(continued on next page)
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Table 5. Cancer type and demographic characteristics by urban and rural status for residency categorization A through E of 731 cancer survivors who were screened for
the Harvest for Health trial across Alabama from October 2016 to November 2019 for this cross-sectional analysisa (continued)

Characteristic Urban Rural Large rural city/town Small rural town Isolated small rural town Small and isolated small rural town P value

 ����������������������������������������
mean (standard deviation)

����������������������������������������!
Age, y 69.8 � 6.4 NA 70.4 � 6.2 70.5 � 5.6 71.1 � 8.9 NA .72

 �����������������������������������������������
n (%)

�����������������������������������������������!
Sex

Female 67.1 (409) NA 58.6 (41) 64.9 (24) 71.4 (10) NA .52

Male 32.9 (201) NA 41.4 (29) 35.1 (13) 28.6 (4) NA

Race

NHW 75.4 (460) NA 87.1 (61) 100 (37) 92.9 (13) NA .0004

NHB 24.6 (150) NA 12.9 (9) 0(0) 7.1 (1) NA

Cancer type

GI cancers 11.3 (69) NA 15.7 (11) 16.2 (6) 0 (0) NA .29

Other cancers 88.7 (541) NA 84.3 (59) 83.8 (31) 100 (14) NA

aTest for significance (t test and analysis of variance for age and c2 for sex, race, and cancer type) for within-group comparisons for cancer type and demographic variables by urban vs rural designated areas for categorization A through E.
bCategorization A consists of the following 4 groups: urban (Rural-Urban Commuting Area Codes [RUCA] 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, 10.1), large rural city/town (RUCA 4.0, 4.2, 5.0, 5.2, 6.0, 6.1), small rural town (RUCA 7.0, 7.2, 7.3, 7.4, 8.0, 8.2,
8.3, 8.4, 9.0, 9.1, 9.2), and isolated small rural town (RUCA 10.0, 10.2, 10.3, 10.4, 10.5, 10.6).
cNA ¼ not applicable and represents groups that were not considered for each categorization.
dNHW ¼ non-Hispanic White.
eNHB ¼ non-Hispanic Black.
fGI ¼ gastrointestinal.
gIncludes cancer sites at the buccal mucosa, cecum, colorectum, duodenum, epiglottis, esophagus, glottis, ileum, liver, oral cavity/pharynx, palatine tonsils, rectum, retroperitoneum, small intestine, stomach, subglottis, throat, and tongue.
hCategorization B consists of the following 3 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1), large rural city/town (RUCA 4.0, 4.2, 5.0, 5.2, 6.0, and 6.1), small and isolated small rural town (7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1,
9.2, 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6).
iCategorization C consist of the following 2 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1, and 10.1) and rural (RUCA 4.0, 4.2, 5.0, 5.2, 6.0, 6.1, 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2, 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6).
jCategorization D consist of the following 2 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 4.1, 5.1, 7.1, 8.1, and 10.1) and rural (3.0, 4.0, 4.2, 5.0, 5.2, 6.0, 6.1, 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, 9.2, 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6).
kCategorization E consists of the following 4 groups: urban (RUCA 1.0, 1.1, 2.0, 2.1, 4.1, 5.1, 7.1, 8.1, and 10.1), large rural city/town (RUCA 3.0, 4.0, 4.2, 5.0, 5.2, 6.0, 6.1, 7.2, 8.2, and 10.2), small rural town (RUCA 7.0, 7.3, 7.4, 8.0, 8.3, 8.4, 9.0, 9.1, 9.2, and
10.3), and isolated small rural town (RUCA 10.0, 10.4, 10.5, and 10.6).
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ABSTRACT
Background Some preliminary studies indicate that components in coffee may have
anticarcinogenic effects. However, the association between coffee-drinking habits and
the risk of non-Hodgkin lymphoma (NHL) remain controversial.
Objective To examine the relationship between coffee intake and NHL incidence in a
large prospective study of postmenopausal US women.
Design and participants/setting The participants included 74,935 women from the
Women’s Health Initiative Observational Study who were recruited from 1993 through
1998. Information about coffee-drinking habits was collected at baseline via self-
administered questionnaires.
Main outcome measures Newly diagnosed NHL was validated by medical records and
pathology records. Separate analyses were performed for the following three subtypes
of NHL: diffuse large B-cell lymphoma (n ¼ 244), follicular lymphoma (n ¼ 166), and
chronic lymphocytic leukemia/small lymphocytic lymphoma (n ¼ 64).
Statistical analyses performed Age-adjusted and multivariable-adjusted Cox pro-
portional hazards models were used to determine associations of coffee intake (spe-
cifically, the total amount of coffee consumed daily, coffee types, and coffee preparation
methods) with risk of NHL.
Results A total of 851 women developed NHL during a median 18.34 years of follow-up
(range ¼ 0.01 to 24.30 years; � 6.63 years). Overall, no associations were observed
between coffee intake and risk of NHL regardless of the total amount of daily coffee
intake (P value for trend ¼ 0.90), caffeinated (P ¼ 0.55) or decaffeinated coffee intake
(P ¼ 0.78), and filtered or unfiltered coffee intake (P ¼ 0.91) after controlling for soci-
odemographic factors, lifestyle risk factors, and clinical risk factors/current medical
conditions. No significant associations were observed between coffee intake with spe-
cific subtypes of NHL. A statistically significant interaction was found between alcohol
intake, coffee intake, and incident NHL (P value for interaction ¼ 0.02) based on the
adjusted analysis. Specifically, among women who frequently consumed alcohol (> 7
drinks/week), those who had moderate coffee intake (2 to 3 c coffee/day) had a
significantly reduced risk of developing NHL (hazard ratio 0.61, 95% CI 0.36 to 0.98),
compared with those who did not drink coffee.
Conclusions The findings from this study do not support an association between coffee
consumption and NHL risk, irrespective of the total amount of daily coffee intake, coffee
types, or coffee preparation methods.
J Acad Nutr Diet. 2022;122(9):1725-1736.
A
CCORDING TO 2021 CANCER STATISTICS FROM THE
Surveillance, Epidemiology, and End Results Pro-
gram (SEER), non-Hodgkin lymphoma (NHL) is the
sixth most common cancer among US women.1 NHL

accounts for approximately 4.3% of all cancer diagnoses, with
an average incidence rate in the United States of 19.6 per
100,000 per year based on the SEER report between 2014 and
2018.1 The American Cancer Society projected that around
20,720 people would die from NHL in 2021.2 Thus, identifying
modifiable risk factors for NHL is critical for NHL prevention.
NHL begins in two kinds of immune cells, B cells and T cells,
and it is recognized as a hematologic malignancy that de-
presses the immune system.3 Studies have indicated that NHL
incidences are higher among non-Hispanic White individuals
than among other races or ethnicities,4,5 and that the risk of
NHL increases with age.6 Lifestyle-related factors have also
been associated with risk of NHL. Specifically, overweight and
obesity has been associated with increased risk of diffuse
large B-cell lymphoma (DLBCL), cigarette smoking has been
associated with increased risk of follicular lymphoma (FL),
OURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1725

https://doi.org/10.1016/j.jand.2021.10.025
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jand.2021.10.025&domain=pdf


RESEARCH SNAPSHOT

Research Question: Is drinking coffee associated with a
lower the risk of non-Hodgkin lymphoma among 74,935
postmenopausal women? Are there differences in the
association between coffee-drinking habits and risk of non-
Hodgkin lymphoma by age, body mass index, cigarette
smoking, or alcohol use?

Key Findings: No association was observed between coffee
consumption and non-Hodgkin lymphoma risk, irrespective
of the total amount of daily coffee intake, coffee types, and
coffee preparation methods. Frequent alcohol use (> 7
drinks/week) was associated with a lower risk of developing
non-Hodgkin lymphoma among women who consumed 2 to
3 cups of coffee per day, compared with noncoffee drinkers.

RESEARCH
and alcohol consumption has been associated with decreased
risk of all types of NHL.7-11 Other commonly known risk
factors are geographic variations, family history, hypotension,
and occupations with little to no sunlight exposure.12-14

Moreover, chronic inflammatory disorders,15,16 such as sys-
temic lupus erythematosus (SLE), rheumatoid arthritis (RA),
and type II diabetes (T2DM), are recognized as potential risk
factors10,17-19 for NHL. However, known risk factors account
for only a small proportion of NHL cases, and the etiology of
NHL remains largely unknown.
Coffee is the most commonly consumed beverage after

water in the United States.20 Many studies have indicated that
coffee intake is associated with lower risk of cancers,21-23

including NHL.24 Based on animal studies, extracts of coffee
beans were shown to be protective against DNA and chro-
mosomal damage in mouse lymphoma cell lines due to
modulated on N-methyl-N-nitro-N-nitrosoguanidine and
reduced the genotoxicity.25,26 Some observational studies
suggested that moderate coffee intake could enhance meta-
bolism27-30 and is associated with reduced risk of NHL.24,31

Some studies have indicated that several coffee components
have a protective effect as they raise plasma sex hormone-
binding globulin levels;32 whereas low levels of sex
hormone-binding globulin are associated with early insulin
resistance,33,34 which is an important factor for cancers’
growth.35,36 Moreover, different concentrations of coffee
chemical compounds can be produced by different coffee
brewing methods. For instance, diterpenes, which are detected
in unfiltered coffee brews (eg, espresso, boiled, percolated, and
French press), can inhibit tumor cell proliferation and activate
the process of tumor cell apoptosis, and therefore, protect
against tumorigenesis.37-40 However, diterpenes can be largely
trapped when using a paper filter in coffee preparation.
Conversely, evidence from in vivo and in vitro studies sug-

gests that caffeine, the major constituent in coffee beans, is a
methylxanthine with low toxicity that may activate the proto-
oncogenes and inactivate onco-suppressor genes.41 Two
cohort studies found increased risks of NHL among partici-
pants who were coffee drinkers42,43; however, four case-
control studies showed contradictory results. Three studies
conducted in Scandinavia and Italy failed to observe an asso-
ciation.43-45 Further, only one study observed a significantly
decreased risk among coffee drinkers.46 However, these pre-
vious studies only evaluated either the dose-response associ-
ation or coffee preparation methods. Furthermore, high coffee
consumption is commonly found in alcohol drinkers47 and
smokers,48 but people with higher body mass index (BMI)
appear to drink less coffee.49 Also, these variables might have
contributed to their interactions with coffee intake and NHL
incidence or might have confounded the association between
coffee intake and risk of NHL. However, possible interactions
have not been investigated previously. Approximately 154
million people drink coffee in the United States.48 Although
the fact that many observational studies have been conducted,
the relationship between coffee-drinking habits, such as the
amount of coffee consumed, coffee types and preparation
methods, and the risk of NHL remain controversial. Moreover,
results of studies that examined associations with specific
subtypes of NHL have also been inconsistent.24,44

The objective of this study was to examine the associations
between coffee-drinking habits and risk of NHL, and the in-
teractions between the covariates among postmenopausal
1726 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
women from the Women’s Health Initiative Observational
Study (WHI-OS).50

METHODS
Study Population
WHI included a prospective cohort study with more than 25
years of follow-up. In the WHI, 161,808 postmenopausal
women aged 50 to 79 were recruited from 40 clinical centers
throughout the United States between 1993 and 1998. Details
of the design and recruitment methods have been published
elsewhere. The WHI consisted of three overlapping clinical
trials and one observational study (OS). Women who were
not willing or eligible to join the clinical trials were invited to
join the OS or were directly recruited to the OS.50

Information on coffee-drinking habits, such as the amount
of coffee consumed, coffee types, and preparation methods,
were available and extracted from the WHI-OS. A total of
93,676 women were enrolled in the OS. Physical measure-
ments and blood specimens were also collected at baseline.
Health outcomes of OS participants were obtained annually
from mailed follow-up questionnaires or telephone ques-
tionnaires. All participants signed informed consents, pro-
tocols were approved by the Fred Hutchinson Cancer
Research Center, and the approval was obtained from the
institutional review boards of participating institutions.
A total of 74,935 women were included in the final analyses

after excluding women who had a history of cancer (other
than nonmelanoma skin cancer) at baseline (n ¼ 10,194),
womenwith missing data on follow-up information (n¼ 491),
women with missing data on coffee-drinking habits at base-
line (n¼ 526), and womenwithmissing data on key covariates
at baseline (race [n ¼ 225], education [n ¼ 685], occupation
type [n ¼ 3,975], recreational physical activity [PA] [n ¼ 908],
smoking status [n¼ 1,113], alcohol use [n¼ 544], hypertension
status [n¼ 1,512], rheumatoid arthritis [RA] [n¼ 646], and SLE
[n ¼ 1,060]). The flowchart showing the derivation of the an-
alytic cohort is presented in the Figure.

Exposure Information
Information on habitual coffee intake was collected at base-
line using self-administered Personal Habit questionnaires.
The total amount of daily coffee intake was based on the
following questions: “Do you drink coffee each day” (Yes/No),
September 2022 Volume 122 Number 9



Figure. Algorithm of study participants for coffee consumption and risk of non-Hodgkin lymphoma among postmenopausal
women in the Women’s Health Initiative (WHI) Observational Study cohort.
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“Howmany cups of coffee (caffeinatedþ decaffeinated) do you
usually drink each day? (Count tall [12 oz or more] cups and
espresso drinks made with double shots of espresso as 2
cups.)” Coffee intake was recategorized as noncoffee drinkers,
1 c/day, 2 to 3 c/day, and � 4 c/day). For the current analyses, 1
c coffee was assumed to be approximately 6 oz (about 177 mL).
Data on caffeinated and decaffeinated coffee were collected

based on the following questions: “How many cups of
caffeinated coffee (not decaffeinated) do you usually drink
each day? (Count tall [12 oz or more] cups and espresso
drinks made with double shots of espresso as 2 cups.)”
(recategorized as noncoffee drinkers, noncaffeinated coffee
drinkers, 1 c/day, 2 to 3 c/day, and � 4 c/day); “How many
cups of decaffeinated coffee do you usually drink each day
(Count tall [12 oz or more] cups and espresso drinks made
with double shots of espresso as 2 cups.)” (recategorized to
noncoffee drinkers, nondecaffeinated coffee drinkers, 1 c/day,
2 to 3 c/day, and � 4 c/day). Information on coffee prepara-
tion methods was reclassified based on the following ques-
tions: “How is the coffee usually made?” (recategorized to
noncoffee drinkers, filtered [drip or instant], unfiltered
[espresso, boiled, percolated, and French press], or both).

Outcome Ascertainment
The primary outcome of interest was NHL incidence. Newly
diagnosed NHL patients during follow-up were first identi-
fied by self-reports and then were verified by centralized
trained cancer adjudicators based on medical records and
pathology reports. Histology of NHL in the WHI was based on
the SEER guidelines; the case morphology classification codes
used International Classification of Diseases-O-3 (ICD-O-3)
coding.51 Accordingly, the three major subtypes of NHL and
their ICD-O-3 coding were DLBCL (ICD-O-3 codes 9678/
September 2022 Volume 122 Number 9 JO
3e9680/3 and 9684/3), FL (ICD-O-3 codes 9690/3e9698/3),
and chronic lymphocytic leukemia/small lymphocytic lym-
phoma (ICD-O-3 codes 9823/3 and 9670/3), respectively.
Follow-up duration was defined from the date of enrollment
to the date of NHL diagnosis, the date of death, or the last
date of follow-up (March 1, 2019), whichever came first.

Covariates
Models were adjusted for potential confounders at baseline,
identified a priori as risk factors for NHL.7-19 They were age
group at screening (50 to 59, 60 to 69, and 70 to 79 or older),
race/ethnicity (American Indian or Alaskan Native, Asian or
Pacific Islander, Black or African-American, Hispanic/Latino,
non-Hispanic White, and other), education (high school
diploma and below, school after high school, college degree
or higher), WHI region (Northeast, South, Midwest, West),
occupation type (managerial/professional, technical/sales/
administration, service/labor, homemaker), BMI (measured
as body weight in kilograms divided by squared body height
in meters: < 25, 25 to < 30, 30 to < 35, or � 35), recreational
PA (total metabolic equivalents of energy expenditure per
week [MET-hours/week]:52 <5, 5 to <10, 10 to < 20, 20 to <
30, and � 30), smoking history (never/past/current smokers),
alcohol use (nondrinkers/past drinkers, < 1 drink/week, 1 to
7 drinks per week, > 1 drink/day), hormone replacement
therapy (never used, estrogen alone use, combined estrogen-
progestin use, use both), hypertension status (never hyper-
tensive, untreated hypertensive, or treated hypertensive),
family history of any cancer (Yes/No), RA (Yes/No), SLE (Yes/
No), and T2DM (no diabetes, diabetes without treatment, or
diabetes with treatment). All covariates were grouped into
sociodemographic factors (age group at screening, race, ed-
ucation, region, and occupation type), lifestyle risk factors
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1727



Table 1. Baseline demographic and physiologic characteristics of postmenopausal women participating in the Women’s Health
Initiative Observational Study cohort according to daily coffee intake

Daily coffee intake (c/d)a

Total
cohort
(N [ 74,935)

Noncoffee
drinkers
(n [ 21,730)

1
(n [ 11,752)

2-3
(n [ 30,158)

‡ 4
(n [ 11,295) P valueb

 ���������������������
n (%)

���������������������!
Sociodemographic factor

Age group at
screening (y)

< 0.01

50-59 24,483 7,872 (36.2) 3,375 (28.7) 9,439 (31.3) 3,797 (33.6)

60-69 33,060 9,037 (41.6) 5,185 (44.1) 13,612 (45.1) 5,226 (46.3)

70-79þ 17,392 4,821 (22.2) 3,192 (27.2) 7,107 (23.6) 2,272 (20.1)

Race/ethnicity < 0.01

White 63,198 17,062 (78.5) 9,167 (78.0) 26,470 (87.8) 10,499 (93.0)

Black 5,645 2,710 (12.5) 1,187 (10.1) 1,499 (5.0) 249 (2.2)

Hispanic 2,647 715 (3.3) 584 (5.0) 1,082 (3.6) 266 (2.4)

American Indian 319 84 (0.4) 58 (0.5) 126 (0.4) 51 (0.5)

Asian/Pacific Islander 2,300 900 (4.1) 598 (5.1) 683 (2.2) 119 (1.1)

Other 826 259 (1.2) 158 (1.3) 298 (1.0) 111 (1.0)

Education < 0.01

High school diploma
and below

15,426 4,177 (19.2) 2,539 (21.6) 6,256 (20.7) 2,454 (21.7)

School after high
school

7,187 1,925 (8.9) 1,281 (10.9) 2,864 (9.5) 1,117 (9.9)

College degree or
higher

52,322 15,628 (71.9) 7,932 (67.5) 21,038 (69.8) 7,724 (68.4)

Region < 0.01

Northeast 17,240 4,411 (20.3) 2,886 (24.6) 7,504 (24.9) 2,439 (21.6)

South 18,863 5,539 (25.5) 3,302 (28.1) 7,636 (25.3) 2,386 (21.1)

Midwest 16,627 4,875 (22.4) 2,071 (17.6) 6,390 (21.2) 3,291 (29.1)

West 22,205 6,905 (31.8) 3,493 (29.7) 8,628 (28.6) 3,179 (28.2)

Occupation type < 0.01

Managerial/
professional

32,664 9,540 (43.9) 4,988 (42.4) 13,157 (43.6) 4,979 (44.1)

Technical/sales/
administration

21,485 5,864 (27.0) 3,510 (29.9) 8,879 (29.4) 3,232 (28.6)

Service/labor 12,770 3,901 (18.0) 1,967 (16.7) 4,929 (16.4) 1,973 (17.5)

Homemaker 8,016 2,425 (11.1) 1,287 (11.0) 3,193 (10.6) 1,111 (9.8)

Lifestyle risk factors

Body mass index
group

< 0.01

< 25 31,612 9,206 (42.3) 5,038 (42.9) 12,696 (42.1) 4,672 (41.4)

25- < 30 25,282 6,746 (31.0) 3,960 (33.7) 10,522 (34.9) 4,054 (35.9)

30- < 35 11,379 3,421 (15.8) 1,766 (15.0) 4,497 (14.9) 1,695 (15.0)

� 35 6,662 2,357 (10.9) 988 (8.4) 2,443 (8.1) 874 (7.7)
(continued on next page)
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Table 1. Baseline demographic and physiologic characteristics of postmenopausal women participating in the Women’s Health
Initiative Observational Study cohort according to daily coffee intake (continued)

Daily coffee intake (c/d)a

Total
cohort
(N [ 74,935)

Noncoffee
drinkers
(n [ 21,730)

1
(n [ 11,752)

2-3
(n [ 30,158)

‡ 4
(n [ 11,295) P valueb

Recreational physical
activity (MET-h/wk)

< 0.01

None 14,119 4,098 (18.9) 2356 (20.1) 5,546 (18.4) 2,119 (18.8)

5- < 10 12,664 3,572 (16.4) 1,992 (17.0) 5,132 (17.0) 1,968 (17.4)

10- < 20 19,288 5,483 (25.2) 2,944 (25.0) 7,963 (26.4) 2,898 (25.7)

20- < 30 9,896 2,870 (13.2) 1,483 (12.6) 4,095 (13.6) 1,448 (12.8)

� 30 18,968 5,707 (26.3) 2,977 (25.3) 7,422 (24.6) 2,862 (25.3)

Smoking < 0.01

Never 38,294 13,398 (61.6) 6,571 (55.9) 14,040 (46.6) 4,285 (37.9)

Past 32,049 7,598 (35.0) 4,694 (40.0) 14,239 (47.2) 5,518 (48.9)

Current 4,592 734 (3.4) 487 (4.1) 1,879 (6.2) 1,492 (13.2)

Alcohol use (drinks/
wk)

< 0.01

Nondrinkers or past
drinkers

22,037 8,879 (40.9) 3,613 (30.7) 6,851 (22.7) 2,694 (23.9)

< 1 23,859 7,160 (33.0) 3,908 (33.3) 9,341 (31.0) 3,450 (30.5)

1-7 19,474 4,112 (18.9) 2,883 (24.5) 9,162 (30.4) 3,317 (29.4)

> 7 9,565 1,579 (7.2) 1,348 (11.5) 4,804 (15.9) 1,834 (16.2)

Clinical risk factors and current medical conditions

Hypertension and
treatment

< 0.01

Never hypertensive 50,304 14,205 (65.4) 7,332 (62.4) 20,499 (68.0) 8268 (73.2)

Untreated
hypertensive

5,888 1,767 (8.1) 948 (8.1) 2,313 (7.7) 860 (7.6)

Treated hypertensive 18,743 5,758 (26.5) 3,472 (29.5) 7,346 (24.3) 2,167 (19.2)

Hormone
replacement
therapy

< 0.01

Never use 29,065 8,568 (39.4) 4,528 (38.5) 11,313 (37.5) 4,656 (41.2)

Estrogen alone use 23,301 6,986 (32.1) 3,816 (32.5) 9,363 (31.1) 3,136 (27.8)

Combined estrogen-
progestin use

17,820 4,886 (22.5) 2,637 (22.4) 7,501 (24.9) 2,796 (24.8)

Use both 4,749 1,290 (6.0) 771 (6.6) 1,981 (6.4) 707 (6.2)

Family history of any
cancer

< 0.01

Yes 47,671 13,595 (62.6) 7,390 (62.9) 19,346 (64.1) 7,340 (65.0)

No 27,264 8,135 (37.4) 4,362 (37.1) 10,812 (35.9) 3,955 (35.0)

Rheumatoid arthritis < 0.01

Yes 3,834 1141 (5.2) 668 (5.7) 1451 (4.8) 574 (5.1)

No 71,101 20,589 (94.8) 11,084 (94.3) 28,707 (95.2) 10,721 (94.9)
(continued on next page)
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Table 1. Baseline demographic and physiologic characteristics of postmenopausal women participating in the Women’s Health
Initiative Observational Study cohort according to daily coffee intake (continued)

Daily coffee intake (c/d)a

Total
cohort
(N [ 74,935)

Noncoffee
drinkers
(n [ 21,730)

1
(n [ 11,752)

2-3
(n [ 30,158)

‡ 4
(n [ 11,295) P valueb

Lupus erythematosus 0.06

Yes 393 132 (0.6) 70 (0.6) 139 (0.5) 52 (0.5)

No 74,542 21,598 (99.4) 11,682 (99.4) 30,019 (99.5) 11,243 (99.5)

Type 2 diabetes and
treatments

< 0.01

No diabetes 71,029 20,376 (93.7) 11,081 (94.3) 28,751 (95.3) 10,821 (95.8)

Diabetes without
treatment

1,040 340 (1.6) 167 (1.4) 384 (1.3) 149 (1.3)

Diabetes with
treatment

2,866 1,014 (4.7) 504 (4.3) 1,023 (3.4) 325 (2.9)

aDaily coffee intake was based on the following questions: “Do you drink coffee each day” (Yes/No), “How many cups of coffee (caffeinated þ decaffeinated) do you usually drink each day?
(Count tall [12 oz or more] cups and espresso drinks made with double shots of espresso as 2 cups.)” (Categorized as noncoffee drinkers [did not drink coffee], 1 cup/day, 2 to 3 cups/day,
and � 4 cups/day; 1 cup of coffee was assumed to be approximately 6 oz [w177 mL]).
bEstimated via c2 test with the variables of interest for coffee drinkers.
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(BMI, PA, smoking, and alcohol use), and clinical risk factors/
current medical conditions (hormone replacement therapy,
family history of any cancer, RA, SLE, and T2DM) as presented
in Table 1.
Statistical Analysis
Baseline characteristics of participants were examined by
total amount of daily coffee intake. Analyses were only con-
ducted using participants with complete data on all variables.
Pearson c2 test was used to compare the distributions of the
characteristics of different coffee consumption levels for
categorical variables.
Cox proportional hazards regression models were used to

evaluate associations between the total amount of daily cof-
fee intake and risk of NHL in age-adjusted and multivariable-
adjusted analyses. Further analyses were conducted to
examine associations of types of coffee (ie, caffeinated and
decaffeinated) and coffee preparation methods (ie, noncoffee
drinkers, filtered, unfiltered, or both) with incidence of NHL.
In addition, associations of coffee-drinking habits with risks
of the three major subtypes of NHL (DLBCL: n ¼ 244; FL: n ¼
166; and chronic lymphocytic leukemia/small lymphocytic
lymphoma: n ¼ 64) were investigated separately as well. The
remaining 377 cases were considered as a heterogeneous
group and were not estimated in separate analyses. Hazard
ratios (HRs) and 95% CIs were assessed and reported. Po-
tential confounding variables in the multivariable-adjusted
models included sociodemographic factors, lifestyle risk fac-
tors, and clinical risk factors and current medical conditions.
In addition, linear trend tests were performed for the total

amount of daily coffee intake, caffeinated coffee intake, and
decaffeinated coffee intake. P values for trends were esti-
mated from models, including the consumption variables as
linear terms in the models. For caffeinated coffee
1730 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
consumption, the categories of noncoffee drinkers and non-
caffeinated coffee drinkers were collapsed; for decaffeinated
coffee consumption, noncoffee drinkers and non-
decaffeinated coffee drinkers were collapsed. The interaction
effects of habitual coffee intake by covariate groups (age, BMI,
cigarette smoking, and alcohol use) were evaluated. Sensi-
tivity analyses were conducted by analyzing age, BMI and PA
as continuous confounders in the age-adjusted and
multivariable-adjusted models.
All analyses were conducted using SAS statistical software

version 9.4.53 The statistical test was two-tailed, and P � 0.05
was considered statistically significant.
RESULTS
During a median 18.34-year follow-up (range ¼ 0.01 to 24.30
years � 6.63 years), 851 (out of 74,935) postmenopausal fe-
male participants developed NHL. The main baseline char-
acteristics according to daily coffee intake are shown in
Table 1. The majority of participants reported drinking at least
2 c coffee per day (55.3%). In comparison with noncoffee
drinkers, participants who drank at least 4 c coffee per day
tended to be in the 60 to 69 age group, and they were more
likely to be White, never hypertensive, frequent alcohol
consumers, nonhormone users, and have a lower education
level (Table 1). Women who were homemakers, lived in the
West region, and were never smokers were more likely to be
noncoffee drinkers (11.1%, 31.8%, and 61.6%, respectively),
than to be frequent coffee drinkers (�4 c/day). Obese par-
ticipants were also more likely to be nondrinkers than to be
frequent coffee drinkers (� 4 c/day) (10.9% vs 7.7%).
Conversely, compared with noncoffee drinkers, those who
drank � 4 c coffee per day were found to have a family his-
tory of any cancer (62.6% vs 65.0%) and not have T2DM (93.7%
vs 95.8%).
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Table 2. Associations of non-Hodgkin lymphoma with coffee intake, types, and coffee preparation methods among 74,935
postmenopausal women in the Women’s Health Initiative Observational Study cohort

Non-Hodgkin lymphoma

n hazard ratioa (95% CI) hazard ratiob (95% CI)

Total amount of coffee intake (c/d) 851 e e

Noncoffee drinkers 229 1.00 (Ref.c) 1.00 (Ref.)

1 140 1.10 (0.90-1.36) 1.12 (0.90-1.38)

2-3 359 1.07 (0.91-1.27) 1.06 (0.88-1.25)

� 4 123 0.99 (0.80-1.23) 0.96(0.77-1.20)

P valued e 0.83 0.90

n hazard ratioa (95% CI) hazard ratioe (95% CI)

Caffeinated coffee (c/d) 851 e e

Noncoffee drinkers 227 1.00 (Ref.) 1.00 (Ref.)

Noncaffeinated coffee drinkers 134 1.01 (0.81-1.25) 0.99 (0.79-1.22)

1 162 1.15 (0.94-1.41) 1.16 (0.94-1.42)

2-3 253 1.06 (0.89-1.27) 1.05 (0.87-1.26)

� 4 75 0.98 (0.75-1.27) 0.95 (0.73-1.25)

P valuef e 0.64 0.55

n hazard ratioa (95% CI) hazard ratiog (95% CI)

Decaffeinated coffee (c/d) 851 e e

Noncoffee drinkers 227 1.00 (Ref.) 1.00 (Ref.)

Nondecaffeinated coffee drinkers 342 1.05 (0.89-1.24) 1.05 (0.88-1.25)

1 132 1.07 (0.86-1.32) 1.05 (0.85-1.31)

2-3 126 1.12 (0.90-1.39) 1.09 (0.87-1.36)

� 4 24 0.88 (0.58-1.35) 0.84 (0.55-1.28)

P valuef e 0.77 0.78

n hazard ratioa (95% CI) hazard ratioh (95% CI)

Coffee preparation methods 846 e e

Noncoffee drinkers 227 1.00 (Ref.) 1.00 (Ref.)

Unfiltered 56 1.01 (0.76-1.36) 1.02 (0.76-1.37)

Filtered 543 1.07 (0.92-1.25) 1.06 (0.90-1.24)

Both 20 1.08 (0.68-1.70) 1.06 (0.67-1.67)

P valuef e 0.85 0.91

aModel adjusted for exposure variables and age group at screening only.
bModel adjusted for all sociodemographic risk factors, lifestyle risk factors, clinical risk factors, current medical conditions, and the total amount of coffee consumed.
cRef. ¼ reference category.
dP value for trend.
eModel adjusted for all sociodemographic risk factors, lifestyle risk factors, clinical risk factors, current medical conditions, and amount of caffeinated coffee.
fP value was estimated from Cox proportional hazards regression model.
gModel adjusted for all sociodemographic risk factors, lifestyle risk factors, clinical risk factors, current medical conditions, and amount of decaffeinated coffee.
hModel adjusted for all sociodemographic, lifestyle risk factors, clinical risk factors, current medical conditions, and coffee preparation methods.
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The results did not show any statistically significant asso-
ciation between total amount of daily coffee intake and risk
of NHL in the age-adjusted model (1 c/day: HR 1.10, 95% CI
0.90 to 1.36, 2 to 3 c/day: HR 1.07, 95% CI 0.91 to 1.27, and � 4
c/day: HR 0.99, 95% CI 0.80 to 1.23; P value for trend ¼ 0.83)
or in the multivariable-adjusted model for 1 c/per day: HR
1.12, 95% CI 0.90-1.38, 2 to 3 c/day: HR 1.06, 95% CI 0.88 to
September 2022 Volume 122 Number 9 JO
1.25, and � 4 c/day: HR 0.96, 95% CI 0.77 to 1.20; P value for
trend ¼ 0.90) (Table 2). Findings were similar regardless of
whether or not coffee was caffeinated or decaffeinated
(caffeinated coffee: P ¼ 0.55 and decaffeinated coffee: P ¼
0.78) after adjustment for potential covariates. There was no
statistically significant difference in the association between
coffee preparation methods and risk of NHL in
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Table 3. Associations of non-Hodgkin lymphoma with coffee types among 74,935 postmenopausal women in the Women’s
Health Initiative Observational Study cohort

Non-Hodgkin lymphoma

n hazard ratioa (95% CI) hazard ratiob (95% CI)

Caffeinated coffee 851 e e

Noncaffeinated coffee drinkers (c/d) 361 1.00 (Ref.c) 1.00 (Ref.)

1 162 1.15 (0.95-1.38) 1.16 (0.96-1.40)

2-3 253 1.06 (0.90-1.24) 1.06 (0.90-1.24)

� 4 75 0.97 (0.76-1.25) 0.96 (0.74-1.24)

P value for trend e 0.78 0.86

n hazard ratioa (95% CI) hazard ratiod (95% CI)

Decaffeinated coffee 851 e e

Nondecaffeinated coffee drinkers (c/d) 569 1.00 (Ref.) 1.00 (Ref.)

1 132 1.04 (0.86-1.25) 1.02 (0.84-1.24)

2-3 126 1.09 (0.90-1.32) 1.06 (0.87-1.28)

� 4 24 0.86 (0.57-1.29) 0.82 (0.54-1.23)

P value for trend e 0.76 0.93

aModel adjusted for exposure variables and age group at screening only.
bModel adjusted for all sociodemographic, lifestyle risk factors, clinical risk factors, current medical conditions, and the amount of caffeinated coffee intake.
cRef. ¼ reference category.
dModel adjusted for all sociodemographic risk factors, lifestyle risk factors, clinical risk factors, current medical conditions, and the amount of decaffeinated coffee intake.
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postmenopausal women (P ¼ 0.91) after controlling for po-
tential cofounders. Coffee intake was also not significantly
associated with the risk of any NHL histologic subtype (data
not shown). Moreover, the linear trend results of caffeinated
coffee and decaffeinated coffee were very similar (see
Table 3) (P for trend values for caffeinated coffee intake and
decaffeinated coffee intake ¼ 0.86 and 0.93, respectively).
A statistically significant interaction was found between

alcohol, total amount of coffee consumed, and NHL incidence
(Table 4) (P value for interaction ¼ 0.02). Among womenwho
were frequent alcohol consumers (> 7 drinks/week), those
who reported moderate coffee consumption (2 to 3 c/day)
Table 4. Interaction of non-Hodgkin lymphoma with the total am
postmenopausal women in the Women’s Health Initiative Observ

Coffee consumption category
Nondrinker/past
alcohol drinkers

Alcoho
< 1 dri

Multivariable adjusted hazar

Noncoffee drinkers (n ¼ 21,730) 1.00 (Ref.c) 1.00 (Re

1 c coffee/d (n ¼ 11,752) 1.29 (0.88-1.88) 1.27 (0.

2-3 c coffee/d (n ¼ 34,696) 1.19 (0.87-1.63) 1.33 (1.

� 4 c coffee/d (n ¼ 6,757) 1.00 (0.64-1.54) 1.01 (0.

aEstimates of coffee intake � alcohol use, after adjusted for all sociodemographic risk factors,
bP value was estimated from Cox proportional hazards regression model.
cRef. ¼ reference category.
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had significantly reduced risk of NHL (HR 0.61, 95% CI 0.36 to
0.98), compared with those who were noncoffee drinkers.
However, no interaction effects of coffee-drinking habits with
other factors (age, BMI, and cigarette smoking) were
observed in the current study (data not shown). Furthermore,
in sensitivity analyses where age, BMI, and PA were included
as continuous confounders (data not shown) in the models,
the results were virtually unchanged.

DISCUSSION
This study investigated the association between habitual
coffee consumption and NHL incidence among a large
ount of coffee consumption and alcohol usea among 74,935
ational Study cohort

Total alcohol consumption

l use
nk/wk

Alcohol use
1-7 drinks/wk

Alcohol use
> 7 drinks/week P valueb

d ratio (95% CI)

f.) 1.00 (Ref.) 1.00 (Ref.)

89-1.84) 1.15 (0.76-1.73) 0.65 (0.32-1.30)

00-1.78) 0.98 (0.71-1.37) 0.61 (0.36-0.98)

68-1.51) 0.66 (0.42-1.04) 1.19 (0.69-2.04)

lifestyle risk factors, clinical risk factors, and current medical conditions.
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multiethnic prospective cohort of postmenopausal women.
Overall, nonsignificant association between coffee-drinking
habits and NHL incidence was found regardless of the total
amount of coffee consumed, the types of coffee (caffeinated
or decaffeinated), or coffee preparation methods. However,
among women who were frequent alcohol users, those who
drank 2 to 3 c coffee per day had a lower risk of NHL,
compared with those who were noncoffee drinkers.
Previous studies observed that circulating levels of in-

flammatory markers were decreased among people who
consumed coffee54 because coffee can lower free estradiol
levels and enhance insulin sensitivity; this might indicate
that tumor development can be prevented by reducing the
inflammatory response and tumor metastasis activities.30,55

Thus, this is a possible mechanism linking coffee especially
to NHL occurrence because inflammation is a known risk
factor for NHL. Alternatively, some studies42,46 observed a
decrease in association of coffee intake with NHL, particularly
in participants with heavy coffee consumption. However,
nonsignificant associations with NHL incidence were
observed among postmenopausal women in the current
study, regardless of the amount of coffee consumed. These
nonsignificant results agree with previous meta-analyses that
showed no associations between amount of coffee consumed
and the risk of NHL,56 although there was a significant het-
erogeneity among the studies in the meta-analyses. Potential
reasons for this inconsistency may be due to variations in
cutoff points for coffee consumption, different study pop-
ulations, and/or different study designs.42,45,46,57 In addition,
former studies had relatively small sample sizes and short
observation periods. Previous evidence indicates that some
NHL subtypes might be more sensitive to coffee intake. For
example, heavy coffee consumption increased the risk of
follicular lymphoma but decreased the risk of t(14;18)-posi-
tive NHL.31 Thus, coffee had inconsistent associations with
different NHL subtypes, leading to nonsignificant results
when all NHL subtypes were merged into one group. How-
ever, this study did not find any associations with NHL sub-
types, which might be due to lack of statistical power and/or
having evaluated only three major subtypes of NHL.
The lack of association between the different types of cof-

fee consumed and the risk of NHL has also been observed in
other studies.43-45 It is difficult to compare findings across
studies since coffee consumption is difficult to standardize.
For instance, it is not easy to distinguish the concentration of
coffee compounds,30,58,59 because of different roasting levels
of coffee beans and the plant variety (Arabica or Robusta).
Even if only a small amount of the ingested compounds enter
the circulatory system,60 many studies suggest more than a
thousand different chemical compounds with biological ac-
tivity exist in coffee,30,60 including phenols, melanoidins, and
diterpenes that have antioxidant effects. These constituents
are believed to have health benefits. Therefore, the mecha-
nisms by which coffee may influence NHL incidence are un-
clear. Although potential mechanisms have been speculated,
only a few firm conclusions have been reported. Particularly,
phenolic compounds of coffee, such as chlorogenic acid,
could enhance glucose tolerance.61 Other substances,
including cafestol, acutely stimulate insulin sensitivity.62

Coffee intake seems to be related to other personal
behavior factors, such as alcohol consumption and smok-
ing.63,64 It is important to control for these factors when
September 2022 Volume 122 Number 9 JO
analyzing coffee intake and health outcomes. Although many
bioactive compounds with anticarcinogenic activity are con-
tained in coffee, some evidence indicates that inflammatory
factors, such as interleukin-6 and plasminogen activator
inhibitor-1 levels, are accelerated among people who smoke
and drink coffee heavily,65 compared with nonsmokers,
which minimizes any potential benefits to coffee consump-
tion. However, current results did not indicate this modifying
effect of smoking status. Although pack-years of smoking has
been used to replace smoking status, results remained similar
regardless of the total amount of coffee consumed, coffee
types, and preparation methods. Instead, current findings
indicate that frequent alcohol use (> 7 drinks/week) could
reduce the risk of developing NHL among persons who
consumed 2 to 3 c coffee per day, compared with noncoffee
drinkers; however, for those who drank more than 3 c coffee
per day, the risk of NHL was increased, albeit not significantly.
Evidence from pooled analyses66,67 indicated that alcohol
intake is associated with lower risk of all types of NHL
because of modulated insulin sensitivity and upregulated
anti-inflammatory genes, such as interleukin-10 and adren-
ergic beta receptor kinase 1 (ADRBK1.68 It is possible that
substances in coffee and one or more component(s) of
alcohol may interact to lower the risk of NHL. However, this
finding also could be interpreted as coincidental because of
the limited number of comparisons in the current study.
Alternatively, women who drank 2 to 3 c coffee per day and
consumed more than 7 drinks/week could be a unique pop-
ulation. Further study is needed to better elucidate the health
impacts of combined coffee and alcohol consumption.
A unique aspect of this study was the inclusion of infor-

mation on coffee preparation methods (drip/espresso/
instant/boiled/percolated/French press). Many previous
studies only focused on caffeine content. However, according
to research from Food Function,60 thousands of different
chemicals are contained in coffee beans, and many different
compounds with possible antitumor and oncogenic effects
can be produced by different coffee roasting or preparation
methods. For example, higher diterpene levels could be found
in boiled unfiltered coffee rather than in filtered coffee
because a lower water temperature is used to prepare filtered
coffee. Yet, when unfiltered coffee, filtered coffee, and com-
bined groups (unfiltered coffee þ filtered coffee) were
examined, none of them were associated with risk of NHL or
its three major subtypes. However, the current study had
limited power to explore each specific type of preparation
method because the number of participants identified in each
type of preparation method was relatively small.
The current study has several strengths, including its pro-

spective design. Moreover, the large number of NHL cases
ascertained over a long follow-up period, and the detailed
information on habitual coffee intake, enabled the estimation
of the risk of NHL among the varying amounts of coffee
consumed, coffee types, and coffee preparation methods. In
addition, known confounders such as T2DM69,70 and smoking
history,9 which were associated with an increased in risk of
NHL, were controlled for in the current analyses. Notably, this
study is the first to have observed a modifying effect of
alcohol intake on the association of coffee consumption with
NHL.
The current study has some limitations. First, coffee-

drinking habits were self-reported only at recruitment,
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1733



RESEARCH
leading to possible recall bias and/or misclassification of the
exposures, which may have biased these estimates toward
the null. In addition, coffee intake was assessed at a single
time point, which prevented the assessment of the cumula-
tive effect of coffee intake on risk of NHL over time, and
underestimated associations could be caused by the inaccu-
racy of the estimates. The influence of this limitation cannot
be completely excluded, despite some evidence that coffee
consumption remains stable beyond age 58 years because
older people have a relatively constant lifestyle and envi-
ronment.71 Information about coffee concentration was not
available, and the questionnaire did not ask about the addi-
tion of sugar or dairy in coffee preparation alone. Instead,
information on dairy and sugar was assessed for both coffee
and tea intake combined. Therefore, a more detailed ques-
tionnaire or other advanced methods of assessing coffee
intake could be implemented in the future. Finally, all WHI
participants were postmenopausal women, so the findings
may not be generalizable to other populations.

CONCLUSIONS
No associations were found between coffee-drinking habits
and risk of developing NHL among postmenopausal women
regardless of the total amount of coffee consumed, coffee
types, and coffee preparation methods. This study suggests
that there are no health benefits of coffee consumption for
NHL risk for most postmenopausal women, but further evi-
dence is needed to elucidate and confirm these findings.
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ABSTRACT
Background Cancer risk is determined by specific factors, including body weight and
dietary patterns. Accordingly, the World Cancer Research Fund/American Institute for
Cancer Research published updated cancer prevention recommendations in 2018 based
on comprehensive reviews of modifiable behaviors associated with cancer risk.
Objective The objective of this study was to determine the extent to which US adults
meet these evidence-based recommendations and how adherence differs by weight
status.
Design This was a cross-sectional study using nationally representative data from the
2005-2016 National Health and Nutrition Examination Survey (NHANES).
Participants/setting Dietary intake data for 30,888 adults 18 years and older with
normal body mass index (BMI), overweight, or obesity were analyzed.
Main outcome measures Differences in dietary intakes and the proportion of adults
meeting guidelines were compared across BMI categories.
Statistical analyses performed Logistic regression and 1-way analysis of covariance
were used to analyze differences in adherence to recommendations, controlling for age,
sex, race/ethnicity, and family income as a percent of the federal poverty rate.
Results Regarding fruit and nonstarchy vegetables, 62.8% of adults with normal BMI,
64.5% with overweight, and 70.1% with obesity fell short of recommendations.
Regarding whole grains, 67.9% of adults with normal BMI, 70.2% with overweight, and
73.1% with obesity did not meet the recommendation. Regarding red meat, 36.7% of
adults with normal BMI, 41.6% with overweight, and 43.5% with obesity consumed >18
oz/week, with a significant difference in mean intakes between adults with normal BMI
and obesity (P < .001). Adults with obesity consumed significantly less dietary fiber and
more processed meat than adults with normal BMI and overweight (P < 0.001).
Conclusions Few U.S. adults meet cancer prevention recommendations; adults with
obesity are significantly less likely to do so. Future research should evaluate com-
pounded risk resulting from obesity and poor dietary patterns inconsistent with current
evidence-based guidelines, and inform targeted interventions to address these issues.
J Acad Nutr Diet. 2022;122(9):1737-1743.
T
HE RISING BURDEN OF CANCER CONTINUES TO
remain a global issue, as 1 in 8 deaths can be attrib-
uted to cancer on a worldwide scale.1 In addition,
cancer remains a major cause of death in the United

States (US), surpassed only by heart disease.2 Although 5% to
10% of cancer risk is linked to heritable germline mutations,
environmental exposures, such as modifiable risk factors and
lifestyle behaviors, are strongly associated with cancer risk.1,3

It is estimated that between 30% and 50% of all cancer cases
can be prevented by improving key lifestyle behaviors and
avoiding harmful environmental exposures.1 Excess body
fatness is one modifiable factor that can reduce cancer risk.
Higher body fatness increases the risk of at least 13 cancers,
including postmenopausal breast, ovarian, endometrial, liver,
colorectal, and pancreatic.4 Estimates indicate weight-related
cancers account for 40% of cancer diagnoses in the US.4-6

Weight status is also associated with suboptimal diet
quality, characterized by less dietary fiber, low consumption
of fruits and vegetables, and more red and processed meat.7-9

Adults with obesity have an increased risk of developing
many cancers due to both elevated body fatness and subop-
timal dietary patterns, the latter of which can further
contribute to weight status.
Evidence demonstrates that dietary patterns play a signif-

icant role in reducing cancer risk.10 High adherence to
evidence-based dietary and physical activity guidelines has
been associated with decreases of 10% to 61% of overall
cancer incidence and mortality.11 Recent data indicate that US
adults are consuming an average of 2.4 cup equivalents of
fruits and vegetables per day.12,13 This estimate is far below
the recommendation for a minimum of 4.5 cup equivalents of
fruits and vegetables daily.14

The World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR) review the evidence
OURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1737
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RESEARCH SNAPSHOT

Research Question: Does adherence to World Cancer
Research Fund/American Institute for Cancer Research
Cancer Prevention Recommendations from Diet, Nutrition,
Physical Activity and Cancer: A Global Perspective (Third
Expert Report) differ among body mass index (BMI)
categories for US adults?

RESEARCH
continuously and provide recommendations for cancer pre-
vention. These recommendations include a daily dietary
pattern rich in whole grains, vegetables, fruits, and beans,
while limiting red and processed meat, consumption of “fast
foods,” and other processed foods high in fat, starches,
or sugars.1 The objective of this study was to determine
the extent to which US adults meet these evidence-based
recommendations, and how adherence differs by weight
status.
Key Findings: This cross-sectional study assessed 2005-2016
National Health and Nutrition Examination Survey (NHANES)
dietary intake data to describe US adult adherence to cancer
prevention recommendations. Adults with obesity consumed
significantly fewer fruits, nonstarchy vegetables, and whole
grains, and less dietary fiber than adults with normal BMI and
overweight. Adults with obesity consumed significantly more
red meat than those with normal BMI, and more processed
meat than those with normal BMI and overweight.
METHODS
Dietary intake data from 30,888 adults 18 years and older,
who were not pregnant, with complete dietary intake and
body mass index (BMI) data from 2007-2016 National Health
and Nutrition Examination Survey (NHANES)15 were
analyzed to examine the proportion of US adults meeting
WCRF/AICR recommendations for cancer prevention by
weight status.1 The Centers for Disease Control and Preven-
tion conducts NHANES to regularly assess the health and
nutritional status of the noninstitutionalized US population.
Using stratified randomized sampling, a nationally repre-
sentative sample of adults of all ages was obtained with
oversampling of underserved and hard-to-reach populations.
These cross-sectional data were collected in 2-year cycles
using a multistage, random sampling approach. Interviews
were conducted to obtain information about health status,
disease history, and diet, including 24-hour dietary recalls. A
mobile examination center visit was used to perform health
examinations and to collect dietary recalls.15

Dietary intake data were obtained from participants via the
first 24-hour dietary recall collected in the mobile examina-
tion center using the 5-step Automated Multiple-Pass
Method (capturing midnight to midnight).16 The Automated
Multiple-Pass Method was used to increase accuracy of the
data from participants’ self-reports by using multiple passes
through the previous day of eating and using cues to help
participants correctly remember the foods they consumed.
Nutrients and MyPlate17 intake equivalents for plant foods
and animal foods were estimated using US Department of
Agriculture’s Food and Nutrient Database for Dietary
Studies18 and the Food Patterns Equivalents Database.13

To assess weight status, BMI data from height and weight
measured in the mobile examination center were used. Par-
ticipants were placed into the following categories based on
BMI: normal BMI (18.5-24.9), overweight (25-29.9), and
obese (�30).19 As the focus of the study was obesity, and
because of the limited sample size for nationally represen-
tative estimates, adults classified as underweight were
excluded from the analyses.
Aligning with the study objective, cancer-related dietary

factors were operationalized for analysis. Specifically, the
plant-related dietary factors examined were dietary fiber
intake (grams per day), total fruit, total nonstarchy vegetable
intakes (including legumes, reported as cup equivalents
[hereafter cups] per day), and whole-grain intake (ounce
equivalents [hereafter oz] per day). Fruit and vegetable con-
sumption was further assessed as total cups per day
(including whole fruit, fruit juice, dark green vegetables, red
and orange vegetables, legumes, starchy vegetables, and total
fruit and nonstarchy vegetables). Calculations were
completed to determine the proportion of US adults that
1738 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
reported eating at least 30 g of dietary fiber, 2.5 total cups of
fruits and nonstarchy vegetables (corresponding to the
WCRF/AICR recommendation of 5 servings of fruits and
vegetables per day), and 1 oz of whole grains per day (cor-
responding to the WCRF/AICR recommendation of
consuming at least 25 g of nonstarch polysaccharide per day
from unprocessed grains and/or pulses).
Animal-based dietary factors were quantified as intakes of

red meat and processed meat, converted into ounces per day.
Red meat included beef, veal, pork, lamb, mutton, and goat,
excluding organ meat and all cured meats. Red meat con-
sumption was compared to the WCRF/AICR recommenda-
tions of less than 12 oz/week (ie, <1.71 oz/d), as well as the
WCRF/AICR recommendation of less than 18 oz/week (ie,
<2.57 oz/d). Processed meat (eg, frankfurters, sausages, and
corned beef) was also quantified individually and compared
across weight status.
Lastly, the WCRF/AICR recommendation to “limit con-

sumption of ‘fast foods’ and other processed foods high in fat,
starches or sugars” was operationalized by quantifying con-
sumption of total fat, saturated fat, added sugars (total grams
and percent of total energy), fast food, and refined grains.
Fast-food consumption was determined based on whether
fast food was reportedly consumed on the day of intake.
Consumption of energy, total fat, saturated fat, and added
sugars was further broken down by consumption of fast food
defined by the food source origin, as well as for food or
beverages from US Department of Agriculture food cate-
gories20 of mixed dishes, snacks and sweets, and sugar-
sweetened beverages (SSBs, including beverages as combi-
nation foods21). All procedures were approved by the Centers
for Disease Control and Prevention; research with de-
identified data is exempt from The Ohio State University
Institutional Review Board review and per federal regulation
45 46.101(b) CFR.

Data Analysis
Differences in adherence to dietary recommendations across
obesity status were analyzed using 1-way analysis of
covariance and logistic regression, and controlled for age, sex,
race/ethnicity, and family income as a percent of the federal
September 2022 Volume 122 Number 9



Table 1. Proportion of U.S. adults meeting American Institute for Cancer Research recommendations by weight status based on
NHANESa 2005-2016b

Recommendation and quantity

Normal
BMI,c n (%)
(n [ 9,139)

Overweight (n [ 10,263) Obese (n [ 11,486)

Sample n
(weighted
population %) 99% ORd

Sample n
(weighted
population %) 99% OR

Dietary fiber

<30 g/d 8,214 (88.7) 9,253 (89.7) Referent 10,528 (91.7) Referent

�30 g/d 925 (11.3) 1,010 (10.3) 0.82 (0.66-0.99) 958 (8.3) 0.69 (0.57-0.85)

Fruit and nonstarchy vegetables

<2.5 cup eqe/d 5,919 (62.8) 6,690 (64.5) Referent 8,081 (70.1) Referent

�2.5 cup eq/d 3,220 (37.2) 3,573 (35.5) 0.88 (0.78-0.98) 3,405 (29.9) 0.71 (0.61-0.82)

Whole grains

<1 oz eq/d 6,567 (67.9) 7,437 (70.2) Referent 8,635 (73.1) Referent

�1 oz eq/d 2,572 (32.1) 2,826 (29.8) 0.85 (0.74-0.97) 2,851 (26.9) 0.74 (0.66-0.83)

Red meatf

<12 oz/wk 4,718 (52.0) 5,010 (47.1) Referent 5,396 (44.6) Referent

12-18 oz/wk 1,057 (11.3) 1,213 (11.4) 1.06 (0.91-1.25) 1.390 (12.0) 1.22 (1.02-1.45)

>18 oz/wk 3,364 (36.7) 4,040 (41.6) 1.16 (1.04-1.3) 4,700 (43.5) 1.42 (1.28-1.58)

Consumed fast foodg

Yes 3,061 (32.8) 3,344 (33.6) 1.15 (1.01-1.30) 4,162 (35.9) 1.32 (1.16-1.49)

No 6,078 (67.2) 6,919 (66.4) Referent 7,324 (64.1) Referent

aNHANES ¼ National Health and Nutrition Examination Survey.
bSample includes adults for whom data were complete, excluding underweight (BMI <18.5) and pregnant women.
cBMI ¼ body mass index.
dOR ¼ odds ratio (obtained from logistic regression) and 99% CI for meeting cancer prevention recommendations, adjusted for age, sex, race/ethnicity, and family income as a percent of
the federal poverty rate,22 normal BMI as referent group.
eeq ¼ MyPlate17 equivalents.
fRed meat includes beef, veal, pork, lamb, and game meat.
gDetermined based on whether fast food was reportedly consumed on the day of intake.
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poverty rate.22 Adherence levels were further compared with
the recommendations established by WCRF/AICR for cancer
prevention using odds ratios (99% CIs). Mean and standard
error were reported for all variables and significance was
measured at P < .01. All analyses were carried out using IBM
SPSS Complex Samples, version 24.23 The data were weighted
to provide a nationally representative sample. In addition,
consideration of the sample design along with using the
weights, as was done in this study, lessens the chance of type
I error.
RESULTS
The cohort of 30,888 adults 18 years or older consisted of
30.7% of adults with normal BMI, 33.4% with overweight, and
35.9% with obesity; 69.3% of the cohort had a BMI classifying
them as overweight or obese. Adults with obesity were
significantly less likely to meet the daily recommendations of
30 g of dietary fiber (odds ratio [OR] 0.69; 99% CI 0.57 to
0.85), 2.5 cups of fruit and nonstarchy vegetables (OR 0.71;
99% CI 0.61 to 0.82), and at least 1 oz whole grains (OR 0.74;
99% CI 0.66 to 0.83) (Table 1). A large majority of adults,
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regardless of BMI, fell short of the recommended consump-
tion of 30 g of dietary fiber daily (88.7% of adults with normal
BMI, 89.7% with overweight, and 91.7% with obesity). Overall,
36.7% of adults with normal BMI, 41.6% of those with over-
weight, and 43.5% of those with obesity exceeded the red
meat recommendation. Adults with obesity were more likely
to exceed the recommendation to limit red meat to less than
18 oz/week (2.57 oz/d) (OR 1.42; 99% CI 1.28 to 1.58), and to
have consumed fast food on the day of intake (OR 1.32; 99% CI
1.16 to 1.49).
More specifically, adults with obesity consumed signifi-

cantly fewer cups of total fruits than those with normal BMI
and overweight (P < .001), and consumed significantly fewer
cups of whole fruit and dark green vegetables compared with
those with overweight (Table 2). In addition, adults with
obesity consumed significantly more starchy vegetables
compared with those with normal BMI and overweight (P <
.001). Adults with normal BMI consumed significantly more
nonstarchy vegetables than those with overweight and
obesity (P ¼ .001). There were no significant differences in
legume consumption. Adults with obesity consumed signifi-
cantly fewer whole grains compared with those with normal
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1739



Table 2. Differences in dietary intakes related to the American Institute of Cancer Research recommendations by weight status
in U.S. adults based on NHANESa 2005-2016b

Dietary component
Normal BMIc

(n [ 9,139)
Overweight
(n [ 10,263)

Obese
(n [ 11,486) P valued

 ��������������meane (SEf)��������������!
Dietary fiber (g) 17.9 (0.21)yz 16.9 (0.19)z 16.3 (0.17) <.001

Total fruit (cup eqg)h 1.1 (0.02)yz 1.0 (0.02)z 0.9 (0.02) <.001

Whole fruit 0.76 (0.02) 0.69 (0.02)z 0.58 (0.01)

Fruit juice 0.34 (0.01) 0.31 (0.01) 0.29 (0.01)

Total nonstarchy vegetables; includes
legumes (cup eq)

1.3 (0.03)yz 1.2 (0.02) 1.2 (0.02) .001

Dark green vegetables 0.17 (0.01) 0.16 (0.01)z 0.13 (0.01)

Red and orange vegetables 0.41 (0.01) 0.39 (0.01) 0.38 (0.01)

Legumes 0.14 (0.01) 0.13 (0.01) 0.13 (0.01)

Starchy vegetables (cup eq) 0.42 (0.01)z 0.42 (0.01)z 0.47 (0.01) <.001

Fruit and nonstarchy vegetables (cup eq) 2.4 (0.04)yz 2.2 (0.03)z 2.1 (0.03) <.001

Whole grains (oz eq) 0.93 (0.03)yz 0.83 (0.02)z 0.74 (0.02) <.001

Refined or nonewhole grains (oz eq) 5.8 (0.06)z 5.7 (0.06)z 6.0 (0.06) .003

Beef, veal, pork, lamb, game meat (oz) 1.6 (0.04)z 1.7 (0.04) 1.8 (0.04) <.001

Processed meat (oz) 0.89 (0.03)z 0.97 (0.03)z 1.09 (0.03) <.001

Total fat (g) 80.2 (0.69)z 81.1 (0.6)z 83.9 (0.68) <.001

Saturated fat (g) 25.9 (0.26)z 26.3 (0.21)z 27.3 (0.26) <.001

Added sugars (g) 70.5 (1.1) 69.8 (0.9) 71.2 (1.0) .482

Added sugars (% of energy) 12.7 (0.18) 12.8 (0.16) 13.0 (0.13) .321

aNHANES ¼ National Health and Nutrition Examination Survey.
bSample includes adults for whom data were complete, excluding underweight (BMI <18.5) and pregnant women.
cBMI ¼ body mass index.
dObtained from 1-way analysis of covariance.
eAdjusted for age, sex, race/ethnicity, and family income as a percent of the federal poverty rate.22
fSE ¼ standard error.
geq ¼ MyPlate17 equivalents.
hTotal fruit includes total intact fruits, cut fruits, and fruit juices (cup eq).
ySignificantly different from overweight.
zSignificantly different from obese.
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BMI and overweight (P < .001), and more refined grains (P ¼
.003). Adults with obesity also consumed significantly less
dietary fiber compared with those with normal BMI and
overweight (P < .001). Red meat intakes were significantly
higher among adults with obesity compared with adults with
normal BMI (P < .001), and intakes of processed meat were
significantly higher among adults with obesity compared
with both those with normal BMI and with overweight (P <

.001). Lastly, no significant difference existed in total amount
in grams of or percent of energy from added sugars across
weight status. However, mean intakes from all groups were
greater than the national recommendation of fewer than 10%
of total energy from added sugars.14

Regarding the recommendation to limit consumption of
fast foods and other processed foods high in fat or sugars,
adults with obesity obtained more saturated fat from fast
food than adults with normal BMI (P < .001) (Table 3). In
addition, adults with obesity obtained more calories, total fat,
1740 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
and saturated fat from mixed dishes compared with adults
with normal BMI and overweight (all P � .002). Lastly, adults
with obesity consumed significantly more added sugars from
beverages compared with adults with normal BMI and
overweight (P < .001).
DISCUSSION
This study indicates the majority of US adults are not
adhering to the evidence-based recommendations for cancer
prevention, and adults with obesity demonstrate lower
concordance compared with those with normal BMI or
overweight. A dietary pattern consistent with the evidence-
based recommendations involves a diet rich in a variety of
plant foods containing phytochemicals and dietary fiber, as
well as nutrient-dense foods, collectively contributing to both
weight status and cancer risk.24 In this study, fruit and
vegetable consumption for all US adults fell short of current
September 2022 Volume 122 Number 9



Table 3. Differences in mean intakes of dietary components obtained from targeted food categories from the American
Institute of Cancer Research recommendations by weight status in US adults based on NHANESa 2005-2016b

Dietary
component

Targeted food
category

Normal BMIc

(n [ 9,139)
Overweight
(n [ 10,263)

Obese
(n [ 11,486) P valued

 ����������������meane (SEf)����������������!
Energy (kcal) Fast foodg 779 (13)yz 841 (14)z 891 (14) <.001

Mixed dishesh 649 (8)z 658 (8)z 696 (11) .002
Snacks and sweetsh 411 (6) 400 (5) 407 (6) .876

Total fat (g) Fast foodg 34.5 (0.7) 38.5 (0.7)z 41.1 (0.8) <.001
Mixed dishesh 28.4 (0.4)yz 29.7 (0.4)z 31.7 (0.6) <.001
Snacks and sweetsh 18.1 (0.3) 17.7 (0.3) 18.2 (0.3) .448

Saturated fat (g) Fast foodg 11.3 (0.2)yz 12.7 (0.3) 13.5 (0.3) <.001
Mixed dishesh 9.6 (0.2)yz 10.2 (0.2)z 10.9 (0.2) <.001
Snacks and sweetsh 6.1 (0.1) 5.9 (0.1) 6.1 (0.1) .449

Added sugars (g) Fast foodg 25.1 (0.8) 26.2 (0.8) 27.1 (0.7) .216
Snacks and sweetsh 23.7 (0.5) 23.2 (0.5) 22.9 (0.5) .527
Beveragesh 52.5 (1.1)z 54.0 (1.0)z 59.1 (1.1) <.001

aNHANES ¼ National Health and Nutrition Examination Survey.
bSample includes adults for whom data were complete, excluding underweight (BMI <18.5) and pregnant women.
cBMI ¼ body mass index.
dObtained from 1-way analysis of covariance.
eAdjusted for age, sex, race/ethnicity, and family income as a percent of the federal poverty rate.22
fSE ¼ standard error.
gDetermined based on whether fast food was reportedly consumed on the day of intake.
hBased on What We Eat in America Food Categories.20
ySignificantly different from overweight.
zSignificantly different from obese.

RESEARCH
cancer prevention recommendations, with adults with
obesity consuming significantly less than those with normal
BMI or overweight. Consumption of dark green vegetables,
red and orange vegetables, and legumes totaled less than 1
cup/d for all adults, with total nonstarchy vegetables reaching
1 cup/d. The combined intake of nonstarchy vegetables and
fruits was determined to be approximately 2 cups/d. This falls
short of both the WCRF/AICR recommendation for cancer
prevention (400 g), as well as additional literature doc-
umenting the benefits of 600 g of fruits and vegetables per
day (7.5 cup equivalents/d), with some literature suggestive
of a doseeresponse relationship.25,26

The majority of US adults did not meet the recommenda-
tion for whole grains or dietary fiber intake in this study, with
dietary fiber intake approximately half of the recommenda-
tion for all weight categories. Further inspection of these data
indicate all adults, regardless of weight status, consumed
nearly 6 oz of refined grains vs less than 1 oz of whole grains.
Similar to fruits and vegetables, whole grains and dietary fi-
ber have been linked to weight status, as well as decreases in
cancer risk due to their anticarcinogenic properties, particu-
larly for digestive cancers, with an inverse relationship be-
tweenwhole-grain intake and several cancers.27-29 A growing
body of evidence has begun to elucidate the specific mech-
anisms by which dietary fiber mediates cancer risk, including
alterations in systemic inflammation and the microbiome.25

Although a key source of several micronutrients (ie, zinc,
vitamin B-12, and iron), red and processed meat, particularly
September 2022 Volume 122 Number 9 JO
when consumed in excess, can contribute energy and satu-
rated fat that increases risk of weight gain.30-32 In addition,
various cooking and processing methods (eg, smoking,
salting, curing, and high-temperature cooking) increase
consumption of carcinogenic compounds, including hetero-
cyclic amines and polycyclic aromatic hydrocarbons, thus
increasing cancer risk.1,31 As such, processed meat has been
classified as a convincing risk factor for colorectal cancer and
red meat as a probable risk factor, each of which can be
further exacerbated by suboptimal fruit and vegetable con-
sumption.1,33,34 Despite these accumulating data, many US
adults do not meet the guidelines for red and processed meat
consumption, nor do they meet the guidelines for protective
plant-based foods. For example, the data presented here
indicate that although, on average, adults, regardless of
weight status, consume nearly 2 oz of red meat and
approximately 1 oz of processed meat per day, there is far less
reliance on plant-based protein sources, such as legumes.
The current guidelines emphasize the need to decrease

consumption of fast foods and other processed foods high in
fat, starches, or sugars. These dietary components, some of
which may be ultraprocessed and characteristic of a Western
dietary pattern, have been shown to contribute to excess
energy intake and weight gain, and are associated with a 10%
increased risk of obesity-related cancers.1,35,36 Nearly all of
the adults in this study consumed such energy-dense foods,
including fast food, mixed dishes, snacks, and sweets,
although there appeared to be a positive trend in intakes of
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energy, total fat, and saturated fat from fast food and
mixed dishes by weight status, suggesting overreliance on
these foods. In addition, although consumption of added
sugars alone did not trend similarly with weight status,
SSBs did, supporting existing data documenting that SSBs
remain a significant source of added sugars in the diets
of US adults, and can contribute to weight gain.37,38

Beyond the risk associated with weight gain, excessive
consumption of added sugars, including SSBs, can also in-
crease risk of certain cancers, particularly among high-risk
individuals.38,39

This study has limitations that must be considered when
interpreting the results. First, the dietary intakes may not
represent usual intakes and did not account for differences on
weekdays or weekends. Similarly, an inherent limitation in-
cludes reliance on self-reported dietary intakes. Existing
literature indicates misreporting of dietary intakes might be
related to weight status, with individuals of higher BMI
underreporting energy and total food intakes, and potential
underreporting of specific food groups.40-42 Despite this
limitation, the authors still found differences by weight status
that favored the dietary patterns of adults with normal BMI
relative to those of adults with overweight or obesity. In
addition, these intakes cannot be interpreted as the cause of
obesity or direct cancer risk, but do show patterns of how
current intakes differ from evidence-based recommendations
based on the day of intake across weight status. Finally, BMI
values might not be an accurate representation of body
composition and did not account for women who were
lactating. However, BMI has been strongly linked to cancer
risk in existing literature.4 The strengths of this study include
the large sample size used and nationally represented data,
which speak to generalizability. As such, the findings from
the present study can be used to support the development of
individual and public health interventions, and to identify
areas for dietary improvement to create targetable strategies
to promote cancer prevention using key focus areas of need,
especially by weight status.
CONCLUSIONS
Overall, the majority of US adults, regardless of weight status,
are not meeting WCRF/AICR recommendations for cancer
prevention. However, adults with obesity fall short of these
recommendations significantly more often than those with
normal BMI or overweight. Due to excess body fatness, adults
with obesity are already at an increased risk for the devel-
opment of cancer, a risk that is likely exacerbated by sub-
optimal dietary patterns. Dietary intakes are a lifestyle factor
that should be addressed by clinicians in regard to cancer
prevention. Future research should evaluate cancer risk
resulting from both obesity and dietary patterns inconsistent
with current evidence-based guidelines, and inform targeted
interventions to address these issues.
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Standards of Practice
Academy of Nutrition and Dietetics: Revised
2022 Standards of Practice and Standards of

Professional Performance for Registered Dietitian
Nutritionists (Competent, Proficient, and Expert)
in Public Health and Community Nutrition
Meg Bruening, PhD, MPH, RD; Sandra Perkins, MS, RDN/LD; Adrienne Udarbe, MS, RDN
ABSTRACT
Awareness of the social determinants of health has been increasing in recent years. These include equitable access to health care and
foods that support healthy eating patterns. A wide range of issues related to these determinants influence practice in the public health
and community nutrition field. In response to these evolving needs, the Public Health and Community Nutrition Dietetic Practice Group,
with guidance from the Academy of Nutrition and Dietetics Quality Management Committee, has developed Standards of Practice and
Standards of Professional Performance as a tool for Registered Dietitian Nutritionist (RDNs) currently in practice or interested in working
in public health and community nutrition, to assess their current skill levels and to identify areas for professional development. The
Standards of Practice address the four steps of the Nutrition Care Process for community and public health RDNs: assessment, diagnosis,
intervention, and evaluation/monitoring. The Standards of Professional Performance consists of six domains of professional performance
for community and public health RDNs: Quality in Practice, Competence and Accountability, Provision of Services, Application of
Research, Communication and Application of Knowledge, and Utilization and Management of Resources. Within each standard, specific
indicators provide measurable action statements that illustrate the ways in which RDNs can address population nutrition and health.
The indicators describe three skill levels (Competent, Proficient, and Expert) for RDNs. These tools highlight the unique scope of
expertise that RDNs provide to the field of public health and community nutrition.
J Acad Nutr Diet. 2022;122(9):1744-1763.
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FROM THE ACADEMY
OVERVIEW
Nutrition and health have a close rela-
tionship. Proper nutrition is vital for
growth and development. However,
most people in the United States do not
consume foods consistent with healthy
eating patterns; specifically, ones that
include a variety of fruits and vegeta-
bles, whole grains, fat-free or low-fat
dairy, proteins, and oils.5 Diets that are
not nutrient-dense are of particular
concern among certain populations
throughout the life course, especially
during transitional periods.6 For
example, the first 1,000 days are some
of the most critical to promoting the
long-term health of a child.7,8 When
reviewing mortality, five of the six
leading causes of death among the
American population are related to
poor-quality eating patterns: coronavi-
rus disease 2019 (COVID-19), cardio-
vascular disease, stroke, type 2 diabetes,
and some forms of cancer.5,9

Social determinants of health
(SDoH), which are the conditions in
which people are born, live, learn,
work, play, worship, and age10

continue to drive nutrition-related
health disparities and chronic dis-
ease among populations and in-
dividuals. Access to food persists as
an ongoing issue in the United States
and abroad, with 10.5% of households
facing food insecurity in the United
States11 and 22% of children are
stunted globally.12

The COVID-19 pandemic highlighted
the need for preventative nutrition that
promotes population health.13 Public
health models incorporating policy,
systems, and environment initiatives
that address SDoH allow RDNs to
have a greater influence on the root
causes of nutrition inequities. SDoH,
which include but are not limited to
racism, sexism, homophobia, ethnic
“Community nutrition encompasses indi-
vidual and interpersonal-level in-
terventions that create changes in
knowledge, attitudes, behavior, and
health outcomes among individuals,
families, or small, targeted groups within
a community setting.”10

“Public health nutrition is the applica-
tion of nutrition and public health prin-
ciples to design programs, systems,
policies, and environments that aims to
improve or maintain the optimal health of
populations and targeted groups.”10
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discrimination, religious discrimina-
tion, socioeconomic, or other identity
issues have intersecting and additive
effects. This can influence food and
nutrition security along with dietary
intake, which are the cornerstones to
the practice of PHCN RDNs. In under-
standing SDoH for populations and in-
dividuals, it is important that everyone
has the opportunity to gain full po-
tential in their health—or health eq-
uity.10 The work to move the
conversation from food security to
nutrition security14 is one that is
grounded in health equity. RDNs know
that food security should not simply be
about access to any food as an energy
source. To promote health and well-
being, populations and individuals
need access to healthy, high-quality
nutritious foods that are culturally
accepted. By nature, PHCN RDNs work
as part of interprofessional teams. To
effect public health, PHCN RDNs must
collaborate and cooperate to address
SDoH and health equity. To influence
policy and upstream interventions,
RDNs must be at the table with other
professionals, community partners,
and community members, advocating
and providing evidence for change.
In promoting health equity, current

best practices in PHCN call for high
engagement of those from the com-
munity in their own care and services
(see Figure 115). Basing practice on an
assets model16 that values the lived
experiences, cultural knowledge, and
preferences of the populations with
whom RDNs work will result in more
sustainable outcomes.17,18 PHCN aims
for a developmental approach in pro-
gressively increasing the extent to
which community members are
engaged in planning interventions
within their own communities. This
follows a continuum from being merely
informed of these, and engaging as
participants, to being empowered to
fully collaborate as full partners and
leaders.19,20 By providing populations
and individuals with more agency over
their nutritional health, better out-
comes are achieved.
Often, public health nutrition pro-

grams are centered around individuals
experiencing poverty and food/nutri-
tion insecurity. Poverty and food/
nutrition insecurity are examples of
traumatic experiences and additive ef-
fects of SDoH that influence well-
being. Understanding how
JOURNAL OF THE ACADE
experiencing trauma, including com-
munity trauma, influences health and
behaviors is critical for working in
PHCN.21,22 A competent practitioner
reflects on the implications of individ-
ual and population trauma and in-
tegrates this understanding into his or
her contributions to policy develop-
ment, planning, and program leader-
ship. A proficient practitioner is
trauma-sensitive and trauma-
responsive with skill development in
practice and application and an expert
practitioner is trauma-informed
through the integration of policies,
planning, and leadership commitment
to the intersection of trauma science
with nutrition science.

Natural disasters, global pandemics,
forest fires, and climate change all
exacerbate disparities in public health,
influencing food systems, food supply
chains, labor shortages, and general
access to food.23-26 Globally, social and
political unrest drive an influx of ref-
ugees and asylum seekers expected to
increase the need for PHCN services in
regions receiving these people. This
includes assistance in navigating
nutrition/food assistance programs and
access to healthy and culturally
appropriate foods. With increasing
frequency of public health emergen-
cies, there is a greater need for RDNs
trained and prepared to provide
nutrition-related services to vulnerable
populations. For example, schools
became a convening point during the
COVID-19 pandemic through their
implementation of the Pandemic-
Supplemental Nutrition Assistance
Program (P-SNAP). SNAP-eligible fam-
ilies and those participating in the
National School Lunch Program were
able to access food for the whole
family in new ways. Other PHCN RDNs
pivoted to provide leadership and
management oversight in COVID-19
response for their state or county.
RDNs, especially those trained and
working in public health, are well
equipped to support public health
emergencies.

There is a long history of PHCN on a
global scale. Nutritionists work
with international nongovernmental
organizations, public health organiza-
tions, ministries of health, the Food and
Agriculture Organization of the United
Nations, as well as the World Health
Organization to provide food and
nutrition services across the world.
MY OF NUTRITION AND DIETETICS 1745
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Figure 1. The 10 Essential Public Health Services. Used with permission from the Centers for Disease Control and Prevention (CDC).
Material available on CDC website for no charge. Reference to specific commercial products, manufacturers, companies, or
trademarks does not constitute its endorsement or recommendation by the US Government, Department of Health and Human
Services, or Centers for Disease Control and Prevention.

FROM THE ACADEMY
There is no global designation for
RDNs, but the Academy strategic plan
includes having a global influence in
eliminating all forms of malnutrition.27

PHCN RDNs are exceptionally qualified
to support mitigation and elimination
of acute and chronic malnutrition,
ensuring that trauma-informed,
culturally relevant, harm-reducing
care is provided. PHCN RDNs work at
the systems and policy levels to
address global nutrition-related dis-
ease prevention.
Population health is a term that is

increasing in popularity.28 Sometimes
the term population health is used
interchangeably with public
health,29,30 although there is no
consensus on the term population
health.31 For the purposes of this pub-
lication, the terms will be used
interchangeably.
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RDNs in PHCN are charged with
applying nutrition in supporting the
health of populations (eg, gender
diverse individuals,32 refugees,33 in-
dividuals effected by climate change,34

and aging and disabled individuals35).
Among the many roles and sectors
where RDNs work, community RDNs
may work with families to develop
healthy eating behaviors, help mothers
develop breastfeeding skills, advise and
create community programs and sys-
tems, and advocate on behalf of their
clients and communities at the local,
state, tribal, and federal levels. Public
health RDNs work at systems levels to
coordinate cross-sector services,
including nutrition policy, programs,
and environments. RDNs work collab-
oratively across all sectors, including
health, education, government, non-
profits, and industry, to understand the
TION AND DIETETICS
complex factors that impact population
and individual health and to promote
health equity and disease prevention
for the populations with whom they
work. Work is done in a variety of
interprofessional settings to provide
essential public health services in the
United States and globally. This in-
cludes assessment and diagnosis of
population health problems, grant
writing, development, management
and evaluation of intervention pro-
grams, generation of policy and
research, as well as administration of
nutrition education, counseling, and
training to populations and individuals
at all stages of prevention and across all
stages of the life course.

About 11% of RDNs currently report
that their primary practice area is
community nutrition—the majority of
whom work in Special Supplemental
September 2022 Volume 122 Number 9



Figure 2. Public health competencies.

FROM THE ACADEMY
Nutrition Program for Women, Infants,
and Children (WIC), but the demand
for RDNs with expertise in PHCN is
expected to dramatically increase in
the future.36 To meet the recom-
mended staffing ratio of one public
health nutritionist per 50,000 people,
there is an immediate need for a 113%
increase in the workforce. RDNs who
focus on prevention and wellness are
able to reduce health care expendi-
tures. Prevention is often significantly
less costly than treatment on the pop-
ulation level.37-40 The demand for
RDNs with unique expertise in PHCN is
increasing. A 2021 mixed-methods
study from the Academy indicated
that whereas RDNs have the capacity in
PHCN, existing dietetics education
models41 need more emphasis in
PHCN. This may require more under-
graduate education in public health
principles as well as more opportu-
nities for experiential learning in public
health. Representation from diverse
practitioners who have lived experi-
ence with the populations they serve is
critical for advancing nutrition health
equity within PHCN.42,43

PHCN RDNs have public health
competencies44-46 and skills that com-
plement and enhance their dietetics
practice. Figures 1 and 2 describe the
10 Essential Services of Public Health
and the 8 Public Health Competencies,
respectively. Although these public
health competencies and services do
not map directly to the SOP and SOPP,
there is significant overlap.47 One
example is the core competency in
public health of communication skills,
and Standard 5 in the SOPP is
Communication and Application of
Knowledge. Assessment is a core com-
petency and key service in public
health, nutrition assessment is the first
component of the Nutrition Care Pro-
cess and Standard 1 in the SOP. In
public health, it is also a core compe-
tency and key service in public health.
Areas that are innate to public health,
but not yet entry-level dietetics,
include but are not limited to systems
thinking and cultural competence.48

Whereas these competencies are
incorporated into other areas in di-
etetics (eg, Code of Ethics), these com-
petencies are at the forefront of
practice for a public health practitioner.
Similarly, health equity is at the core of
public health services and is integral to
every public health practice. It is a
September 2022 Volume 122 Number 9
PHCN RDN’s responsibility to ensure
that these factors are incorporated into
their dietetics practice. Other resources
related to PHCN practice are identified
in Figure 3.
ACADEMY QUALITY AND
PRACTICE RESOURCES
Scope of practice in nutrition and di-
etetics is composed of statutory and
individual components, includes the
code(s) of ethics (eg, Academy/CDR,
other national organizations, and/or
employers code of ethics), and en-
compasses the range of roles, activ-
ities, practice guidelines, and
regulations within which RDNs
perform. For credentialed practi-
tioners, scope of practice is typically
established within the practice act
and interpreted and controlled by the
agency or board that regulates the
practice of the profession in a given
state.4 An RDN’s statutory scope of
practice can delineate the services an
RDN is authorized to perform in a
state where a practice act or
JOURNAL OF THE ACADE
certification exists. For more infor-
mation, see https://www.eatrightpro.
org/advocacy/licensure/licensure-map.

The RDN’s individual scope of prac-
tice is determined by education,
training, credentialing, experience, and
demonstrating and documenting
competence to practice. Individual
scope of practice in nutrition and di-
etetics has flexible boundaries to cap-
ture the breadth of the individual’s
professional practice. Professional
advancement beyond the core educa-
tion and supervised practice to qualify
for the RDN credential provides RDNs
practice opportunities, such as
expanded roles within an organization.
Training and certification programs can
support attainment of these expanded
roles. Examples in PHCN include: the
Certificate of Training in Public Health
Nutrition from the Academy, Public
Health Nutrition Certificate of Training
from the Association of State Public
Health Nutritionists, the International
Board Certified Lactation Consultant
credential, and master’s degrees in
related areas such as master of public
MY OF NUTRITION AND DIETETICS 1747

https://www.eatrightpro.org/advocacy/licensure/licensure-map
https://www.eatrightpro.org/advocacy/licensure/licensure-map


Resource URL Description

Analytical and Assessment Skills

CDCb: NHANESc https://www.cdc.gov/nchs/nhanes/index.htm NHANES is a study that began in the 1960s and is designed to assess
the health and nutritional status of adults and children in the United
States. This website provides links to survey data and
documentation, publications and products, and data analysis
tutorials.

Community Tool Box, Center for
Community Health and Development,
University of Kansas

https://ctb.ku.edu/en/table-of-contents/
overview/models-for-community-health-and-
development/logic-model-development/main

The website provides an overview of the components and how to
develop logic models.

National Library of Medicine: Making Sense
of the Numbers: Understanding Risk and
Benefits. Communicating Numerical Health
Information

https://nnlm.gov/training/class-catalog/making-
sense-numbers-understanding-risks-and-
benefits-communicating

This webinar is designed to help participants improve
communication of health information that involves numeracy.

Northwest Center for Public Health Practice https://www.nwcphp.org/training/training-
search?keys¼&field_training_formats_
tid¼All&field_training_series_tid¼20&field_
training_competencies_tid¼All

This website provides a five-part series on the basic concepts in
public health data interpretation, analysis, and presentation useful in
community health assessments.

Trust for America’s Health https://www.tfah.org/ This website provides federal and state public health statistics,
including obesity, diabetes, breastfeeding rates, fruit/vegetable
intake, and physical activity.

Policy Development and Program Planning Skills

Academye Evidence Analysis Library https://www.andeal.org/ The Evidence Analysis Library is an online resource of systematic
reviews and evidence-based nutrition practice guidelines that
provides recommendations and guiding statements to assist RDNs in
providing evidence-based care. Each review includes a conclusion
statement with a grade that indicates the quality and extent of the
support evidence.

Academy of Nutrition and Dietetics
Foundation Prioritizing Food Security
Solutions

https://www.eatrightfoundation.org/why-it-
matters/public-education/food-security-
solutions/

This toolkit consists of a four-step Food Security Solutions
Prioritization Process that identifies the best solutions to improve
food security in the community using the resources available.

(continued on next page)

Figure 3. Resources for registered dietitian nutritionists (RDNs) in public health and community nutrition (PHCN) (not all inclusive).a aThis figure is structured by the Public
Health Foundation’s Eight Core Competencies in Public Health: http://www.phf.org/resourcestools/Pages/Competency_Assessments_For_Public_Health_Professionals.aspx.
bCDC ¼ Centers for Disease Control and Prevention. cNHANES ¼ National Health and Nutrition Examination Survey. dHP ¼ Healthy People. eAcademy of Nutrition and
Dietetics. eWIC ¼ Special Supplemental Nutrition Program for Women, Infants, and Children.
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Resource URL Description

Association of Maternal and Child Health
Programs: Innovation Hub

https://www.amchpinnovation.org/ This online platform provides tools and resources to explore, build,
and share successful and effective practices. It includes a searchable
repository of cutting-edge, emerging, promising, or best practices.

HPd 2030 Browse Evidence-Based
Resources

https://health.gov/healthypeople/tools-action/
browse-evidence-based-resources

This database features evidence-based resources, review articles,
toolkits, expert opinions, and relevant white papers. Database
information includes resource descriptions, evidence sources and
strength, related HP 2030 objectives, and connected PubMed
citations.

Maternal Child Health Evidence: Evidence
Tools

https://www.mchevidence.org/tools/strategies/ This database features resources and policies categorized according
to related Maternal Child Health National Performance Measures.
Database information includes resource descriptions, evidence
sources and strength, appropriate audiences, expected outcomes,
models, and suggested evaluation measures.

National Cancer Institute: Transforming
Research into Community and Clinical
Practice

https://rtips.cancer.gov/rtips/index.do This website provides a database featuring evidence-based
interventions to control and prevent cancer, as well as cancer-
associated modifiable risk-factors. Database information includes
resource descriptions, evidence strength based on external peer
reviewers’ ratings, appropriate audiences and settings, associated
products or materials, costs, and time demands.

US Department of Agriculture https://www.fns.usda.gov/
https://snapedtoolkit.org/interventions/find/
https://www.nutrition.gov/
https://wicworks.fns.usda.gov/

US Department of Agriculture has several websites that include fact
sheets, guidance documents, policy memos, webinars, curricula for
low-income populations, and related federal register documents and
resources for federal nutrition assistance programs. In addition, there
are tools to use in practice to help individuals make healthful eating
choices.

Communication Skills

Building Workforce Capacity in Public
Health Nutrition and Community Nutrition

https://www.eatrightstore.org/dpg-products/
phcn/building-workforce-capacity-in-public-
health-nutrition-and-community-nutrition

This Public Health and Community Nutrition Dietetic Practice Group
webinar describes the results of a study that examined the
preparedness and capacity of RDNs to work in public health and
community nutrition. The webinar includes the recording of a panel
discussion that addresses pragmatic ways to increase RDN interest in
and ability to pursue careers and leadership positions in public
health and community nutrition.

(continued on next page)

Figure 3. (continued) Resources for registered dietitian nutritionists (RDNs) in public health and community nutrition (PHCN) (not all inclusive).a aThis figure is structured by
the Public Health Foundation’s Eight Core Competencies in Public Health: http://www.phf.org/resourcestools/Pages/Competency_Assessments_For_Public_Health_
Professionals.aspx. bCDC ¼ Centers for Disease Control and Prevention. cNHANES ¼ National Health and Nutrition Examination Survey. dHP ¼ Healthy People. eAcademy
of Nutrition and Dietetics. eWIC ¼ Special Supplemental Nutrition Program for Women, Infants, and Children.
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Resource URL Description

Association of State Public Health
Nutritionists: See It. Say It. Share It.

https://www.seeitsayitshareit.org/ This website promotes the role and value of public health
nutritionists including tools, resources, and the Public Health
Nutrition Hall of Fame.

Community Dimensions of Practice Skills

Association of State Public Health
Nutritionists: Moving to the Future

https://movingtothefuture.org/ This website offers step-by-step instructions for conducting a
community assessment, writing objectives, developing a plan, and
evaluating a program, including downloadable forms, surveys,
worksheets, and opportunities for skill-building training programs
and webinars.

CDC: Community Health Online Resource
Center

https://wwwn.cdc.gov/chidatabase This CDC website provides a database of environment and system
change resources to decrease tobacco use and prevent obesity.
Database information includes resource descriptions, appropriate
audiences or settings, and related links.

Community Prevention Services Task
Force: The Community Guide

https://www.thecommunityguide.org/ A database featuring only evidence-based recommendations from
the Community Preventive Services Task Force, an independent
committee of public health experts. All recommendations are based
on systematic reviews of peer-reviewed literature. Database
information includes strength of evidence, economic value,
intervention resources, and implementation considerations.

Robert Wood Johnson Foundation: What
Works for Health

https://www.countyhealthrankings.org/take-
action-to-improve-health/what-works-for-
health

A database featuring programs and interventions to address
community needs. Database information includes intervention
descriptions, expected outcomes, influence on health disparities,
specific intervention evidence, strength of evidence, models, and
additional resources.

(continued on next page)

Figure 3. (continued) Resources for registered dietitian nutritionists (RDNs) in public health and community nutrition (PHCN) (not all inclusive).a aThis figure is structured by
the Public Health Foundation’s Eight Core Competencies in Public Health: http://www.phf.org/resourcestools/Pages/Competency_Assessments_For_Public_Health_
Professionals.aspx. bCDC ¼ Centers for Disease Control and Prevention. cNHANES ¼ National Health and Nutrition Examination Survey. dHP ¼ Healthy People. eAcademy
of Nutrition and Dietetics. eWIC ¼ Special Supplemental Nutrition Program for Women, Infants, and Children.
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Resource URL Description

Rural Health Information Hub https://www.ruralhealthinfo.org/project-
examples

Rural Health Information Hub features toolkits compiling evidence-
informed programs to improve rural health. Database information
includes intervention descriptions, why interventions work,
examples, implementation considerations, suggested evaluation
measures, and relevant resources.

Public Health Science Skills

American Public Health Association https://www.apha.org/ The American Public Health Association champions the health of all
people and communities. It provides resources on public health,
policy and advocacy, and specific topics such as health equity and
climate change. Resources include the American Journal of Public
Health, continuing professional education, fact sheets, and reports
and issue briefs.

CDC: Healthy Living https://www.cdc.gov/HealthyLiving/ This CDC website offers information on government resources and
knowledge on public health topics, life stages, and specific
populations.

CDC: National Public Health Improvement
Initiative

https://www.cdc.gov/stltpublichealth/nphii/
index.html

The CDC National Public Health Improvement Initiative supports
health departments in accelerating public health accreditation
readiness activities and implementing performance and
improvement management practices.

Public Health Foundation: Core
Competencies for Public Health
Professionals

http://www.phf.org/resourcestools/pages/core_
public_health_competencies.aspx

The Public Health Foundation Core Competencies for Public Health
Professionals were developed by the Council on Linkages Between
Academia and Public Health Practice and are a consensus set of skills
for the broad practice of public health.

Financial Planning and Management Skills

National Association of County and City
Health Officials: Public Health Finance

https://www.naccho.org/programs/public-
health-infrastructure/public-health-finance

National Association of County and City Health Officials developed a
website that includes an e-learning course on public health
infrastructure and resources on Public Health Financial Management
Competencies.

(continued on next page)

Figure 3. (continued) Resources for registered dietitian nutritionists (RDNs) in public health and community nutrition (PHCN) (not all inclusive).a aThis figure is structured by
the Public Health Foundation’s Eight Core Competencies in Public Health: http://www.phf.org/resourcestools/Pages/Competency_Assessments_For_Public_Health_
Professionals.aspx. bCDC ¼ Centers for Disease Control and Prevention. cNHANES ¼ National Health and Nutrition Examination Survey. dHP ¼ Healthy People. eAcademy
of Nutrition and Dietetics. eWIC ¼ Special Supplemental Nutrition Program for Women, Infants, and Children.
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Resource URL Description

Public Health Emergency Management
Fellowship

https://www.cdc.gov/cpr/eoc/
EmergencyManagementFellowship.htm

The CDC holds a twice per year Emergency Management Fellowship
that provides training, mentorship, and technical assistance for mid-
career professionals who work in public health preparedness.

Cultural Competency Skills

CDC: Social Determinants of Health: Know
What Affects Health

https://www.cdc.gov/socialdeterminants/ This website provides CDC resources with social determinants of
health data, research, tools for action, programs, and policy. It is
intended to be used by people in public health, community
organizations, research organizations, and health care systems to
improve community well-being.

HP 2030: Social Determinants of Health https://health.gov/healthypeople/objectives-
and-data/social-determinants-health

HP 2030 highlights the importance of addressing social
determinants of health and identifying ways to establish
environments that foster good health for all. The report includes an
overview, objectives, interventions and resources, and national
snapshots.

Michigan State University, Center for
Regional Food Systems:

www.canr.msu.edu/resources/structural_
racism_in_us_food_system

The website provides an annotated bibliography that provides
current research and outreach on structural racism in the US food
system for food system practitioners, researchers, and educators.

World Health Organization: Social
Determinants of Health

https://www.who.int/teams/social-
determinants-of-health

The World Health Organization Social Determinants of Health
website works to compile and disseminate evidence on how to
effectively address social determinants of health, build capacity, and
advocate for action. It offers facts, publications, and frequently asked
questions on applicable topics.

W.K. Kellogg Foundation https://www.racialequityresourceguide.org/ This website offers guides and workshops to provide structure for
having dialogue on issues of race, activities focused on helping
achieve racial equity, and trainings designed to raise awareness and
inspire action.

(continued on next page)

Figure 3. (continued) Resources for registered dietitian nutritionists (RDNs) in public health and community nutrition (PHCN) (not all inclusive).a aThis figure is structured by
the Public Health Foundation’s Eight Core Competencies in Public Health: http://www.phf.org/resourcestools/Pages/Competency_Assessments_For_Public_Health_
Professionals.aspx. bCDC ¼ Centers for Disease Control and Prevention. cNHANES ¼ National Health and Nutrition Examination Survey. dHP ¼ Healthy People. eAcademy
of Nutrition and Dietetics. eWIC ¼ Special Supplemental Nutrition Program for Women, Infants, and Children.
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Resource URL Description

Leadership and Systems Thinking Skills

Academy PHCN Practice Group https://www.phcnpg.org/ The PHCN practice group works to empower its members to be
leaders in the practice of public health and community nutrition. The
Dietetic Practice Group offers resources for RDNs such as an
electronic mailing list, newsletter, continuing professional education,
practitioner tools and resources, patient/consumer education, and
information on community/public health internships for students. Of
particular interest may be the Guide for Developing and Enhancing
Skills in Public Health and Community Nutrition and the
accompanying webinar: https://www.phcnpg.org/phcn/resources/
2018-3rd-edition-the-guide and https://www.eatrightstore.org/
dpg-products/phcn/training-our-workforce-a-new-guide-for-
training-public-health-and-community-nutrition-professionals.

Academy Public Health and Community
webpage

https://www.eatrightpro.org/practice/practice-
resources/public-health-and-community

This Academy webpage provides various links to resources
regarding public health and community nutrition. These include
links to the National Special Supplemental Nutrition Program for
Women, Infants and Children (WIC) Association, USDA Food and
Nutrition Service, and others.

Association of State Public Health
Nutritionists

https://www.asphn.org/ The Association of State Public Health Nutritionists mission is to
strengthen nutrition policy, programs, and environments for all
people through development of public health nutrition leaders and
collective action of members nationwide. It offers training, webinars,
toolkits, publications, and annual conferences. This website offers
links to webinars and trainings on public health nutrition initiatives,
success stories, resources, and more.

National WICf Association https://www.nwica.org/ The National WIC Association is the nonprofit education arm and
advocacy voice of WIC. This member-based website provides press
releases, blogs, advocacy guidance, resources, and education.

Figure 3. (continued) Resources for registered dietitian nutritionists (RDNs) in public health and community nutrition (PHCN) (not all inclusive).a aThis figure is structured by
the Public Health Foundation’s Eight Core Competencies in Public Health: http://www.phf.org/resourcestools/Pages/Competency_Assessments_For_Public_Health_
Professionals.aspx. bCDC ¼ Centers for Disease Control and Prevention. cNHANES ¼ National Health and Nutrition Examination Survey. dHP ¼ Healthy People. eAcademy
of Nutrition and Dietetics. eWIC ¼ Special Supplemental Nutrition Program for Women, Infants, and Children.
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FROM THE ACADEMY
health or master’s degree in public
administration, for example. The Scope
of Practice Decision Algorithm (www.
eatrightpro.org/scope) guides an RDN
through a series of questions to deter-
mine whether a particular activity is
within their scope of practice. The al-
gorithm is designed to assist an RDN to
critically evaluate their personal
knowledge, skill, experience, judg-
ment, and demonstrated competence
using criteria resources.49

The Centers for Medicare and
Medicaid Services (CMS), Department
of Health and Human Services, Hos-
pital50 and Critical Access Hospital51

Conditions of Participation now allow
a hospital and its medical staff the
option of including RDNs or other
clinically qualified nutrition pro-
fessionals within the category of “non-
physician practitioners” eligible for
ordering privileges for therapeutic di-
ets and nutrition-related services if
consistent with state law and health
care regulations. RDNs in hospital
settings interested in obtaining
ordering privileges must review state
laws (eg, licensure, certification, and
title protection), if applicable, and
health care regulations to determine
whether there are any barriers or
state-specific processes that must be
addressed. For more information, re-
view the Academy’s practice tips that
outline the regulations and imple-
mentation steps for obtaining ordering
privileges (http://www.eatrightpro.
org/dietorders/). For assistance, refer
questions to the Academy’s State
Affiliate organization.
Medical staff oversight of an

RDN(s) occurs in one of two ways. A
hospital has the regulatory flexibility
to appoint an RDN(s) to the medical
staff and grant the RDN(s) specific
nutrition ordering privileges, or can
authorize the ordering privileges
without appointment to the medical
staff. To comply with regulatory re-
quirements, an RDN’s eligibility to be
considered for ordering privileges
must be through the hospital’s med-
ical staff rules, regulations, and
bylaws, or other facility-specific
process.52 The actual privileges gran-
ted will be based on the RDN’s
knowledge, skills, experience, and
specialist certification, if required,
and demonstrated and documented
competence.
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The Long-Term Care Final Rule pub-
lished October 4, 2016 in the Federal
Register, now “allows the attending
physician to delegate to a qualified
dietitian or other clinically qualified
nutrition professional the task of pre-
scribing a resident’s diet, including a
therapeutic diet, to the extent allowed
by State law” and permitted by the
facility’s policies.53 The qualified pro-
fessional must be acting within the
scope of practice as defined by state
law; and is under the supervision of
the physician that may include, for
example, countersigning the orders
written by the qualified dietitian or
clinically qualified nutrition profes-
sional. RDNs who work in long-term
care facilities should review the Aca-
demy’s updates on CMS that outline
the regulatory changes to §483.60 Food
and Nutrition Services (https://www.
eatrightpro.org/practice/quality-manage
ment/national-quality-accreditation-
and-regulations/centers-for-medicare-
and-medicaid-services). Review the
state’s long-term care regulations to
identify potential barriers to imple-
mentation and identify considerations
for developing the facility’s processes
with the medical director and for
orientation of attending physicians.
The CMS State Operations Manual,
Appendix PP-Guidance for Surveyors
for Long-Term Care Facilities contains
the revised regulatory language (new
revisions are italicized and in red co-
lor).54 CMS periodically revises the
State Operations Manual Conditions of
Participation; obtain the current infor-
mation at https://www.cms.gov/files/
document/appendices-table-content.
pdf.
The Academy’s Revised 2017 SOP in

Nutrition Care and SOPP for RDNs2

reflect the minimum competent level
of nutrition and dietetics practice and
professional performance. The core
standards serve as blueprints for the
development of focus area SOP and
SOPP for RDNs in competent, proficient,
and expert levels of practice. The SOP in
Nutrition Care is composed of four
standards consistent with the Nutrition
Care Process and clinical workflow ele-
ments as applied to the care of patients/
clients/populations in all settings.55 The
SOPP consists of standards representing
six domains of professional perfor-
mance: Quality in Practice, Competence
and Accountability, Provision of
TION AND DIETETICS
Services, Application of Research,
Communication and Application of
Knowledge, and Utilization and Man-
agement of Resources. The SOP and
SOPP for RDNs are designed to promote
the provision of safe, effective, efficient,
equitable, and quality food and nutri-
tion care and services; facilitate
evidence-based practice; and serve as a
professional evaluation resource.

These focus area standards for RDNs
in PHCN provide a guide for self-
evaluation and expanding practice, a
means of identifying areas for profes-
sional development, and a tool for
demonstrating competence in deliv-
ering PHCN care and services. They are
used by RDNs to assess their current
level of practice and to determine the
education and training required to
maintain competency in their focus area
and advancement to a higher level of
practice. In addition, the standards can
be used to assist RDNs with maintaining
minimum competence in the focus area
and by RDNs transitioning their knowl-
edge and skills to a new focus area of
practice. Like the Academy’s core Stan-
dards of Practice in Nutrition Care and
Standards of Professional Performance
for Registered Dietitian Nutritionists,2

the indicators (ie, measurable action
statements that illustrate how each
standard can be applied in practice) (see
Figures 4 and 5, available at www.
jandonline.org) for the SOP and SOPP
for RDNs in PHCN were revised with
input and consensus of content experts
representing diverse practice and
geographic perspectives. The SOP and
SOPP for RDNs in PHCN were reviewed
and approved by the Executive Com-
mittee of the PHCN DPG and the Acad-
emy Quality Management Committee.
THREE LEVELS OF PRACTICE
The Dreyfus model57 identifies levels of
proficiency (novice, advanced
beginner, competent, proficient, and
expert) (refer to Figure 6) during the
acquisition and development of
knowledge and skills. The first two
levels are components of the required
didactic education (novice) and super-
vised practice experience (advanced
beginner) that precede credentialing
for nutrition and dietetics practi-
tioners. Upon successfully attaining the
RDN credential, a practitioner enters
professional practice at the competent
September 2022 Volume 122 Number 9
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FROM THE ACADEMY
level and manages their professional
development to achieve individual
professional goals. This model is help-
ful in understanding the levels of
practice described in the SOP and SOPP
for RDNs in PHCN. In Academy focus
areas, the three levels of practice are
represented as Competent, Proficient,
and Expert.
With safety and evidence-based prac-
tice10 as guiding factors when working
with patients/clients/customers/pop-
ulations, a registered dietitian nutritionist
(RDN) identifies the level of evidence,
clearly states research limitations, pro-
vides safety information from reputable
sources, and describes the risk of the in-
tervention(s), when applicable.

The Academy offers the Evidence
Analysis Library (www.andeal.org/) as a
resource, which provides a synthesis of
systematic reviews on a variety of nutri-
tion and dietetics topics, including health
disparities, HIV/AIDS, obesity, reproduc-
tion, and pregnancy. The RDN is respon-
sible for searching literature and
assessing the level of evidence to select
the best available evidence to inform
recommendations. RDNs must evaluate
and understand the best available evi-
dence to converse authoritatively with
the interprofessional team and
adequately involve the patient/client/
customer/population in shared decision
making.
Competent Practitioner
In nutrition and dietetics, a compe-
tent practitioner is an RDN who is
either just starting practice after
having obtained RDN registration by
CDR or an experienced RDN recently
transitioning their practice to a new
focus area of nutrition and dietetics. A
focus area of nutrition and dietetics
practice is a defined area of practice
that requires focused knowledge,
skills, and experience that applies to
all levels of practice.10 A competent
practitioner who has achieved cre-
dentialing as an RDN and is starting
in professional employment consis-
tently provides safe and reliable ser-
vices by employing appropriate
knowledge, skills, behavior, and
values in accordance with accepted
standards of the profession; acquires
additional on-the-job skills; and en-
gages in tailored continuing education
to further enhance knowledge, skills,
and judgment obtained in formal
September 2022 Volume 122 Number 9
education.10 A general practice RDN
can include responsibilities across
several areas of practice, including,
but not limited to community/public
health, clinical, consultation and
business, research, education, and
food and nutrition management.
A competent RDN in PHCN takes into

consideration social determinants of
health and policy, systems, and envi-
ronments that influence a population
and an individual’s nutritional status
and behaviors. They use an asset-based
approach to incorporate lived-
experience into their practice with
consideration for trauma.58,59 An asset-
based approach focuses on strengths of
the community and considers diversity
in thought, culture, and traits as posi-
tive assets. The competent RDN is
learning how to apply and adapt the
individual-centered nutrition care
process to communities and pop-
ulations. Examples of types of practice
that competent PHCN RDNs provide
include the implementation of
evidence-based public health programs
to populations and individuals (eg, the
SNAP Education Program [SNAP-Ed]
and WIC), collection of nutrition-
related surveillance data (eg, Behav-
ioral Risk Factor Surveillance System,
Pregnancy Risk Assessment Monitoring
System), and ongoing evaluation of
services. Competent PHCN RDNs seek
community input into their work, and
partner with other interprofessional
stakeholders to provide services, add-
ing depth and breadth to their skills.
Additional training may be obtained
from the Academy’s Certificate of
Training Programs that include Policy
and Advocacy, Sustainable Food Sys-
tems, and Health and Wellness
Coaching.60

Proficient Practitioner
A proficient practitioner is an RDN who
is generally 3 or more years beyond
credentialing and entry into the pro-
fession and consistently provides safe
and reliable service, has obtained
operational job performance skills, and
is successful in the RDN’s chosen focus
area of practice. The proficient practi-
tioner demonstrates additional knowl-
edge, skills, judgment, and experience
in a focus area of nutrition and dietetics
practice. An RDN may acquire specialist
credentials, when available, to
demonstrate proficiency in a focus area
of practice.10
JOURNAL OF THE ACADE
Whereas a competent PHCN RDN
implements programming, a proficient
PHCN RDN coordinates programming,
initiatives, and partner and stakeholder
engagement in the delivery of services.
A proficient-level practitioner has a
deeper, more nuanced understanding
of the social determinants of health
and how they influence those with
whom they work. Building upon their
experiences as competent RDNs in
PHCN, proficient RDNs examine and
synthesize evidence to create, adapt,
and evaluate programming. Proficient
PHCN RDNs may serve as conveners for
interprofessional work, ensuring that
the nutrition needs and access to
healthy, culturally appropriate foods
are considered. Typically, the proficient
RDN in PHCN supplements their di-
etetics education with additional pub-
lic health training (eg, Masters in Public
Health), ensuring that the 10 Essential
Services of Public Health practice are
implemented in their work15 (see
Figure 1).
Expert Practitioner
An expert practitioner is an RDN who is
recognized within the profession and
has mastered the highest degree of skill
in, and knowledge of, nutrition and di-
etetics. Expert-level achievement is ac-
quired through ongoing critical
evaluation of practice and feedback
from others. The individual at this level
strives for additional knowledge, expe-
rience, and training. An expert has the
ability to quickly identify “what” is
happening and “how” to approach the
situation. Experts easily use nutrition
and dietetics skills to become successful
through demonstrating quality practice
and leadership, and to consider new
opportunities that build upon nutrition
and dietetics.10 An expert practitioner
may have an expanded or specialist role
or both, and may possess an advanced
credential(s) such as the CDR Board
Certified Specialist in Pediatric Nutri-
tion or other focus area credential.
Generally, the practice is more complex
and the practitioner has a high degree of
professional autonomy and
responsibility.

The expert PHCN RDN leads organi-
zations, agencies, and initiatives,
advancing evidence-based practice.
The expert practitioner in PHCN works
with interprofessional partners and
stakeholders to use systems-level
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Standards of Practice (SOP) and Standards of Professional Performance (SOPP) for registered dietitian nutritionists (RDNs) (Competent, Proficient, and
Expert) in public health and community nutrition (PHCN). SOPs are authoritative statements that describe practice demonstrated through nutrition
assessment, nutrition diagnosis (problem identification), nutrition intervention (planning, implementation), and outcomes monitoring and
evaluation (four separate standards) and the responsibilities for which RDNs are accountable. The SOP for RDNs in PHCN presuppose that the RDN
uses critical thinking skills; analytical abilities; theories; best-available research findings; current accepted nutrition, dietetics, public health, and
medical knowledge; and the systematic holistic approach of the nutrition care process as they relate to the application of the standards. SOPP for
RDNs in PHCN are authoritative statements that describe behavior in the professional role, including activities related to Quality in Practice,
Competence and Accountability, Provision of Services, Application of Research, Communication and Application of Knowledge, and Utilization and
Management of Resources (six separate standards).

SOP and SOPP are complimentary standards and serve as evaluation resources. All indicators may not be applicable to all RDNs’ practice or to all
practice settings and situations. RDNs operate within the directives of applicable federal, tribal, state, and/or local laws and regulations as well
as policies and procedures established by the organization in which they are employed. To determine whether or not an activity is within the
scope of practice of the RDN, the practitioner compares their knowledge, skill, experience, judgment, and demonstrated competence with
the criteria necessary to perform the activity safely, ethically, legally, and appropriately. The Academy of Nutrition and Dietetics (Academy)
Scope of Practice Decision Algorithm is specifically designed to assist practitioners with this process.

The term population/individual is used in the SOP as a universal term as these Standards relate to direct provision of nutrition care and services.
Population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any individual or group who
receives public health and community nutrition care and services. Customer is used in the SOPP as a universal term. Customer could also mean
client/patient, client/patient/customer, participant, consumer, or any individual, group, population, or organization to which the RDN provides
services. These services are provided to individuals and population groups of all ages. The SOP and SOPP are not limited to the clinical setting. In
addition, it is recognized that the family and caregiver(s) of population/individuals of all ages, including individuals with special health care needs,
play critical roles in overall health and are important members of the team throughout the assessment and intervention process. The
term appropriate is used in the standards to mean: Selecting from a range of best practice or evidence-based possibilities, one or more of which
would give an acceptable result in the circumstances.

Each standard is equal in relevance and importance and includes a definition, a rationale statement, indicators, and examples of desired
outcomes. A standard is a collection of specific outcome-focused statements against which a practitioner’s performance can be assessed. The
rationale statement describes the intent of the standard and defines its purpose and importance in greater detail. Indicators are measurable
action statements that illustrate how each specific standard can be applied in practice. Indicators serve to identify the level of performance of
competent practitioners and to encourage and recognize professional growth.

Standard definitions, rationale statements, core indicators, and examples of outcomes found in the Academy’s Revised 2017 SOP in Nutrition
Care and SOPP for RDNs have been adapted to reflect three levels of practice (Competent, Proficient, and Expert) for RDNs in PHCN. In
addition, the core indicators have been expanded to reflect the unique competence expectations for the RDN working in PHCN.

Figure 6. Registered Dietitian Nutritionists (RDNs) in Public Health and Community Nutrition Practice Level Delineation
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FROM THE ACADEMY
approaches to strategically develop,
implement, and evaluate services for
populations and communities. Expert
PHCN RDNs work with complex public
health systems and have the experi-
ence and knowledge to understand and
implement effective nutrition-related
programming. Critical thinking and
collaboration with community stake-
holders, advocating for health equity,
and applying evidence-based practice
are cornerstones of practice at the
expert level.
These Standards, along with the

Academy/CDR Code of Ethics,3 answer
the questions: Why is an RDN uniquely
qualified to provide PHCN care and
services? What knowledge, skills, and
competencies does an RDN need to
demonstrate for the provision of safe,
effective, efficient, equitable, and qual-
ity PHCN care and service at the
Competent, Proficient, and Expert
levels?

ACADEMY REVISED 2022 SOP
AND SOPP FOR RDNs
(COMPETENT, PROFICIENT, AND
EXPERT) IN PHCN
An RDN can use the Academy Revised
2022 SOP and SOPP for RDNs (Compe-
tent, Proficient, and Expert) in PHCN
(see Figures 4 and 5, available at www.
jandonline.org, and Figure 6) to:

� identify the competencies
needed to provide PHCN care
and services;

� self-evaluate whether or notthey
have the appropriate knowledge,
skills, and judgment to provide
safe, effective, and quality PHCN
care and service for their level of
practice;

� identify the areas in which
additional knowledge, skills, and
experience are needed to prac-
tice at the competent, proficient,
or expert level of PHCN practice;

� provide a foundation for public
and professional accountability
in PHCN care and services;

� support efforts for strategic
planning, performance improve-
ment, outcomes reporting, and
assist management in the plan-
ning and communicating of
PHCN services and resources;

� enhance professional identity
and skill in communicating the
nature of PHCN care and
services;
September 2022 Volume 122 Number 9
� guide the development of PHCN-
related education and
continuing education programs,
job descriptions, practice guide-
lines, protocols, theoretical
models, competence evaluation
tools, and career pathways; and

� assist educators and preceptors
in teaching students and interns
the knowledge, skills, and com-
petencies needed to work in
PHCN, and the understanding of
the full scope of this focus area of
practice.
APPLICATION TO PRACTICE
All RDNs, even those with significant
experience in other practice areas,
must begin at the competent level
when practicing in a new setting or
new focus area of practice. At the
competent level, an RDN in PHCN is
learning the principles that underpin
this focus area and is developing
knowledge, skills, judgment, and gain-
ing experience for safe and effective
PHCN practice. This RDN, who may be
new to the profession or may be an
experienced RDN, has a breadth of
knowledge in nutrition and dietetics
and may have proficient or expert
knowledge/practice in another focus
area. However, an RDN new to the
focus area of PHCN must accept the
challenge of becoming familiar with
the body of knowledge, practice
guidelines, and available resources to
support and ensure quality PHCN-
related nutrition and dietetics prac-
tice. Competent RDNs assist in the
implementation of federal and state
public health nutrition programming,
including at the individual level. Often,
competent practitioners start in com-
munity nutrition, commonly as WIC
RDNs61 because they can be relatively
new to some aspects of public health
practice. In their work, these RDNs
begin to see the connection between
individual counseling/motivational
interviewing and SDOH. They observe
the connection between the inability to
follow nutrition recommendations and
lack of access. This can be access to
food, storage, or cooking appliances.
Competent RDNs see the influence that
social determinants of health such as
transportation, low-paying wages, and
systemic racism influence families’
ability to make healthy choices at a
population level. They work to provide
JOURNAL OF THE ACADE
services within the real context where
families and communities live.

At the proficient level, an RDN has
developed a more in-depth under-
standing of PHCN practice, and is more
skilled at adapting and applying
evidence-based guidelines, and best
practices than at the competent level.
A proficient RDN may lead program
development, coordinate services, and
conduct needs assessments with
community stakeholders and a variety
of professions. For example, a profi-
cient RDN may oversee the imple-
mentation of the Double Up Food
Bucks program, or produce prescrip-
tion program62 at a local farmers
market, coordinating with farmers’
market managers, producers, and state
agencies. This RDN is able to modify
practice according to unique situations
(eg, providing culturally appropriate
food and assisting in enrollment in
food assistance programs to refugees
and internationally displaced per-
sons). An RDN at the proficient level
may possess a specialist credential(s)
and/or advanced degrees such as a
Master of Public Health. Future efforts
could focus on consideration of a
specialization credential for RDNs in
PHCN given the complexity of this
area of practice.

At the expert level, an RDN thinks
critically about PHCN, demonstrates a
more intuitive understanding of the
practice area, displays a range of highly
developed clinical and technical skills,
and formulates judgments acquired
through a combination of education,
experience, and critical thinking.
Essentially, practice at the expert level
requires the application of composite
nutrition and dietetics knowledge,
with practitioners drawing not only on
their practice experience, but also on
the experience of the PHCN RDNs in
various disciplines and practice set-
tings. Expert RDNs, with their exten-
sive experience and ability to see the
significance and meaning of PHCN
within a contextual whole, are fluid
and flexible, and have considerable
autonomy in practice. They not only
develop and implement PHCN services,
but they also manage, drive, and direct
clinical care; conduct and collaborate
in research and advocacy; accept or-
ganization leadership roles; engage in
scholarly work; guide interprofessional
teams; and lead the advancement of
PHCN practice.
MY OF NUTRITION AND DIETETICS 1757
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FROM THE ACADEMY
Indicators for the SOP and SOPP for
RDNs in PHCN are measurable action
statements that illustrate how each
standard can be applied in practice
(Figures 4 and 5, available at www.
jandonline.org). Within the SOP and
SOPP for RDNs in PHCN, an X in the
competent column indicates that an
RDN who is caring for populations/in-
dividuals is expected to complete this
activity and/or seek assistance to learn
how to perform at the level of the
standard. A competent RDN in PHCN
could be an RDN starting practice after
registration or an experienced RDN
who has recently assumed re-
sponsibility to provide PHCN care for
populations/individuals. Population is
a broad term that can include
community-based groups (eg, neigh-
borhood), regional or state groups, na-
tional or international groups. In public
health, working with subpopulations is
common by stage in the life course (eg,
children or seniors), disease state/risk
(eg, those at risk or with type 2 dia-
betes), or by demographic factors (eg,
low income or specific racial/ethnic
group). An individual receiving PHCN
services can be someone from any
population or subpopulation. Given the
known influence of SDoH out-
comes,63,64 increasing needs for public
health nutrition services are being
identified in clinical settings.65 This
practice can include health care orga-
nizations providing produce prescrip-
tion programs and on-site access to
food pantries for patients. These pro-
grams show the overlap that can occur
between clinical settings and
PHCN.66,67

An “X” in the proficient column in-
dicates that an RDN who performs at
this level has a deeper understanding
of PHCN and has the ability to modify
or guide interventions to meet the
needs of populations/individuals in
various situations (eg, collaborates
within and across agencies and orga-
nizations, including other govern-
mental sectors, nonprofits, community
partners, business/insurance com-
panies, industry, and coalitions that
work on addressing population health
issues).
An “X” in the expert column in-

dicates that the RDN who performs at
this level possesses a comprehensive
understanding of PHCN and a highly
developed range of skills and
1758 JOURNAL OF THE ACADEMY OF NUTRI
judgments acquired through a combi-
nation of experience and education. An
Expert RDN builds and maintains the
highest level of knowledge, skills, and
behaviors, including leadership, vision,
and credentials.
Standards and indicators presented

in Figure 4 and Figure 5 (available at
www.jandonline.org) in boldface type
originate from the Academy’s Revised
2017 Standards of Practice in Nutrition
Care and Standards of Professional
Performance for Registered Dietitian
Nutritionists2 and should apply to
RDNs in all three levels. Additional in-
dicators not in boldface type developed
for this focus area are identified as
applicable to all levels of practice.
Where an X is placed in all three levels
of practice, it is understood that all
RDNs in PHCN are accountable for
practice within each of these in-
dicators. However, the depth with
which an RDN performs each activity
will increase as the individual moves
beyond the competent level. Several
levels of practice are considered in this
document; thus, taking a holistic view
of the SOP and SOPP for RDNs in PHCN
is warranted. It is the totality of indi-
vidual practice that defines a practi-
tioner’s level of practice and not any
one indicator or standard.
RDNs should review the SOP and

SOPP in PHCN at determined intervals
to evaluate their individual focus area
knowledge, skill, and competence.
Consistent self-evaluation is important
because it helps identify opportunities
to improve and enhance practice and
professional performance and set goals
for professional development. This self-
appraisal also enables PHCN RDNs to
better utilize these Standards as part of
the Professional Development Portfolio
recertification process,68 which en-
courages CDR-credentialed nutrition
and dietetics practitioners to incorpo-
rate self-reflection and learning needs
assessment for development of a
learning plan for improvement and
commitment to lifelong learning. CDR’s
5-year recertification cycle in-
corporates the use of essential practice
competencies for determining profes-
sional development needs.69 In the 3-
step process, the credentialed practi-
tioner accesses the online Competency
Plan Builder (Step 1), which is a digital
tool that assists practitioner in creating
a continuing education Learning Plan.
TION AND DIETETICS
It helps identify focus areas during
each 5-year recertification cycle for
verified CDR credentialed nutrition and
dietetics practitioners.70 The Activity
Log (Step 2) is used to log and docu-
ment continuing professional educa-
tion over the 5-year period. The
Professional Development Evaluation
(Step 3) guides self-reflection and
assessment of learning and how it is
applied. The outcome is a completed
evaluation of the effectiveness of the
practitioner’s learning plan and
continuing professional education. The
self-assessment information can then
be used in developing the plan for the
practitioner’s next 5-year recertifica-
tion cycle. For more information, see
https://www.cdrnet.org/competencies-
for-practitioners.

RDNs are encouraged to pursue
additional knowledge, skills, and
training, regardless of practice setting,
to maintain currency and to expand
individual scope of practice within the
limitations of the legal scope of prac-
tice, as defined by state law. RDNs are
expected to practice only at the level at
which they are competent, and this
will vary depending on education,
training, and experience.71 RDNs
should collaborate with other RDNs in
PHCN as learning opportunities and to
promote consistency in practice and
performance and continuous quality
improvement. See Figure 7 for role
examples of how RDNs in different
roles, at different levels of practice,
may use the SOP and SOPP in PHCN.

In some instances, components of
the SOP and SOPP for RDNs in PHCN do
not specifically differentiate between
proficient-level and expert-level prac-
tice. In these areas, it remains the
consensus of the content experts that
the distinctions are subtle, captured in
the knowledge, experience, and intui-
tion demonstrated in the context of
practice at the expert level, which
combines dimensions of understand-
ing, performance, and value as an in-
tegrated whole.72 A wealth of
knowledge is embedded in the experi-
ence, discernment, and practice of
expert-level RDN practitioners. The
experienced practitioner observes
events, analyzes them to make new
connections between events and ideas,
and produces a synthesized whole. The
knowledge and skills acquired through
practice will continually expand and
September 2022 Volume 122 Number 9
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Role Examples of use of SOP and SOPP documents by RDNs in different practice rolesa

Public health nutritionist/
nutrition program coordinator (in
federal, state, or local program)

A registered dietitian nutritionist (RDN) working in public health and community nutrition
(PHCN) programs uses the SOP and SOPP in PHCN to serve as a guide for identifying
competency and areas to strengthen the delivery of nutrition program services. The RDN
refers individuals accessing public health nutrition programs to an RDN providing medical
nutrition therapy for individuals with acute and chronic conditions when needs are
identified outside of the scope of PHCN. The SOP and SOPP are used as a resource for
guiding quality improvement and program outcomes

WICb dietitian/nutritionist (in
federal, state, or local position)

A state agency RDN working with WIC programs in community health departments, refers
to the SOP and SOPP in PHCN for information, resources, and quality practice
expectations to apply to the nutrition assessment, nutrition education, and certification
procedures and processes that guide care and services for individuals participating in the
WIC program. The SOP and SOP are used for personal self-evaluation and in the design of
tools for assessing WIC program RDN and support staff competencies.

Clinical practitioner,
ambulatory care

An RDN working in an ambulatory care setting notices an increase in the number of
patients with food insecurity. The RDN uses the SOP and SOPP in PHCN for information,
resources, and to evaluate expected outcomes; and the level of competence needed to
provide equitable and culturally relevant support to individuals, including referrals to
nutrition assistance programs and RDNs in community nutrition settings for follow-up.

Food and nutrition services
manager/director

A food and nutrition services manager for a large congregate senior feeding program
notes an increasing number of participants requesting additional items or larger portions
because they are experiencing food insecurity. The manager uses the SOP and SOPP in
PHCN to determine the process of identifying issues and assist in developing action plans
to provide additional services for participants reporting food insecurity. The RDN consults
with a colleague experienced with care of this population for suggestions on relevant
continuing education activities and on where to refer participants who need assistance
with managing their dietary needs.

Community nutrition practitioner An RDN working in a nonprofit organization as the nutrition program manager provides
nutrition consultations for individuals experiencing food insecurity. The RDN recognizes
the need for more in-depth knowledge and skills to stretch nutrition assistance funds for
the purchasing of healthy and culturally relevant foods. The RDN reviews the SOP and
SOPP in PHCN to identify outcomes for competent practice, resources to review to
increase knowledge, possible continuing education activities to pursue; and identifies
when to refer to a more experienced RDN when the individual’s nutrition management
needs exceed the RDN’s current level of knowledge/experience.

Researcher An RDN working in a research setting is awarded a grant to demonstrate the role of RDNs
and the influence of nutrition interventions provided by an RDN on health outcomes of
populations and individuals participating in the Supplemental Nutrition Assistance
Program. The RDN uses the SOP and SOPP in PHCN in consultation with proficient and
expert-level PHCN RDNs as a resource in designing the research protocol.

Faculty, nutrition, and dietetics
education program

An RDN faculty member reviews the SOP and SOPP in PHCN to gain familiarity with the
needs of populations and individuals experiencing health inequities in order to expand
lecture content and assigned readings for students. The RDN also contacts practicing
RDNs for key principles, practice guidelines, and information related to practicing in the
supplemental nutrition assistance settings. The RDN uses the SOP and SOPP in PHCN as

(continued on next page)

Figure 7. Role examples of Standards of Practice (SOP) and Standards of Professional Performance (SOPP) for Registered Dietitian
Nutritionists (RDNs) (Competent, Proficient, and Expert) in public health and community nutrition (PHCN). aFor each role, the RDN
updates the professional development plan to include applicable essential practice competencies for PHCN services. bWIC ¼ Special
Supplemental Nutrition Program for Women, Infants, and Children.
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Role Examples of use of SOP and SOPP documents by RDNs in different practice rolesa

well as other focus area SOPs and/or SOPPs (eg, pediatric nutrition, diabetes care, and
sustainable, resilient, and healthy food and water systems) to identify roles and outcomes
for entry-level competent practice, and focus area resources for lectures and assignments.

Telehealth practitioner An RDN working in a telehealth setting who provides nutrition consultations to
individuals through a federally qualified community health center setting considers the
SOP and SOPP in PHCN when determining expertise needed. The RDN refers to all
relevant state laws and regulations, the Academy of Nutrition and Dietetics telehealth
resources, and organization policies regarding the practice of telehealth, including
requirements if an individual lives in another state.

Emergency preparedness
practitioner

An RDN working in emergency preparedness is planning and coordinating the delivery of
emergency food relief to those affected by a disaster or pandemic. The RDN uses the SOP
and SOPP in PHCN to support assessment, decision making, and coordination of care in
alignment with competency and available resources. The RDN uses the SOP and SOPP to
evaluate knowledge, skills, and competence for the delivery and design of a plan and
quality improvement process for effectively managing food and water safety and access
in alignment with population characteristics.

Figure 7. (continued) Role examples of Standards of Practice (SOP) and Standards of Professional Performance (SOPP) for Registered
Dietitian Nutritionists (RDNs) (Competent, Proficient, and Expert) in public health and community nutrition (PHCN). aFor each role,
the RDN updates the professional development plan to include applicable essential practice competencies for PHCN services.
bWIC ¼ Special Supplemental Nutrition Program for Women, Infants, and Children.

FROM THE ACADEMY
mature. The SOP and SOPP indicators
are refined with each review of these
Standards as expert-level RDNs sys-
tematically record and document their
experiences, often through use of ex-
emplars. Exemplary actions of individ-
ual PHCN RDNs in practice settings and
professional activities that enhance
population/individual care and/or ser-
vices, can be used to illustrate
outstanding practice models. Tagtow
and colleagues73 discusses the Indi-
vidual plus Policy, System, and Envi-
ronmental Conceptual Framework for
Action as a model for dietetics, a model
that is grounded in public health lead-
ership and emphasizes system
thinking. This framework suggests the
importance of incorporating Individual
plus Policy, System, and Environmental
Conceptual Framework for Action not
only in PHCN, but also across all areas
of practice. As such, the SOP and SOPP
in PHCN may also be applicable for
other cross-cutting areas of practice.
FUTURE DIRECTIONS
The SOP and SOPP for RDNs in PHCN
are innovative and dynamic docu-
ments. Future revisions will reflect
changes and advances in practice,
changes to dietetics education stan-
dards, regulatory changes, and
1760 JOURNAL OF THE ACADEMY OF NUTRI
outcomes of practice audits. Continued
clarity and differentiation of the three
practice levels in support of safe,
effective, equitable, and quality prac-
tice in PHCN remains an expectation of
each revision to serve tomorrow’s
practitioners, populations, and in-
dividuals with whom they work. There
is a need for expertise in preventive
and public health nutrition; RDNs in
this area of practice would benefit from
specialist or advanced practice certifi-
cation. A continued focus on health
equity coupled with trauma-informed
care is critical to the field. SOPs and/
or SOPPs may want to consider adding
specific standards for these public
health competencies. Improving access
to the dietetics profession for under-
represented populations will improve
the influence of PHCN and this SOP and
SOPP. Creation of this clarity, differen-
tiation, and definition are the chal-
lenges of today’s public health and
community RDNs to better serve to-
morrow’s practitioners and their pa-
tients, clients, and communities/
populations.
CONCLUSIONS
RDNs face complex situations every
day. Addressing the unique needs of
each situation and applying
TION AND DIETETICS
standards appropriately is essential
to providing safe, timely, person-
centered quality care and service.
All RDNs are advised to conduct their
practice based on the most recent
edition of the Code of Ethics for the
Nutrition and Dietetics Profession,
the Scope of Practice for RDNs, and
the SOP in Nutrition Care and SOPP
for RDNs, along with applicable fed-
eral, tribal, state, and local regula-
tions and facility accreditation
standards. The SOP and SOPP for
RDNs in PHCN are complementary
documents and are key resources for
RDNs at all knowledge and perfor-
mance levels. These standards can
and should be used by RDNs in daily
practice who provide care to in-
dividuals in PHCN settings to
consistently improve and appropri-
ately demonstrate competence and
value as providers of safe, effective,
and quality nutrition and dietetics
care and services. These standards
also serve as a professional resource
for self-evaluation and professional
development for RDNs specializing in
PHCN practice. Just as a pro-
fessional’s self-evaluation and
continuing education process is an
ongoing cycle, these standards are
also a work in progress and will be
reviewed and updated every 7 years.
September 2022 Volume 122 Number 9



FROM THE ACADEMY
Current and future initiatives of the
Academy, as well as advances in PHCN
care and services, will provide infor-
mation to use in future updates and in
further clarifying and documenting the
specific roles and responsibilities of
RDNs at each level of practice. As a
quality initiative of the Academy and
the PHCN DPG, these standards are an
application of continuous quality
improvement and represent an impor-
tant collaborative endeavor.
These standards have been formulated
for use by individuals in self-evaluation,
practice advancement, development of
practice guidelines and specialist cre-
dentials, and as indicators of quality.
These standards do not constitute medi-
cal or other professional advice, and
should not be taken as such. The infor-
mation presented in the standards is not
a substitute for the exercise of profes-
sional judgment by the credentialed
nutrition and dietetics practitioner. These
standards are not intended for disci-
plinary actions, or determinations of
negligence or misconduct. The use of the
standards for any other purpose than that
for which they were formulated must be
undertaken within the sole authority and
discretion of the user.
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Standards of Practice for Registered Dietitian Nutritionists in Public Health and Community Nutrition
Standard 1: Nutrition Assessment
The registered dietitian nutritionist (RDN) uses accurate and relevant data and information to identify nutrition-related
problems.

Rationale:
Nutrition screening is the preliminary step to identify populations and individuals who require a nutrition assessment
performed by an RDN. Nutrition assessment is a systematic process of obtaining and interpreting data in order to make
decisions about the nature and cause of nutrition-related problems and provides the foundation for nutrition diagnosis. It is an
ongoing, dynamic process that involves not only initial data collection, but also reassessment and analysis of patient/client or
community needs. Nutrition assessment is conducted using validated tools based in evidence, the five domains of nutrition
assessment, and comparative standards, as well as public health approaches to assessment. Nutrition assessment may be
performed via in-person, or facility/practitioner assessment application, or Health Insurance Portability and Accountability Act
(HIPAA) compliant video conferencing telehealth platform. Given that population-level programs involve policy, system, and
environmental interventions, direct care for public health and community RDNs can involve the assessment of policies, systems,
and/or environments.

Indicators for Standard 1: Nutrition Assessment

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.1 Population/individual history: Assesses current and past information related
to personal, medical, family, psychosocial/social, cultural, and community
history

X X X

1.1A Reviews nutrition surveillance and risk screening data (eg, risk of
food/nutrition insecurity) from public health agencies or referring
facility/provider, if available, or incorporates into nutrition
assessment data collection using evidence-based screening tools

X X X

1.1B Assesses population health status in relation to community health X X X

1.1C Uses population-based data to inform history and assessment X X X

1.1D Tracks changes in personal history and population-based health X X X

1.1E Leads interprofessional team in identifying plan and tools for
assessing populations initially and over time

X X

1.1F Implements and connects history assessment tools to develop and
inform population-level health interventions and policy

X

1.2 Anthropometric assessment: Assesses anthropometric indicators (eg, height,
weight, body mass index [BMI], waist circumference, arm circumference),
comparison to reference data (eg, percentile ranks/z-scores), and
population/individual patterns and history

X X X

1.2A Uses culturally appropriate and inclusive methods for
anthropometric assessments (eg, making accommodations for
religious head coverings or hair styles)

X X X

1.2B Monitors population/individual-based anthropometric measures X X X

(continued on next page)

Figure 4. Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition. The term
population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any individual or
group who receives public health and community nutrition care and services.
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Indicators for Standard 1: Nutrition Assessment

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.2C Participates in collecting measures for population-based programs
(eg, WICa database, BRFSSb, YRBSSc)

X X X

1.2D Leads the collection of measures for population-based programs (eg
Head Start)

X X

1.2E Manages systems for anthropometric assessment (ie, provides
training, quality assurance, updating, monitoring)

X X

1.2F Applies quantitative skills in evaluation of diet and anthropometric
relationships in epidemiologic studies

X X

1.2G Designs and contributes to improvements of systems of
assessments for anthropometric data collection across populations

X

1.2H Interprets anthropometric data to design program and policy
strategies while minimizing harm

X

1.3 Biochemical data, medical tests, and procedure assessment: Assesses
laboratory profiles (eg, acid-base balance, renal function, endocrine
function, inflammatory response, vitamin/mineral profile, lipid profile), and
medical tests and procedures (eg, gastrointestinal study, metabolic rate)

X X X

1.3A Interprets and applies diagnosis-related data from medical providers
(eg, anemia, cancer, diabetes) in assessments

X X X

1.3B Initiates and participates in collection of biochemical data (eg,
nutritional anemia profile, oral glucose tolerance test to screen for
gestational diabetes; elevated blood lead or mercury levels,
population-based lab data from health surveillance systems,
electronic health record data)

X X X

1.3C Designs protocols and systems for nutrition biochemical assessment
at population levels

X X

1.3D Applies quantitative skills in evaluation of diet and disease
relationships in epidemiologic studies

X X

1.3E Interprets biomedical data to design program and policy strategies
while minimizing harm

X

1.4 Nutrition-focused physical examination (NFPE) may include visual and
physical examination: Obtains and assesses findings from NFPE (eg,
indicators of vitamin/mineral deficiency/toxicity, edema, muscle wasting,
subcutaneous fat loss, altered body composition, oral health, feeding ability
[suck/swallow/breathe], appetite, and affect)

X X X

1.4A Participates in collection of self-reported and objective data X X X

1.4B Trains staff on applying NFPE findings into health care and public
health programming (including direct care of individuals and with
other health care providers)

X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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Indicators for Standard 1: Nutrition Assessment

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.4C Applies quantitative skills to evaluate diet and NFPE relationships in
epidemiologic studies

X X

1.4D Interprets NFPE data to design program and policy strategies while
minimizing harm

X

1.5 Food and nutrition-related history assessment (ie, dietary assessment)-
Evaluates the following components:

1.5A Food and nutrient intake including composition and adequacy,
meal and snack patterns, and appropriateness related to food
allergies and intolerances as well as cultural relevance,
preferences, and norms

X X X

1.5A1 Applies and participates in multiple population/individual
assessment methods (eg, interviews, surveys, nutrient
analysis software, nutrition surveillance systems)

X X X

1.5A2 Incorporates culturally appropriate and relevant
approaches in assessment

X X x

1.5A3 Initiates collecting data using multiple population/
individual group assessment methods (eg, interviews,
surveys, nutrient analysis software, meal patterns, food/
nutrition assistance programs, nutrition surveillance
systems)

X X

1.5A4 Applies quantitative skills to evaluate food and nutrition-
related history assessment

X X

1.5A5 Interprets food and nutrition-related history data to design
program and policy strategies while minimizing harm

X

1.5A6 Designs systems and tools for multiple population/
individual group assessment methods (eg, interviews,
surveys, questionnaires, nutrient analysis, meal patterns in
food programs, nutrition surveillance systems)

X

1.5B Food and nutrient administration including current and previous
diets and diet prescriptions and food modifications, eating
environment, and enteral and parenteral nutrition administration

X X X

1.5B1 Accommodates and tailors approach (eg, for cultural
appropriateness, and/or with special needs) for
participants participating in federal food/nutrition
assistance programs (eg, NSLPd, WIC, special formulas,
congregate and home delivered meals)

X X X

1.5C Medication and dietary supplement use, including prescription
and over-the-counter medications, and integrative and functional
medicine products

X X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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Indicators for Standard 1: Nutrition Assessment

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.5C1 Considers potential diet interactions with medications, as
well as dietary and herbal supplement use across the life
course on population/individual levels

X X X

1.5C2 Considers cultural beliefs and preferences in medication
and dietary supplement use

X X X

1.5C3 Addresses any potential toxicities on population/individual
levels (eg, contaminated water, endocrine disrupting
chemicals in the food system); seeks assistance as needed

X X X

1.5C4 Assesses substance abuse effects on population/individual
levels; seeks assistance as needed

X X X

1.5C5 Considers population/individual use of and need for
dietary and herbal supplementation, including cultural
norms and beliefs; seeks assistance as needed

X X X

1.5D Knowledge, beliefs, and attitudes (eg, understanding of nutrition-
related concepts, emotions about food/nutrition/health, body
image, preoccupation with food and/or weight, readiness to
change nutrition- or health-related behaviors, and activities and
actions influencing achievement of nutrition-related goals)

X X X

1.5D1 Assesses behavioral and environmental influences using
the socioecological approach or other health behavior
theories

X X X

1.5D2 Uses an asset-based approach that honors the lived
experience and knowledge of populations/individuals

X X X

1.5D3 Identifies how population/individual culture impacts
behavior

X X

1.5D4 Considers how knowledge, beliefs, and attitudes and lived
experiences impacts behaviors

X X

1.5D5 Creates community-engaged assessments on knowledge,
beliefs, and attitudes that incorporates health equity

X

1.5E Food security defined as factors affecting access to a sufficient
quantity of safe, healthful food and water, as well as food-/
nutrition-related supplies

X X X

1.5E1 Evaluates access to food at population/individual level (eg,
availability and use of food/nutrition assistance programs
such as NSLP, emergency preparedness, congregate and
home delivered meals, and presence of food deserts)

X X X

1.5E1i Determines influence of policy/systems and
other individual and environmental factors on
food access (eg, emergency preparedness)

X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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Indicators for Standard 1: Nutrition Assessment

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.5F Physical activity, cognitive and physical ability to engage in
developmentally appropriate nutrition-related tasks (eg, self-
feeding and other activities of daily living [ADLs]), instrumental
activities of daily living (IADLs) (eg, shopping, food preparation),
and breastfeeding

X X X

1.5F1 Assesses interaction of federal food/nutrition assistance
programs with other federal assistance programs that
promote equal access to care (eg, Title V home visiting
programs collaborating with WIC)

X X

1.5G Other factors affecting intake and nutrition and health status (eg,
cultural, ethnic, religious, lifestyle influencers, psychosocial,
trauma, and social determinants of health)

X X X

1.5G1 Collaborates with promotoras/peer/community health
workers in assisting with assessments

X X X

1.5G2 Trains and mentors promotoras/peer/community health
workers on proper assessment techniques

X X

1.6 Comparative standards: Uses reference data and standards to estimate
nutrient needs and recommended body weight, body mass index, and
desired growth patterns

X X X

1.6A Identifies the most appropriate reference data and/or standards
(eg, international, national, state, institutional, and regulatory)
based on practice setting and patient-/client-specific factors (eg,
age and disease state)

X X X

1.6B Uses reference standards for guidance (eg, food safety, NAMe and
US Preventative Services Taskforce recommendations, DGAsf, CDCg

and WHOh [infant growth charts] guidelines)

X X X

1.7 Physical activity habits and restrictions: Assesses physical activity, history of
physical activity, and physical activity training

X X X

1.7A Analyzes factors of accessibility, adequacy, and safety of the physical
environment for both individuals and populations

X X X

1.7B Applies Physical Activity Guidelines for Americans, NASPEi, and CDC
guidelines in assessments

X X X

1.7C Consults with exercise scientists, kinesiologists, and physical
therapists as appropriate

X X X

1.8 Collects data and reviews data collected and/or documented by the
nutrition and dietetics technician, registered (NDTR), other health care
practitioner(s), patient/client, or staff for factors that affect nutrition and
health status

X X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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Indicators for Standard 1: Nutrition Assessment

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.8A Uses nationally available nutrition assessment data (eg, NHANESj,
BRFSS/YRBSS profiles, SHIPsk, Safety Performance Standards)

X X X

1.8B Integrates knowledge of human nutrition with principles of
epidemiology

X X

1.8C Creates assessment approaches that incorporate assets and lived-
experience and minimizes harm to populations/individuals (eg,
considers the impact of systemic racism when developing or
administering assessments)

X X

1.8D Uses biostatistical skills to assess relationships between nutrition-
related factors and behaviors/outcomes

X X

1.8E Oversees methods and instruments to ensure ongoing collection of
valid and reliable quantitative and qualitative assessment data
which may include electronic devices or web-based tools

X

1.9 Uses collected data to identify possible problem areas for determining
nutrition diagnoses

X X X

1.9A Uses health theories to cluster nutrition risk factors X X X

1.9B Gains deep understanding of epidemiological principles to interpret
the magnitude and directionality of nutrition-related risk factors

X X

1.9C Analyzes data in a way that minimizes harm and promotes health
equity

X X

1.10 Documents and communicates:

1.10A Date and time of assessment X X X

1.10B Pertinent data (eg, medical, social, behavioral) X X X

1.10C Comparison to appropriate standards X X X

1.10D Population/individual perceptions, values and motivation related
to presenting problems

X X X

1.10E Changes in population/individual perceptions, values and
motivation related to presenting problems

X X X

1.10F Reason for discharge/discontinuation or referral, if appropriate X X X

1.10G Progress and evaluations to funders, policy makers, community
partners, and other stakeholders

X X X

1.10H Assessment findings via a brief or report with community partners
and stakeholders

X X X

1.10I Feedback from community partners and stakeholders in
documenting program justifications and in planning program
design

X X

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition. The
term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any individual or
group who receives public health and community nutrition care and services.
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Examples of Outcomes for Standard 1: Nutrition Assessment
� Appropriate assessment tools and procedures (matching assessment method to situation) are implemented (eg, focus

groups to assess population-level barriers to accessing SNAP-Edl) or other federal food/nutrition assistance programs
� Appropriate and pertinent data are collected across individual, community, and social determinants of health domains

(eg, demographic data such as age, gender, race, ethnicity, income, migrant status or health indicator data such as low
birth weight, prematurity, anemia, overweight, obesity, special needs, food security)

� Effective interviewing methods are utilized (eg, USDAm Participant Centered Value Enhanced Nutrition Assessment
[VENA])

� Use of population-level assessment data leads to the determination that a nutrition diagnosis/problem does or does not
exist (eg, food/nutrition insecurity among older adults)

� Consultation with or referral to other community partners and stakeholders is incorporated into program processes (eg,
assessment of access to Double Up Food Bucks)

� Documentation and communication of assessments are complete, relevant, accurate, timely, and minimize harm while
promoting health equity (eg, individual care plans and/or population level executive summary reports)

Standard 2: Nutrition Diagnosis
The registered dietitian nutritionist (RDN) identifies and labels specific nutrition problem(s)/diagnosis (es) that the RDN is
responsible for treating.

Rationale:
Analysis of the assessment data leads to identification of nutrition problems and a nutrition diagnosis(es), if present. The
nutrition diagnosis(es) is the basis for determining outcome goals, selecting appropriate interventions, and monitoring progress.
Diagnosing nutrition problems is the responsibility of the RDN.

Indicators for Standard 2: Nutrition Diagnosis

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

2.1 Diagnoses nutrition problems based on evaluation of assessment data and
identifies supporting concepts (ie, etiology, signs, and symptoms)

X X X

2.1A Relates problems/diagnoses to demographics and characteristics of
population groups; consults with more experienced practitioners as
needed

X X X

2.1B Identifies and labels individual, social, environmental, community or
policy conditions that are influencing the problem(s) using health
behavior theory such as the social-ecological model; consults with
more experienced practitioners as needed

X X X

2.1C Relates risk factors to broad community health indicators (eg, cultural
child feeding practices in relation to nutrition/health risk factors)

X X X

2.1D Uses epidemiological data to evaluate the personal and social
determinants that impact the nutrition diagnosis(es) and overall health
equity

X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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Indicators for Standard 2: Nutrition Diagnosis

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

2.1E Applies epidemiological methodologies (ie, surveys) and other qualitative
methods (ie, focus groups and interviews) to determine the incidence and
prevalence of common signs, symptoms and risk factors among population
groups including trends in chronic disease risk and health disparities

X X

2.1F Designs nutrition epidemiology studies to understand clustering of
signs and symptoms and incorporates an asset-based approach

X

2.2 Prioritizes the nutrition problem(s)/diagnosis(es) based on severity, safety,
patient/client needs and preferences, ethical considerations, likelihood that
nutrition intervention/plan of care will influence the problem, discharge/
transitions of care needs, and patient/client/advocatea perception of
importance

X X X

2.2A Relates the population’s/individual’s diagnosis(es) to food and
environment strengths and challenges in the community

X X X

2.2B Prioritizes individual, social, environmental, community, or policy
conditions that can be addressed to mitigate the nutrition
diagnosis(es)

X X

2.3 Communicates the nutrition diagnosis(es) to patients/clients/advocates,
stakeholders, community, family members or other health care professionals
when possible and appropriate

X X X

2.3A Consults with other community and public health practitioners and
community leaders

X X X

2.3B Validates nutrition diagnosis(es) with nutrition surveillance data,
population-based research and community feedback

X X

2.3C Considers the framing of the communication and makes adjustments
in order to promote health equity and to minimize harm for the
population/individual

X

2.4 Documents the nutrition diagnosis(es) using standardized terminology and
clear, concise written statement(s) (eg, using Problem [P], Etiology [E], and
Signs and Symptoms [S] [PES statement(s)] or Assessment [A], Diagnosis [D],
Intervention [I], Monitoring [M], and Evaluation [E] [ADIME statement(s)])

X X X

2.4A Assesses prevalence and incidence of nutrition diagnoses at a
population level

X X

2.4B Frames and communicates diagnoses within the context of logic
models, health behavior theories, and/or population outcomes data
while minimizing harm

X X

2.5 Re-evaluates and revises nutrition diagnosis(es) when additional assessment
data become available

X X X

2.5A Applies timely and relevant standards, program evaluation and
research-based evidence to population groups

X X X

2.5B Tracks changes and trends in diagnoses X X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.

FROM THE ACADEMY

September 2022 Volume 122 Number 9 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1763.e8



Indicators for Standard 2: Nutrition Diagnosis

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

2.5C Confers with biostatisticians and other experts to discuss
methodologies

X X

2.6 Documents and communicates:

2.6A Date and time of diagnosis X X X

2.6B Pertinent data (eg, medical, social, environmental, behavioral) X X X

2.6C Comparison to appropriate standards X X X

2.6D Population/individual experiences, perceptions, values and
motivation related to diagnoses

X X X

2.6E Changes in population/individual experiences, perceptions, values
and motivation related to diagnoses

X X X

2.6F Progress and evaluations to funders, policy makers, community
partners, and other stakeholders

X X X

2.6G Diagnosis via a brief or report with the community partners and
stakeholders

X X

2.6H Feedback from community partners and stakeholders in documenting
diagnosis

X X

Examples of Outcomes for Standard 2: Nutrition Diagnosis
� Nutrition Diagnostic Statements that are: 1) Clear and concise; 2) Specific population- or individual-centered; 3) Science-

based; 4) Based on reliable and accurate assessment data; and 5) Includes date and time. Examples:
B Inadequate physical activity related to limited outside recess after school lunch as evidenced by children returning

immediately to class after school lunch
B Percent of low-income schools implementing policies for recess-before-lunch or at least 30 minutes of daily outside

recess
B Increase in community breastfeeding initiation rates with implementation of social media texting program tar-

geting prenatal women who are in the third trimester
� Documentation of nutrition diagnosis(es) is relevant, accurate and timely (eg, applicable population-level data reports on

public health problems [obesity, anemia, neural tube defects] are generated and retained within a standardized
computer database system using a consistent procedure at regular intervals)

� Documentation of nutrition diagnosis(es) is revised and updated as additional assessment data become available (eg, as
maternal weight gain data become available for a population of pregnant women, the data are entered into a computer
database system and analyzed on a periodic basis. The determination of prevalence will occur at regular intervals with
documentation of any increase or decrease in excessive maternal weight gain over time)

� Improved health equity in the creation and communication of diagnoses

Standard 3: Nutrition Intervention/Plan of Care
The registered dietitian nutritionist (RDN) identifies and implements appropriate, person- and population-centered
interventions designed to address nutrition-related problems, behaviors, risk factors, environmental conditions, or aspects of
health status for an individual, target group, or the community at large.

(continued on next page)
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Rationale:
Nutrition intervention consists of 2 interrelated components e planning and implementation.

� Planning involves prioritizing the nutrition diagnoses, conferring with the patient/client and others, reviewing practice
guidelines, protocols and policies, setting goals and defining the specific nutrition intervention strategy.

� Implementation is the action phase that includes carrying out and communicating the intervention/plan of care,
continuing data collection, and revising the nutrition intervention/plan of care strategy, as warranted, based on change in
condition and/or the patient/client/population response.

An RDN implements the interventions or assigns components of the nutrition intervention/plan of care to professional,
technical and support staff in accordance with knowledge/skills/judgment, applicable laws and regulations, and organization
policies. The RDN collaborates with or refers to other health care professionals and resources. The nutrition intervention/ plan of
care is ultimately the responsibility of the RDN. Population-level programs involve policy, system, and environmental
interventions. Direct care from public health and community RDNs can involve the development, implementation, and
adaptation of policies, systems, and/or environments as they relate to nutrition outcomes.

Indicators for Standard 3: Nutrition Intervention/Plan of Care

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

Plans the Nutrition Intervention/Plan of Care:

3.1 Addresses the nutrition diagnosis(es) by determining and prioritizing
appropriate interventions for the plan of care

X X X

3.1A Considers the following when determining the nutrition interventions:
� individual/population needs, wants, and desires
� immediacy of the problem and severity of nutrition risk or

malnutrition, if present
� readiness of individual/population to receive selected nutri-

tion interventions
� presence of social determinants of health (eg, housing, food

access, health care access) or
� other conditions that impact transitions of care needs/plans

X X X

3.1B Considers interventions such as integrative and functional therapies,
behavior modification

X X X

3.2 Bases intervention/plan of care on best available research/evidence and
information, evidence-based guidelines, and best practices

X X X

3.2A Creates interventions based on funding requirements, including as
appropriate, state and federal guidelines

X X X

3.2B Considers health behavior theory (eg, socio-ecological model) when
developing interventions

X X X

3.2C Considers lived experience and cultural norms (eg, ethnicity,
religion) when developing interventions

X X X

3.2D Collaborates with community partners and stakeholders when
developing interventions

X X X

(continued on next page)
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Indicators for Standard 3: Nutrition Intervention/Plan of Care

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.2E Collaborates with epidemiologists and/or biostatisticians to refine
project goals, available resources, and measures

X X

3.2F Leads the development of intervention guidelines and outcome
measures for local, state, and/or national nutrition services typically
with the aim of promoting health equity

X

3.3 Refers to policies and procedures, protocols, and program standards X X X

3.3A Uses community-/population-based national standards and
guidelines/standards such as DGAs, MyPlate, and community health
indicators in intervention planning

X X X

3.3B Coordinates with community partners and stakeholders to align
messages across programs, to strengthen messaging and leverage
funding

X X

3.3C Develops policy, systems, and environmental change approaches to
maximize population reach

X

3.4 Collaborates with patient/client/advocate/population, caregivers,
interprofessionalb team, and other health care professionals

X X X

3.4A Collaborates with community partners and stakeholders to identify
priorities and community needs to promote health equity

X X X

3.4B Communicates priorities and community needs to policy and other
decision makers to support nutritional health of the population

X X X

3.4C Raises awareness on policy-related issues with community partners,
stakeholders, and policy makers that can impact environmental
conditions contributing to nutritional health problems (eg, federal
food/nutrition programs and food regulations)

X X

3.4D Convenes and collaborates with multi-sector public and private
community coalitions and partners (eg, urban planners, NGOsn, non-
profits, breastfeeding coalitions, advocacy organizations) to develop
and implement policy, systems, and environmental changes

X

3.5 Works with patient/client/advocate/population, and caregivers to identify
goals, preferences, discharge/transitions of care needs, plan of care and
expected outcomes

X X X

3.5A Collaborates with community partners and stakeholders to identify
priorities and community needs to promote health equity

X X X

3.5B Uses logic model for planning and implementation of interventions,
considering population as well as the broader community according
to needs assessment

X X X

3.5C Creates goals that are inclusive of health equity, cultural sensitivity,
geographic diversity, socio-economic diversity, practical
implementation

X X X

(continued on next page)
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Indicators for Standard 3: Nutrition Intervention/Plan of Care

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.5D Incorporates the concepts of the social determinants of health into
programs and services that promote health equity and minimize/
eliminate health disparities

X X X

3.5D1 Focuses interventions on prevention approaches X X X

3.6 Develops the nutrition prescription and establishes measurable patient-/
client-focused goals to be accomplished

X X X

3.6A Identifies, selects, and/or develops evidence-based or best available
research/evidence, programs, and science-based nutrition education
materials based on nutritional needs of the population; consults
with more experienced practitioners as needed

X X X

3.6B Implements health promotion and disease prevention activities that
are based on population’s nutritional status and inclusive of health
equity

X X X

3.6C Intervenes and coordinates on all levels of the socio-ecological
model to promote population health

X X

3.7 Defines time and frequency of care including intensity, duration, and follow-up X X X

3.7A Develops short-, intermediate- and long-term interventions using
logic models and needs assessment data

X X X

3.7B Uses realistic and appropriate timeframes to measure outcomes,
with the understanding that some interventions can take many
years to see change

X X X

3.7B1 Describes specific time frames for each level of
intervention, with intrapersonal and interpersonal
components generally taking shorter periods of time,
and community or systems interventions taking years

X X X

3.7B2 Defines measures specific to intervention outcomes, which
could require months, years, or decades for each measure

X X

3.7B3 Develops guidelines for timing of interventions and
follow-up based on research and best practices

X

3.8 Uses standardized terminology for describing interventions X X X

3.8A Incorporates standard terminology from the fields of nutrition and
public health, systems/environmental approaches, including the
Public Health Community Nutrition Care Process Toolkit

X X X

3.8B Frames intervention-related communication to community partners
and stakeholders (eg, policy, legislation, business, community)

X X

3.9 Identifies resources and referrals needed X X X

3.9A Applies factors that impact accessibility, adequacy and safety of
food supply, and food/nutrition security to population health

X X X

(continued on next page)
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Indicators for Standard 3: Nutrition Intervention/Plan of Care

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.9A1 Connects population groups to services for food/water
supplies and systems (via agriculture, business, retail,
safety net programs, public institutions, hospitals)

X X X

3.9A2 Uses information about nutrients and contaminants in
the food and water supply in planning the intervention

X X

3.9B Links individuals/populations to food and nutrition services to
assure optimal nutritional status (eg, food pantries, home-delivered
meals programs, SNAP-Ed, free- and reduced-price school meals,
Summer Food Service Program, Child and Adult Care Food Program,
WIC) and assists them with determining program eligibility and
enrollment options

X X X

3.9C Uses an interprofessional and participatory approach to leverage
resources across systems

X X

3.9D Establishes and maintains interagency networks based on
individual/population intervention needs; links nutrition and other
services

X

Implements the Nutrition Intervention/Plan of Care:

3.10 Collaborates with colleagues, interprofessional team, and other health care
professionals

X X X

3.10A Identifies community partners, stakeholders, and collaborators to
collaborate on programs and services

X X X

3.10B Collaborates within and across agencies and organizations including
other governmental sectors, non-profits, community partners,
business/insurance companies, industry and coalitions that work on
addressing population health issues (eg, disparities in access to food,
nutrition intake)

X X

3.10C Advocates for evidence-based and best available research/evidence
approaches to addressing nutrition-related population health issues
with policy makers, elected officials, and other influential leaders

X X

3.10D Mobilizes community partners and stakeholders including food policy
councils/coalitions while building community leadership capacity for
change to create health promoting environments and practices

X

3.11 Communicates and coordinates the nutrition intervention/plan of care X X X

3.11A Partners with primary health care providers to ensure community
nutrition services comply with individuals’ plans of care

X X X

3.11B Participates in boards, organizations, task forces, committees, coalitions,
and partnerships in the community to support interventions

X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.

FROM THE ACADEMY

1763.e13 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS September 2022 Volume 122 Number 9



Indicators for Standard 3: Nutrition Intervention/Plan of Care

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.11C Disseminates intervention plans and outcomes with community
partners and stakeholders in a transparent manner

X X

3.11D Convenes boards, organizations, task forces, committees, coalitions,
and partnerships in the community to support interventions

X

3.12 Initiates the nutrition intervention/plan of care X X X

3.12A Uses approved clinical privileges, physician/non-physician
practitionerc-driven orders (ie, delegated orders), protocols, or
other facility-specific processes for order writing or for provision
of nutrition-related services consistent with applicable specialized
training, competence, medical staff, and/or organizational policy

X X X

3.12A1 Implements, initiates, or modifies orders for therapeutic
diet, nutrition-related pharmacotherapy management, or
nutrition-related services (eg, baby or metabolic formula,
medical foods/ nutrition/dietary supplements, food
texture modifications, enteral and parenteral nutrition,
intravenous fluid infusions, laboratory tests, medications,
and education and counseling)

X X X

3.12A1i Works to ensure access to metabolic formula
through federal and state programs (eg,
newborn screening/Title V)

X X X

3.12A2 Manages nutrition support therapies (eg, formula
selection, rate adjustments, addition of designated
medications and vitamin/mineral supplements to
parenteral nutrition solutions or supplemental water
for enteral nutrition)

X X X

3.12A3 Initiates and performs nutrition-related services (eg,
bedside swallow screenings, inserting and monitoring
nasoenteric feeding tubes, and indirect calorimetry
measurements, or other permitted services)

X X X

3.12B Ensures availability of quality nutrition services to target populations
including screening, assessment, education, counseling, and referral
to food assistance programs

X X X

3.12C Considers social/ethnic disparities, systemic racism, culture, food access,
and socio-economic status in developing nutrition interventions

X X X

3.12D Employs a variety of strategies (eg, social media, billboards, flyers,
public service announcements, radio ads) to reach/educate population

X X

3.13 Assigns activities to NDTR and other professional, technical and support
personnel in accordance with qualifications, organizational policies/
protocols, and applicable laws and regulations

X X X

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.

FROM THE ACADEMY

September 2022 Volume 122 Number 9 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1763.e14



Indicators for Standard 3: Nutrition Intervention/Plan of Care

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.13A Supervises professional, technical and support personnel X X X

3.13A1 Engages community volunteers X X

3.13A2 Collaborates with and oversees community health workers
(ie, paraprofessionals, lay health workers, promotoras)

X X

3.13A3 Mobilizes cross-disciplinary staff in program
interventions (eg, school and school foodservice staff,
government professionals, public university employees,
city planners, and community advocates)

X

3.14 Continues data collection X X X

3.14A Tracks progress towards achieving short, intermediate, and long-
term outcomes according to intervention plans often using logic
models

X X X

3.14B Obtains and uses individual/population and community input and
feedback in asset mapping, needs assessment, gap analysis,
program outputs and outcomes

X X

3.14C Trains staff on data collection protocols and methods X X

3.15 Documents:

3.15A Date and time X X X

3.15B Specific and measurable treatment goals and expected outcomes X X X

3.15C Recommended interventions X X X

3.15D Population/individual/advocate/caregiver/community
receptiveness

X X X

3.15E Referrals made and resources used X X X

3.15F Population/individual/advocate/caregiver/community
comprehension

X X X

3.15G Knowledge, skill, and behavior change of populations/individuals X X X

3.15H Barriers to change X X X

3.15I Other information relevant to providing care and monitoring
progress over time

X X X

3.15J Plans for follow up and frequency of care X X X

3.15K Rationale for discharge or referral if applicable X X X

3.16 Reports to funders, policy makers, community partners, and other stakeholders X X X

3.17 Communicates and disseminates intervention acceptability, feasibility, and/or
efficacy via a brief or report with community partners and stakeholders

X X X

3.17A Integrates feedback from community partners and stakeholders on
intervention acceptability, feasibility, and/or efficacy

X X

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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Examples of Outcomes for Standard 3: Nutrition Intervention/Plan of Care
� Documentation of nutrition intervention/plan of care is: 1) Comprehensive (eg, revisions and updates to WIC policies,

education and practices); 2) Specific (eg, ways to incentivize fruit and vegetable purchases); 3) Accurate (eg, uses best
available research/evidence approaches); 4) Relevant (eg, allows adaptation for cultural preferences); 5) Timely (eg,
relevant to cultural and political context at a given moment); and 6) Dated and Timed (eg, documentation in WIC records)

� Documentation of nutrition intervention/plan of care is revised and updated as needed and determined by epidemio-
logical/tracking data. Considers nutrition and food/nutrition insecurity as a nutrition diagnosis and refers individuals to
nutritional services and food assistance programs

� Convene stakeholders and community partners (school officials, teachers, food service directors, elected officials) to
present plan for increasing school breakfast program offering within a county school system to address high levels of
childhood food/nutrition insecurity

� Appropriate prioritizing and setting of goals/expected outcomes
� Community partners and stakeholders involvement as an interprofessional team, as appropriate, in developing nutrition

intervention/plan of care
� Appropriate individualized population/individual-centered nutrition intervention/plan of care, including nutrition

prescription, is developed (eg, schedule intervention team meeting to plan intervention including review of policies
and practices, setting goals to increase participation in congregate meals)

� Interprofessional collaborations are used (eg, food bank RDNs collaborate with business owners and farmers to increase
availability of fresh produce to clients/populations)

� Logic model is used as a dynamic tool to document intervention/plan of care
� Improvement of health equity and community engagement in nutrition-related interventions

Standard 4: Nutrition Monitoring and Evaluation
The registered dietitian nutritionist (RDN) monitors and evaluates indicators and outcomes data directly related to the nutrition
diagnosis, goals, preferences, and intervention strategies to determine the progress made in achieving desired results of
nutrition care and services and whether planned interventions should be continued or revised.

Rationale:
Nutrition monitoring and evaluation are essential components of an outcomes management system in order to assure quality,
patient-/client-/population-centered care and to promote uniformity within the profession in evaluating the efficacy of nutrition
interventions. Through monitoring and evaluation, the RDN identifies important measures of change or patient/client/
population outcomes relevant to the nutrition diagnosis and nutrition intervention/plan of care; describes how best to measure
these outcomes; and intervenes when intervention/plan of care requires revision. Population-level programs involve policy,
system, and environmental interventions. Direct care for public health and community RDNs can involve the monitoring and
evaluation of nutrition-related policies, systems and/or environments.

Indicators for Standard 4: Nutrition Monitoring and Evaluation

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.1 Monitors progress: X X X

4.1A Assesses patient/client/advocate/population understanding and
compliance with nutrition intervention/plan of care

X X X

4.1A1 Tracks nutrition-related behaviors at a population level X X X

(continued on next page)
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Indicators for Standard 4: Nutrition Monitoring and Evaluation

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.1A1i Uses principles of epidemiology and basic
biostatistics to track trends

X X

4.1A2 Applies a range of evaluative measures (eg, qualitative,
quantitative, outcome and process information)

X X

4.1A3 Determines evaluation measures and systems for use with
population/individual interventions

X

4.1B Determines whether the nutrition intervention/plan of care is being
implemented as prescribed

X X X

4.1B1 Adjusts intervention based on evaluation data X X

4.1B2 Determines if measures are capturing desired outcomes (ie,
reliability and validity of measures)

X X

4.1B3 Integrates related health data sets into intervention planning
and adjustments

X

4.2 Measures outcomes: X X X

4.2A Selects the standardized nutrition care measurable outcome
indicator(s)

X X X

4.2A1 Identifies and tracks measurable outcome indicators at a
population level

X X X

4.2B Identifies positive or negative outcomes including impact on
potential needs for discharge/transitions of care

X X X

4.2B1 Documents effectiveness, accessibility, and quality of
population-based services

X X

4.2B2 Identifies unintended consequences and outcomes, adjusts
intervention based on findings (especially at policy,
environmental, and system level)

X

4.3 Evaluates outcomes: X X X

4.3A Compares monitoring data with nutrition prescription and
established goals or reference standard

X X X

4.3A1 Adjusts population level goals based on data outcomes and
comparisons

X X

4.3A2 Benchmarks datasets from program participants to national,
state, and local public health datasets (eg, Healthy People
National Health Objectives, health plan employer data and
information set)

X

4.3B Evaluates impact of the sum of all interventions on overall patient/
client/population health outcomes and goals

X X X

4.3B1 Participates in the evaluation of interventions X X X

(continued on next page)
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Indicators for Standard 4: Nutrition Monitoring and Evaluation

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.3B2 Leads evaluation of the efficacy and effectiveness of
interventions on overall population/individual health outcomes
in partnership with stakeholders and the community

X X

4.3B3 Analyzes legislative impact on health programs, federal food/
nutrition assistance programs, policies, and interventions

X X

4.3B4 Informs regulation development/changes by the
interventions’ impact and outcomes

X

4.3C Evaluates progress or reasons for lack of progress related to
problems and interventions

X X X

4.3C1 Assesses program/intervention assessment tools for
reliability and validity

X X

4.3C2 Engages population, community partners, and other
stakeholders to understand evaluation outcomes (eg,
satisfaction surveys, focus groups)

X X

4.3C3 Communicates evaluation outcomes related to barriers and
progress to community partners and stakeholders

X X

4.3C4 Develops and disseminates recommendations to inform
regulatory and programmatic changes informed by
evaluation progress

X

4.3D Evaluates evidence that the nutrition intervention/plan of care is
maintaining or influencing a desirable change in the patient/client/
population behavior or status

X X X

4.3D1 Evaluates behavior change through knowledge, skills, and
access utilizing the application of social, behavioral, and
educational theories

X X X

4.3D2 Evaluates impact of health status of populations participating
in public health nutrition services

X X

4.3D3 Identifies complex underlying problems beyond the scope of
nutrition, based on the social determinants of health, that are
influencing the intervention and recommends appropriate
intervention, partnering with community partners and
stakeholders

X

4.3E Supports conclusions with evidence X X X

4.3E1 Applies evidence-based approaches to evaluation at the
population level

X X X

4.3E2 Communicates conclusions and recommendations informed
by the evidence to community partners and stakeholders

X X

4.3E3 Develops and disseminates conclusions supported by the
evaluation evidence to inform regulatory and programmatic
change

X

(continued on next page)
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Indicators for Standard 4: Nutrition Monitoring and Evaluation

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.3F Applies surveillance systems to monitor population health over time X X

4.3G Evaluates impact of policy on health status of a population group X

4.4 Adjusts nutrition intervention/plan of care strategies, if needed, in
collaboration with patient/client/population/advocate/caregiver and
interprofessional team

X X X

4.4A Improves or adjusts intervention/plan of care strategies based upon
outcomes data, trends, best practices, and comparative standards

X X X

4.4A1 Monitors intervention for achievement of expected outcomes X X X

4.4A2 Conducts process evaluations and fidelity assessments to
ensure that programs are being implemented according to
standards/plans and for potential efficiencies

X X

4.4B Uses population level data to inform and adjust program(s) and
objectives

X X

4.4C Uses formative research and focus group testing for ongoing program/
intervention planning, evaluation, and adjustments for optimal outcomes

X X

4.4D Mobilizes community partners/stakeholders in analysis and
troubleshooting

X X

4.4E Mentors and guides process and planning in unpredictable and
dynamic situations (eg, in Community Health Assessment [CHA] and
Community Health Improvement Planning [CHIP] processes)

X

4.5 Documents:

4.5A Date and time X X X

4.5B Indicators measured, results, and the method for obtaining
measurement

X X X

4.5C Criteria to which the indicator is compared (eg, nutrition
prescription/goal or a reference standard)

X X X

4.5D Factors facilitating or hampering progress X X X

4.5E Other positive or negative outcomes X X X

4.5F Adjustments to the nutrition intervention/plan of care, if indicated X X X

4.5G Future plans for nutrition care, nutrition monitoring and evaluation,
follow up, referral, or discharge

X X X

4.5H Uses the logic model as a dynamic tool to document revisions/updates
to the plan of care, especially in population-based interventions

X X X

4.5I Reports to funders, policy makers, community partners, and other
stakeholders

X X X

(continued on next page)
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Indicators for Standard 4: Nutrition Monitoring and Evaluation

Bold Font Indicators are Academy Core RDN Standards of Practice Indicators The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.6 Communicates and disseminates evaluation findings via a brief or report with
the community partners and stakeholders

X X

4.7 Integrates feedback from community partners and stakeholders in
documenting evaluation

X X

4.7A Uses public health principles of epidemiology and Equitable Evaluation
Framework (www.equitableeval.org) in all documenting monitoring
and tracking of outcomes

X X

Examples of Outcomes for Standard 4: Nutrition Monitoring and Evaluation
� The population/individual outcome(s) directly relate to the nutrition diagnosis and the goals established in the nutrition

intervention/plan of care. Examples include, but are not limited to:
B Nutrition outcomes (eg, change in knowledge, behavior, food, or nutrient intake)
B Clinical and health status outcomes (eg, change in laboratory values, body weight, blood pressure, risk factors, signs

and symptoms, clinical status, infections, complications, morbidity, and mortality)
B Individual-centered outcomes (eg, quality of life, satisfaction, self-efficacy, self-management, functional ability)
B Population-centered outcomes (eg, access to and consumption of fruits/vegetables, changes in prevalence of

nutrition and food/nutrition insecurity, increase in rate of breastfeeding duration, increased access to federal food/
nutrition assistance programs, and improved food systems)

B Health care utilization and cost effectiveness outcomes (eg, special procedures, decreased admission for pre-
ventable nutrition related problems, prevented or delayed morbidity, and mortality)

� Documentation of nutrition monitoring and evaluation is comprehensive, specific, accurate, relevant, and timely
� Process includes long-term tracking and monitoring of health equity and social determinants of health.

aAdvocate: An advocate is a person who provides support and/or represents the rights and interests at the request of the
patient/client. The person may be a family member or an individual not related to the patient/client who is asked to support the
patient/client with activities of daily living or is legally designated to act on behalf of the patient/client, particularly when the
patient/client has lost decision making capacity. (Adapted from definitions within The Joint Commission Glossary of Terms56

and the Centers for Medicare and Medicaid Services, Hospital Conditions of Participation).50

bInterprofessional: The term interprofessional is used in this evaluation resource as a universal term. It includes a diverse group
of team members (eg, physicians, nurses, dietitian nutritionists, psychologists, epidemiologists, social workers, planners, and
other public health professionals), depending on the needs of the individual/population. Interprofessional could also mean
interdisciplinary or multidisciplinary.
cNon-physician practitioner: A non-physician practitioner may include a physician assistant, nurse practitioner, clinical nurse
specialist, certified registered nurse anesthetist, certified nurse-midwife, clinical social worker, clinical psychologist,
anesthesiologist’s assistant, qualified dietitian or qualified nutrition professional. Disciplines considered for privileging by a
facility’s governing body and medical staff must be in accordance with state law.50,51 The term privileging is not referenced in
the Centers for Medicare and Medicaid Services long-term care (LTC) regulations. With publication of the Final Rule revising the
Conditions of Participation for LTC facilities effective November 2016, post-acute care settings, such as skilled and long-term
care facilities, may now allow a resident’s attending physician the option of delegating order writing for therapeutic diets,

(continued on next page)

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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nutrition supplements or other nutrition-related services to the qualified dietitian or clinically qualified nutrition professional, if
consistent with state law, and organization policies.53,54

Acronyms:
aWIC¼Special Supplemental Nutrition Program for Women Infants and Children (United States) (http://www.fns.usda.gov/wic/women-
infants-and-children-wic)
bBRFSS¼Behavioral Risk Factor Surveillance System (http://www.cdc.gov/brfss/index.htm)
cYRBSS¼Youth Risk Behavior Surveillance System (http://www.cdc.gov/HealthyYouth/yrbs/index.htm)
dNSLP¼National School Lunch Program (http://www.fns.usda.gov/nslp/national-school-lunch-program-nslp)
eNAM¼National Academies of Medicine (United States) (https://nam.edu/)
fDGA¼Dietary Guidelines for Americans (http://www.cnpp.usda.gov/dietaryguidelines)
gCDC¼Centers for Disease Control and Prevention (United States) (http://www.cdc.gov)
hWHO¼World Health Organization (http://www.who.int/en/)
iNASPE¼National Standards for Physical Education (http://www.shapeamerica.org/standards/pe/)
jNHANES¼National Health and Nutrition Examination Survey (United States) (http://www.cdc.gov/nchs/nhanes.htm)
kSHIPs¼State Health Improvement Plans (http://www.astho.org/WorkArea/DownloadAsset.aspx?id1/4 6597)
lSNAP-Ed¼Supplemental Nutrition Assistance Program Education (http://www.fns.usda.gov/snap/supplemental-nutritionassistance-
program-education-snap-ed)
mUSDA¼US Department of Agriculture (http://www.usda.gov/wps/portal/usda/usdahome)
nNGOs¼nongovernmental organizations

Figure 4. (continued) Standards of Practice for registered dietitian nutritionists (RDNs) in Public Health and Community Nutrition.
The term population/individual could also mean client/patient, resident, participant, consumer, community, stakeholder or any
individual or group who receives public health and community nutrition care and services.
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Standards of Professional Performance for Registered Dietitian Nutritionists in Public Health and Community Nutrition
Standard 1: Quality in Practice
The registered dietitian nutritionist (RDN) provides quality services using a systematic process with identified ethics, leadership,
accountability, and dedicated resources.

Rationale:
Quality practice in nutrition and dietetics is built on a solid foundation of education and supervised practice, credentialing,
evidence-based practice, demonstrated competence, and adherence to established professional standards. Quality practice
requires systematic measurement of outcomes, regular performance evaluations, and continuous improvement.

Indicators for Standard 1: Quality in Practice

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.1 Complies with applicable laws and regulations as related to his/her area(s)
of practice

X X X

1.1A Adheres to laws and regulations regarding discrimination (eg, hiring,
contractors, and customers), and provides appropriate signage and
training as needed (eg, USDAa nondiscrimination statement)

X X X

1.2 Performs within individual and statutory scope of practice and applicable
laws and regulations

X X X

1.2A Incorporates the Public Health Core Functions and 10 Essential
Services in practice (https://www.cdc.gov/publichealthgateway/
publichealthservices/essentialhealthservices.html)

X X X

1.2B Follows any additional scope of practice requirements related to
additional credentialing or position (eg, Certified Health Education
Specialist [CHES], Certified Diabetes Care and Education Specialist
[CDCES])

X X X

1.3 Adheres to sound business and ethical billing practices applicable to the
setting

X X X

1.3A Provides accurate and timely financial reports to funders (eg, federal,
tribal, state, local or community governmental organizations,
foundations, and non-profits) as fiscal stewards of public and
philanthropic funds

X X

1.4 Uses national quality and safety data (eg, National Academies of Sciences,
Engineering, and Medicine: Health and Medicine Division, National Quality
Forum, Institute for Healthcare Improvement) to improve the quality of
services provided and to enhance customer-centered services

X X X

1.4A Contributes to interprofessional team to promote understanding
and adoption of national quality and safety data

X X

1.4B Leads local, state, national, and/or international quality initiative
efforts to support public health and community nutrition goals and
best practices

X

(continued on next page)

Figure 5. Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and Nommunity
Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean population, client/
patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN collaborates with or
provides service.
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Indicators for Standard 1: Quality in Practice

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.5 Uses a systematic performance improvement model that is based on
practice knowledge, evidence, research, and science for delivery of the
highest quality services

X X X

1.5A Incorporates health behavior theory, logic models, and/or other
appropriate models to plan and implement programs and services;
consults with more experienced practitioners as needed

X X X

1.5B Develops logic models and/or other appropriate models to plan and
implement programs and services

X X

1.5C Mentors less experienced practitioners on using appropriate models
to plan and implement programs and services

X

1.6 Participates in or designs an outcomes-based management system to
evaluate safety, effectiveness, quality, person-centeredness, equity,
timeliness, and efficiency of practice

X X X

1.6A Involves colleagues and others, as applicable, in systematic
outcomes management

X X X

1.6A1 Engages community members, funders, and
interprofessional stakeholders in developing and
monitoring outcomes-based management systems

X X

1.6B Defines expected outcomes X X X

1.6B1 Includes process, impact, and outcome indicators, often
with the support of logic models

X X X

1.6B2 Relates program outcomes to multi-level outcomes (eg,
agency, program, population/individual outcomes/needs)

X X

1.6C Uses indicators that are specific, measurable, attainable, realistic,
and timely (S.M.A.R.T.)

X X X

1.6C1 Develops benchmarks to evaluate the success of the
nutrition initiative

X X

1.6D Measures quality of services in terms of structure, process, and
outcomes

X X X

1.6D1 Considers short-, medium- and long-term outcomes,
collaborating across agencies and partners, including cost
effectiveness

X X

1.6E Incorporates electronic clinical quality measures to evaluate and
improve care of population/individuals at risk for malnutrition or
with malnutrition (www.eatrightpro.org/emeasures) or nutrition/
food insecurity

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 1: Quality in Practice

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.6E1 Ensures that nutrition assessment using evidence-based
screening tools for the setting and/or population is a
component of program planning

X X X

1.6F Documents outcomes and patient reported outcomes (eg,
PROMISa)

X X X

1.6F1 Engages interprofessional partners, including the
community, in documenting outcomes and impact

X X

1.6G Participates in, coordinates, or leads program participation in
local, regional or national registries and data warehouses used for
tracking, benchmarking, and reporting service outcomes

X X X

1.7 Identifies and addresses potential and actual errors and hazards in
provision of services or brings to attention of supervisors and team
members as appropriate

X X X

1.7A Applies food safety and sanitation protocols within food distribution
programs

X X X

1.7B Works closely with federal, tribal, state, and local regulatory bodies
to inform the public on food recalls, supply chain issues and
environmental hazards based on epidemiological surveillance data

X X

1.7C Applies Health Impact Assessments (https://www.cdc.gov/
healthyplaces/hia.htm) and/or biostatistical assessments to address
unintended consequences

X X

1.7D Leads, in collaboration with stakeholders, development of processes
to identify, address, and prevent errors or hazards (eg, state food
safety protocols)

X

1.8 Compares actual performance to performance goals (ie, Gap Analysis, SWOT
Analysis [Strengths, Weaknesses, Opportunities, and Threats], PDSA Cycle
[Plan-Do-Study-Act], DMAIC [Define, Measure, Analyze, Improve, Control])

X X X

1.8A Reports and documents action plan to address identified gaps in
care and/or service performance

X X X

1.9 Evaluates interventions and workflow process(es) and identifies service and
delivery improvements

X X X

1.9A Participates in dissemination and collection of intervention
evaluations

X X X

1.9B Engages community members and stakeholders in intervention
evaluations (eg, satisfaction surveys, alignment with cultural norms,
process and outcome evaluations)

X X

1.9C Designs systems and process for obtaining community and
stakeholder participation in intervention evaluations

X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 1: Quality in Practice

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

1.10 Improves or enhances population/individual care and/or services working
with others based on measured outcomes and established goals

X X X

1.10A Uses culturally sensitive group engagement processes to improve
/enhance services

X X X

1.10B Ensures that services account for social determinants of health, health
disparities, cultural competence, racial equity, and health equity

X X X

1.10C Oversees and revises process and outcome evaluation efforts to
improve services

X X

1.10D Leads the development of performance improvement activities;
designs and implements evaluation protocols, analyzes data, and
implements improvements

X

Examples of Outcomes for Standard 1: Quality in Practice
� Actions are within scope of practice and applicable laws and regulations (eg, in providing MNTb/counseling; resources

and guides individuals/populations based on state WIC, school nutrition, and/or CACFP policies)
� Use of national quality standards and best practices are evident in individual/population-centered services (eg, organizes,

participates in training on, and demonstrates effective application of Value Enhanced Nutrition Assessment)
� Performance indicators are specific, measurable, attainable, realistic, and timely (S.M.A.R.T.) (eg, ensures program ob-

jectives align with and evaluation tools are valid and reliable in measuring intended outcomes)
� Aggregate outcomes meet pre-established criteria (eg, application of safe food handling guidelines results in lowered

risk/incidence of foodborne illness in food rescue program)
� Results of quality improvement activities direct refinement and advancement of practice (eg, focus groups and client

feedback forms are used to measure satisfaction with program participation and areas for improved delivery)

Standard 2: Competence and Accountability
The registered dietitian nutritionist (RDN) demonstrates competence in and accepts accountability and responsibility for
ensuring safe, quality practice and services.
Rationale:
Competence and accountability in practice includes continuous acquisition of knowledge, skills, experience, and judgment in
the provision of safe, quality customer-centered service for individuals and populations.

Indicators for Standard 2: Competence and Accountability

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

2.1 Adheres to the code(s) of ethics (eg, Academy/CDR, other national
organizations, and/or employer code of ethics)

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 2: Competence and Accountability

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

2.1A Applies Public Health Code of Ethics (https://www.apha.org/-/media/
files/pdf/membergroups/ethics/code_of_ethics.ashx) and the
principle of interdependence of people and the health of the
community

X X X

2.1B Applies Academy/CDR and Public Health Codes of Ethics within the
context of federal, tribal, state, local, and agency guidelines (eg,
advocacy guidelines)

X X X

2.2 Integrates the Standards of Practice (SOP) and Standards of Professional
Performance (SOPP) into practice, self-evaluation, and professional
development

X X X

2.2A Integrates applicable focus area SOPs and SOPPs into practice
according to populations served (eg, Sustainable, Resilient, and
Healthy Food and Water Systems, Diabetes Care, Pediatric Nutrition)

X X X

2.2B Incorporates the Public Health Community Nutrition SOP and SOPP
into human resources systems (eg, job descriptions and performance
plans, competence assurance evaluations)

X X

2.3 Demonstrates and documents competence in practice and delivery of
customer-centered service(s)

X X X

2.3A Documents the engagement of the community and stakeholders in
the delivery of services

X X X

2.4 Assumes accountability and responsibility for actions and behaviors X X X

2.4A Identifies, acknowledges, and corrects errors X X X

2.4A1 Reports errors and problems to funding agencies and
ethical review boards

X X

2.4B Uses lessons learned from previous projects X X

2.4C Ensures that all staff (including paraprofessionals or colleagues in
other disciplines) have adequate training to deliver appropriate
services; seeks consultation if needed

X X

2.4D Directs and develops policies that assure accountability X

2.5 Conducts self-assessment at regular intervals X X X

2.5A Identifies needs for professional development X X X

2.5B Uses self-assessment tools such as those incorporated in
the Guidelines for Developing and Enhancing Skills in Public
Health and Community Nutrition Practice, 3rd Edition
(https://www.phcnpg.org/phcn/resources/2018-3rd-edition-the-
guide) and/or Maternal Child Health Navigator (https://www.
mchnavigator.org/assessment/)

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 2: Competence and Accountability

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

2.6 Designs and implements plans for professional development X X X

2.6A Develops plan and documents professional development activities
in career portfolio (eg, organizational policies and procedures,
credentialing agency[ies])

X X X

2.6A1 Includes professional development goals around core
competencies for public health practice (https://www.phf.
org/programs/corecompetencies/Pages/Core_
Competencies_Domains.aspx)

X X X

2.6A2 Includes professional development goals to develop or
enhance knowledge and skills related to public health
nutrition categories of practice (eg, nutrition; advocacy;
communication; research; policy, systems, and
environmental change; and leadership)

X X

2.7 Engages in evidence-based practice and uses best practices X X X

2.7A Incorporates best practices for addressing the health needs of
individuals and population groups

X X X

2.7B Collaborates with key partners and allied professionals (eg, urban
planners, social workers) to ensure incorporation of evidence-based
and best practices from their fields in program planning and
implementation

X X X

2.7C Uses health behavior theories as the framework for best practices X X X

2.7D Participates in councils, committees, and taskforces that shape
evidence-based guidelines and practices supported by policy

X X

2.8 Participates in peer review of others as applicable to role and
responsibilities

X X X

2.8A Addresses public health domains in evaluation of self-performance
and peer or employee evaluations

X X X

2.9 Mentors and/or precepts others X X X

2.9A Guides the professional development and training of
paraprofessionals, volunteers, community health workers and
promotoras working in the community

X X X

2.9B Mentors or serves as a preceptor for community nutrition students
and dietetic interns as well as novice public health students
considering specialties in nutrition and food systems

X X X

2.9C Participates in mentoring students, dietetic interns, entry-level RDNs
and RDNs changing field(s)

X X

2.9D Provides expertise and council to educational institutions related to
mentoring and training of community and public health nutrition
professionals

X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 2: Competence and Accountability

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

2.10 Pursues opportunities (education, training, credentials, certifications) to
advance practice in accordance with laws and regulations, and
requirements of practice setting

X X X

2.10A Remains informed on nutrition practice-related laws and public
policy

X X X

2.10B Participates in training to ensure that programs are fair and equitable X X X

2.10C Monitors public health nutrition program integrity and gains
professional development as it relates to program regulations and
nutrition standards (eg, FNSc programming: WICd, CACFPe, NSLPf)

X X

Examples of Outcomes for Standard 2: Competence and Accountability
� Practice reflects codes of ethics and adheres to ethical principles relevant to public health issues (eg, Skills for the Ethical

Practice of Public Health, James Thomas, PhD, MPH, Univ. of N. Carolina e Public Health Leadership Society, 2004)
� Practice reflects the PHCN SOP and SOPP as a basis for all interactions with organizations, communities, populations, and

individuals
� Competence is demonstrated and documented (Core Competencies for Public Health Professionals, Council on Linkages

between Academia and Public Health Practice http://www.phf.org/programs/corecompetencies)
� Safe, quality population/individual service is provided which is population-/individual-centered recognizing community

linkages and relationships among multiple factors/determinants (eg, uses the socialeecological model)
� Practice incorporates successful strategies for interactions with populations/individuals from diverse backgrounds (cul-

tural, socioeconomic, educational, racial, gender, age, ethnic, sexual orientation, religious, mental/physical capabilities)
� Self-assessments are conducted regularly using this SOP and SOPP
� Professional development needs are identified and incorporate assessment of skills for Public Health Professionals (eg,

Competency Assessment, Public Health Foundation)
� Practice reflects evidencedebased practice and best practices e partnerships are developed with other Public Health/

Community professionals to build the scientific base
� Commission on Dietetic Registration recertification requirements are met

Standard 3: Provision of Services
The registered dietitian nutritionist (RDN) provides safe, quality service based on customer expectations, and needs, and the
mission, vision, principles, and values of the organization/business.

Rationale:
Quality programs and services are designed, executed, and promoted based on the RDN’s knowledge, skills, experience,
judgment, and competence in addressing the needs and expectations of the organization/business and the populations/
individuals it serves.

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.

(continued on next page)
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.1 Contributes to or leads in development and maintenance of programs/
services that address needs of the population(s) and individual(s)

X X X

3.1A Aligns program/service development with the mission, vision,
principles, values, and service expectations and outputs of the
organization/business

X X X

3.1A1 Uses logic models in order to meet the health outcomes of
individuals/populations

X X X

3.1A2 Collaborates with stakeholders to meet the needs of
population(s)/individuals

X X

3.1A3 Develops programs with short-, medium- and long-term
goals with a shared vision of health across all levels of the
socio-ecological model in order to maximize the reach and
effectiveness of programs

X

3.1B Uses the needs, expectations, and desired outcomes of the
populations/individuals (eg, patients/clients, families, community,
decision makers, administrators, client organization[s]) in program/
service development

X X X

3.1B1 Includes the community, policy makers, and other
stakeholders in the development of programs in all stages
of program development and implementation

X X X

3.1B2 Employs a health equity lens to the development of
programs

X X X

3.1B3 Integrates population-based/formative assessments
findings into service delivery

X X

3.1C Makes decisions and recommendations that reflect stewardship of
time, talent, finances, and environment

X X X

3.1C1 Shapes, modifies, and adapts program and service delivery
in alignment with population/individual input

X X

3.1C2 Shapes, modifies, and adapts program and service delivery
in alignment with funding requirements and priorities

X X

3.1C3 Works to transform community environments through
population-level programs that promote health equity

X

3.1D Proposes programs and services that are customer-centered,
culturally appropriate, minimize disparities, and promotes health
equity

X X X

3.1D1 Follows federal guidance (eg, USDA, FNS, and CDCg) to
ensure that programming incorporates inclusivity, equality,
and equity

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.1D2 Collaborates with community stakeholders in the
development, adaptation, and sustainability of programs

X X X

3.1D3 Uses and collects data to track changes in health disparities
and ensure inclusivity, equality, and equity

X X

3.1D4 Creates messages and opportunities to address social
justice and social equity

X X

3.1D5 Develops recommendations in collaboration with
community stakeholders related to policy, systems, and
environmental support

X

3.2 Promotes public access and referral to credentialed nutrition and dietetics
practitioners for quality food and nutrition programs and services

X X X

3.2A Contributes to or designs referral systems that promote access to
qualified, credentialed nutrition and dietetics practitioners

X X X

3.2A1 Ensures that RDNs are part of a interprofessional approach
across collaborative programs and efforts

X X X

3.2A2 Establishes and/or facilitates networks that include RDNs or
nutrition and dietetics technicians, registered and other
disciplines who promote PHCN

X X

3.2B Refers customers to appropriate providers when requested services
or identified needs exceed the RDN’s individual scope of practice

X X X

3.2B1 Verifies potential referral provider’s care reflects evidence-
based information/research and professional standards of
practice

X X X

3.2B2 Implements established agreements and referral systems
for social and health-related services (eg, dental, family
planning, community action agencies)

X X X

3.2B3 Creates policies and practices that support a strong safety
net for populations/individuals

X X

3.2B4 Establishes agreements and referral systems with health
and community partners

X

3.2B5 Supports referral sources with curriculum and training
regarding needs of individual/population

X

3.2C Monitors effectiveness of referral systems and modifies as needed to
achieve desirable outcomes

X X X

3.2C1 Collects and uses data to track effectiveness of referral
systems (eg, WIC information systems) for targeted
outcomes

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.2C2 Shares aggregate referral data and related outcomes of the
referral with external partners (eg, reports on smoking rates)

X X X

3.2C3 Completes process and outcome evaluation of referral
system and reports back to stakeholders and/or funders

X X

3.2C4 Modifies referral system in collaboration with stakeholders
to improve effectiveness

X X

3.3 Contributes to or designs population- /individual-centered services X X X

3.3A Assesses needs, beliefs/values, goals, resource, and social
determinants of health of the population/individual,

X X X

3.3A1 Conducts needs assessments (eg, community health
assessments) in partnership with community stakeholders;
consults with more experienced practitioners as needed

X X X

3.3A2 Develops targeted, tailored, and/or personalized services
based on needs assessments and cultural norms

X X X

3.3A3 Conducts formative assessments/research in developing
services

X X

3.3B Uses knowledge of the population’s/individual’s health conditions,
cultural beliefs, and business objectives/services to guide design and
delivery of customer-centered services

X X X

3.3B1 Collaborates with community stakeholders to ensure
comprehensive services

X X X

3.3B2 Tailors interventions based on health behavior theory (eg,
stages of change, socio-ecological model, social cognitive
theory)

X X X

3.3B3 Uses common terminology with community stakeholders to
promote nutrition initiatives/services

X X X

3.3B4 Creates programs tailored to populations’ needs based on
nutrition-related factors identified in assessments

X X

3.3B5 Convenes stakeholder meetings to continually incorporate
feedback from community partners into nutrition-related
programming

X X

3.3B6 Co-designs nutrition interventions with community partners
and stakeholders (eg, uses spectrum of public health
participation framework; https://www.iap2.org/mpage/
Home)

X

3.3C Communicates principles of disease prevention and behavioral
change appropriate to the customer or target population

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.3C1 Communicates the relationship between food,
environment/systems, and disease prevention as the
foundation for nutrition education, programs, and
prevention approaches

X X X

3.3C2 Connects food and the environment/systems using the
socio-ecological model for clients, individuals, populations,
and stakeholders

X X

3.3C3 Supports and creates opportunities for systems-level long-
term interventions to improve health equity for
populations/individuals

X

3.3D Collaborates with the population/individual to set priorities,
establish goals, and create population-/individual-centered action
plans to achieve desirable outcomes

X X X

3.3D1 Uses and prioritizes a participatory process to engage
populations/individuals at all steps

X X X

3.3E Involves customers in decision making X X X

3.4 Executes programs/services in an organized, collaborative, cost effective, and
customer-centered manner

X X X

3.4A Collaborates and coordinates with peers, colleagues, stakeholders,
and within interprofessionalb teams

X X X

3.4A1 Consults and provides expertise with partners and
stakeholders to ensure evidence-based nutrition services

X X X

3.4A2 Shares initiatives and health outcomes of services with all
levels of stakeholders and policy makers (eg, evaluations
shared with government and legislature, policy makers,
school communities); consults with more experienced
practitioners as needed

X X

3.4A3 Ensures that nutrition is integrated in interprofessional
programs across the life span (eg, childcare, schools, senior
programs)

X X

3.4A4 Leads interprofessional and/or interagency teams
addressing community and public health nutrition priorities

X

3.4B Uses and participates in, or leads in the selection, design, execution,
and evaluation of population/individual programs and services (eg,
nutrition screening system, medical and retail foodservice, electronic
health records, interprofessional programs, community education,
grant management)

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.4B1 Comments on state and federal rules to actively shape
nutrition programs (eg, MCHBh block grant and federal
food/nutrition assistance programs)

X X X

3.4B2 Incorporates social determinants of health and health
equity into program and service evaluation

X X

3.4B3 Communicates feasibility and fiscal implications of services
with funders, policy makers, and stakeholders

X

3.4B4 Justifies public dollars and ROIi based on services X

3.4B5 Writes and reviews guidelines and regulations for local,
state, tribal, and federal programs

X

3.4C Uses and develops or contributes to selection, design and
maintenance of policies, procedures (eg, discharge planning/
transitions of care, emergency planning), protocols, standards of
care, technology resources (eg, Health Insurance Portability and
Accountability Act [HIPAA]-compliant telehealth platforms), and
training materials that reflect evidence-based practice in accordance
with applicable laws and regulations

X X X

3.4C1 Participates in training on policies and procedures X X X

3.4C2 Conducts reviews to ensure that policies and procedures are
followed

X X

3.4C3 Demonstrates effectiveness of staff training in compliance
with policies and procedures

X X

3.4C4 Ensures that program staff have the appropriate
technology, infrastructure, and tools to implement
programs/services according to policies and procedures

X X

3.4C5 Coordinates and critically examines access to and
infrastructure for food and water, especially during public
health emergencies (eg, ensures refrigeration transportation
and storage; supply chain disruptions)

X X

3.4C6 Documents that policies and practices are being
implemented appropriately to provide a data-driven
practice

X X

3.4C7 Solicits funds for safe and healthy food and water and the
infrastructure for safe delivery and transport, especially
during public health emergencies

X

3.4C8 Interprets federal regulations for local and state policy
implementation

X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.4C9 Conducts feasibility analyses to ensure alignment with
expected outcomes and sustainability

X

3.4C10 Forecasts financing and mechanisms for funding nutrition
services

X

3.4D Uses and participates in or develops processes for order writing and
other nutrition-related privileges, in collaboration with the medical
staffc, or medical director (eg, post-acute care settings, dialysis
center, public health, community, free-standing clinic settings),
consistent with state practice acts, federal, tribal, state, and local
regulations, organization policies, and medical staff rules,
regulations, and bylaws

X X X

3.4D1 Uses and participates in or leads development of
processes for privileges or other facility-specific processes
related to (but not limited to) implementing physician/
non-physician practitionerd-driven delegated orders or
protocols, initiating or modifying orders for therapeutic
diets, medical foods/nutrition supplements, dietary
supplements, enteral and parenteral nutrition, laboratory
tests, medications, and adjustments to fluid therapies or
electrolyte replacements

X X X

3.4D2 Uses and participates in or leads development of
processes for privileging for provision of nutrition-related
services, including (but not limited to) initiating and
performing bedside swallow screenings, inserting and
monitoring nasoenteric feeding tubes, providing home
enteral nutrition or infusion management services (eg,
ordering formula and supplies), and indirect calorimetry
measurements

X X X

3.4D3 Complies with federal, tribal, state, and local regulations to
administer individual nutrition services (eg, special WIC
formulas and special diets in schools)

X X X

3.4E Complies with established billing regulations, organization policies,
grant funder guidelines, if applicable to role and setting, and
adheres to ethical and transparent financial management and billing
practices

X X X

3.4E1 Collects data to support funding and program costs X X X

3.4E2 Manages financial operations in accordance with grant/
funding requirements and guidelines

X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.4E3 Oversees rules regarding braid (mixing and intertwining)
funding (eg, state money with foundation funds) are being
followed

X

3.4E4 Maximizes population impact by leveraging funding and
institutes policies and practices to prevent supplanting of
funds

X

3.4F Communicates with the interprofessional team and referring party
consistent with the HIPAA rules for use and disclosure of customer’s
personal health information

X X X

3.4F1 Operates in accordance with local, state, federal, and tribal
guidance on disclosure/protection of personal identifying
information

X X X

3.5 Uses professional, technical, and support personnel appropriately in the
delivery of population-/individual-centered care or services in accordance
with laws, regulations, and organization policies and procedures

X X X

3.5A Assigns activities, including direct care to populations/individuals,
consistent with the qualifications, experience, and competence of
professional, technical, and support personnel

X X X

3.5A1 Designs procedures to appropriately assign referrals based
on nutrition risk and competence level of health
professionals (eg, support personnel such as
paraprofessionals providing nutrition education in WIC)

X X

3.5A2 Creates and provides continuing education for staff at all
levels and partnering agencies

X X

3.5B Supervises professional, technical, and support personnel X X X

3.6 Designs and implements food delivery systems to meet the needs of
individuals/target populations

X X X

3.6A Collaborates in or leads the design of food delivery systems to
address health care needs and outcomes (including nutrition status),
ecological sustainability, and to meet the culture and related needs
and preferences of target populations (ie, health care patients/
clients, employee groups, visitors to retail venues, schools, child and
adult day care centers, community feeding sites, farm to institution
initiatives, local food banks)

X X X

3.6A1 Tailors food availability within federal programs (eg, WIC
food packages) to populations’ and individuals’ needs

X X X

3.6A2 Supports and leverages increased healthy food access
across food assistance programs (eg, food banks and food
assistance programs)

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.6A3 Collaborates with interprofessional partners to create and
improve access to healthy food systems (eg, farmers
markets, healthy food financing, food policy councils/
coalitions, community supported agriculture initiatives)

X X X

3.6A4 Participates in outreach and/or referrals to ensure those
who are eligible participate in federal food/nutrition
assistance programs

X X X

3.6A5 Considers access to food and water delivery systems, (eg,
during public health emergencies)

X X X

3.6A6 Advocates for public and private food outlets to be
considered essential services, especially during public
health emergencies

X X

3.6B Participates in, consults/collaborates with, or leads the development
of menus to address health, nutritional, and cultural needs of
population(s) consistent with federal, tribal, state or funding source
regulations or guidelines

X X X

3.6B1 Provides age- and culturally-appropriate menu
recommendations for federally-funded nutrition programs (eg,
fruit and vegetable snacks for early childhood education and
texture-friendly meals for home delivered meals)

X X X

3.6B2 Engages in menu-planning guidelines/regulation
development with state licensing authorities

X X

3.6B3 Informs the development of meal plans/patterns at the
federal level (eg, National School Lunch Program [NSLP]
meal patterns)

X

3.6C Participates in, consults/collaborates with, or leads interprofessional
process for determining medical foods/nutritional supplements,
dietary supplements, enteral and parenteral nutrition formularies,
and delivery systems for target population(s)

X X X

3.7 Maintains records of services provided X X X

3.7A Documents according to organization policies, procedures,
standards, and systems including electronic health records

X X X

3.7A1 Creates reports as required by state, tribal and federal
program regulations and/or grant requirements

X X

3.7B Implements data management systems to support interoperable
data collection, maintenance, and utilization

X X X

3.7B1 Transfers local and state data to federal agencies (eg, USDA
Participant Characteristics Report)

X X X

(continued on next page)
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.7B2 Participates in nutrition surveillance systems X X X

3.7B3 Aligns measures with state, tribal, and federal
recommendations

X X

3.7B4 Creates data management systems for local and state
nutrition surveillance

X X

3.7B5 Implements the collection of new measures and data in
order to improve understanding of impact of services

X

3.7C Uses data to document outcomes of services (ie, staff productivity,
cost/benefit, budget compliance, outcomes, quality of services) and
provide justification for maintenance or expansion of services

X X X

3.7C1 Monitors and documents short-, medium- and long-term
outcomes

X X X

3.7C2 Shares program outcomes and impact with the program
participants, stakeholders, and public

X X X

3.7C3 Provide structure and systems for staff to create reports to
identify program outcomes and gaps

X X

3.7C4 Uses data to guide strategic decisions about programming
and services

X

3.7D Uses data to demonstrate program/service achievements and
compliance with accreditation standards, laws, and regulations

X X X

3.7D1 Conducts (eg, though management evaluations) reviews to
ensure compliance with state policies and tribal and federal
regulations

X X

3.8 Advocates for provision of quality food and nutrition services as part of
public policy

X X X

3.8A Communicates with policy makers regarding the benefit/cost of
quality food and nutrition services

X X X

3.8A1 Identifies policies and proposed legislation at local, state,
tribal, federal, and international levels that impact public
health nutrition

X X X

3.8A2 Considers organization policies related to advocacy X X X

3.8A3 Promotes policy change in support of public health and
community nutrition services

X X

3.8A4 Collaborates with groups working on public health nutrition
policies and legislation at local, state, tribal, federal, and
international levels

X X

(continued on next page)
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Indicators for Standard 3: Provision of Services

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

3.8A5 Performs public health and community nutrition policy
analysis, identifies gaps and opportunities in current public
policies, and adjusts strategies as needed

X

3.8A6 Develops and implements a communication plan to
educate policy makers about benefit/cost of quality public
health and community nutrition services

X

3.8B Advocates in support of food and nutrition programs and services
for populations with special needs and chronic conditions

X X X

3.8B1 Advances access to healthy food/water and food assistance
programs for underserved populations including
underserved groups (eg, individuals living on reservations)

X X X

3.8C Advocates for protection of the public through multiple avenues of
engagement (eg, legislative action, establishing effective
relationships with elected leaders and regulatory officials,
participation in various Academy committees, workgroups and task
forces, Dietetic Practice Groups, Member Interest Groups, and State
Affiliates)

X X X

3.8C1 Serves on local, state, tribal, federal, or international
committees that support policies and initiatives that
improve the delivery of public health and community
nutrition as appropriate to experience and skill level

X X X

3.8C2 Organizes dynamic grassroots campaigns to educate and
engage the community on benefit/cost of quality public
health and community nutrition services

X X

3.8C3 Provides leadership to colleagues (RDNs, community
members, and other public health professionals) on
nutrition and public policy

X X

3.8C4 Facilitates forums about proposed legislation, rules, or
codes that impact the delivery of quality public health and
community nutrition services

X X

3.8C5 Takes on leadership roles in local, state, and national
advisory groups related to public health nutrition laws and
regulations

X

3.8C6 Develops draft legislation or policies in cooperation with
policy makers that advance public health and community
nutrition services

X

(continued on next page)
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Examples of Outcomes for Standard 3: Provision of Services
� Program/service design and systems aligns with organization/agencies mission and is centered around population/in-

dividual needs and impact
� Populations and communities participate in establishing goals and population/individual-focused action plans
� Population/individual needs are met and feel that public health/community nutrition programs are responsive to

population/individual concerns about nutrition and health
� The public is actively engaged in improving the health of themselves and their larger community
� Evaluations reflect expected outcomes including efficiency, effectiveness, and ability to achieve equity among

populations
� Effective screening and referral services are established
� Populations/Individuals have access to food assistance that promotes health and well-being
� Populations/Individuals have access to food and nutrition services at the federal, tribal, state, and local levels
� Support personnel are supervised when applying nutrition care standards in programs and policies
� Ethical and transparent funding practices are used in all aspects of grant management
� Health equity is improved for populations/individuals

Standard 4: Application of Research
The registered dietitian nutritionist (RDN) applies, participates in, and/or generates research to enhance practice. Evidence-
based practice incorporates the best available research/evidence and information in the delivery of nutrition and dietetics
services.

Rationale:
Application, participation, and generation of research promote improved safety and quality of nutrition and dietetics practice
and services.

Indicators for Standard 4: Application of Research

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.1 Reviews best available research/evidence and information for application to
practice

X X X

4.1A Understands basic research design and methodology X X X

4.1B Identifies evidence-based information from multiple disciplines and
sources (eg, government, national/international nongovernmental
organization publications)

X X X

4.1C Demonstrates understanding of research design and methodology,
data collection, interpretation of results, and application within
individual and population groups

X X

4.1D Demonstrates the experience and critical thinking skills required to
evaluate strength of original research, including limitations and
potential bias, and evidence-based guidelines relevant to public health
and community nutrition

X X

(continued on next page)
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Indicators for Standard 4: Application of Research

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.2 Uses best available research/evidence and information as the foundation for
evidence-based practice

X X X

4.2A Follows evidence-based practice guidelines and recommendations (eg,
Academy EALj, APHAk, NAMl, CDC, WHOm, HRSAn, USDA, MCHB,
USPSTFo, HHSp, AAPq) to provide quality care and services for
populations and communities

X X X

4.2B Interprets current research in public health and community nutrition
and related areas and applies to professional practice as appropriate

X X X

4.2C Uses the Academy EAL as a resource in writing or reviewing research
papers

X X X

4.2D Incorporates latest evidence to support delivery of public health
programs and services in grant proposals

X X

4.2E Applies an evidence-based approach to develop and/or evaluate
programs and services in relationship to existing public health nutrition
research, laws/regulations, and recommendations

X

4.3 Integrates best available research/evidence and information with best
practices, clinical and managerial expertise, and customer values

X X X

4.3A Creates opportunities for community engagement to address
population needs in public health and community nutrition research
and evaluation

X X X

4.3B Evaluates and responds to the unintended consequences and
externalities of public health and community nutrition practice

X X

4.3C Mentors others in identifying and applying best available research/
evidence and best practices to integrate into practice

X

4.4 Contributes to the development of new knowledge and research in nutrition
and dietetics

X X X

4.4A Uses evidence-based guidelines, best practices, and experience to
generate new knowledge and contribute to development of
guidelines, programs, and policies in public health and community
nutrition

X X X

4.4B Participates in interprofessional research teams to address public
health and community nutrition issues

X X X

4.4C Initiates research and evaluation with population groups to address
public health and community nutrition needs in collaboration with
others (eg, biostatistician, epidemiologist)

X X

4.4D Evaluates the impact of public health and community nutrition services
on environmental, economic, social, and health outcomes

X X

(continued on next page)
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Indicators for Standard 4: Application of Research

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

4.4E Contributes to the development of evidence-based practice guidelines
and position papers related to public health and community nutrition

X X

4.4F Functions as an author or major contributor or reviewer of research
and organization position papers, and other scholarly work

X

4.4G Serves as advisor, mentor, preceptor, and/or committee member for
graduate-level research

X

4.5 Promotes application of research in practice through alliances or
collaboration with food and nutrition and other professionals and
organizations

X X X

4.5A Participates as a member/consultant to collaborative teams addressing
public health and community nutrition issues by providing evidence-
based expertise

X X X

4.5B Disseminates the results and emphasizes the significance and value of
public health and community nutrition research findings

X X X

4.5C Identifies stakeholder groups and their public health and community
nutrition priorities for further research collaborations

X X

4.5D Advocates to stakeholder organizations for prioritizing and funding of
public health and community nutrition research projects

X

4.5E Serves as a primary or senior investigator in collaborative research and
evaluation teams that examines relationships among environmental,
economic, social, and health outcomes

X

Examples of Outcomes for Standard 4: Application of Research
� Evidence-based practice, best practices, clinical and managerial expertise, population/individual values, and public health

and community nutrition principles are integrated in the delivery of nutrition and dietetics services
� Innovations in nutrition services are provided based on the effective application of best available research/

evidence
� Improvements to federal, tribal, and state nutrition guidelines and/or programs are made based on trends and data from

public health and community nutrition programs and studies
� Research leads to improvement of health equity

Standard 5: Communication and Application of Knowledge
The registered dietitian nutritionist (RDN) effectively applies knowledge and expertise in communications.
Rationale:
The RDN works with others to achieve common goals by effectively sharing and applying unique knowledge, skills, and
expertise in food, nutrition, dietetics, and management services.

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 5: Communication and Application of Knowledge

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

5.1 Communicates and applies current knowledge and information based on
evidence

X X X

5.1A Demonstrates critical thinking and problem-solving skills when
communicating with others

X X X

5.1A1 Incorporates appropriate communication strategies to meet
the needs of internal and external partners/stakeholders

X X X

5.1A2 Evaluates and addresses environmental, economic, social,
and health variables in communications with diverse
stakeholders

X X

5.1B Addresses potential bias (eg, funding, motivation, values) and the
importance of transparency in public health and community nutrition-
related science

X X X

5.1C Models critical thinking skills and provides open and inclusive
environments for discussions

X X

5.2 Selects appropriate information and the most effective communication
method or format that considers customer-centered care and the needs of
the individual/group/population

X X X

5.2A Uses communication methods (ie, oral, print, one-on-one, group,
visual, electronic, and social media) targeted to various audiences

X X X

5.2A1 Considers the current knowledge and viewpoints of the
audience related to PHCN issues and responds to concerns in
a respectful manner

X X X

5.3A2 Communicates public health and community nutrition
information and trends through social media networks

X X X

5.3A3 Adapts public health and community nutrition information
and trends through different communication methods with
consideration for audience

X X

5.2B Uses information technology to communicate, disseminate, manage
knowledge, and support decision making

X X X

5.2B1 Adapts messaging for different information technology
communication tools

X X

5.2B2 Implements systems including health/management information
systems in order to facilitate, communicate, and collaborate with
partners to deliver services (eg, WIC electronic prescription
systems and closed-loop electronic referral systems)

X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 5: Communication and Application of Knowledge

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

5.2C Incorporates health literacy, cultural competence, and developmental
appropriateness in communications and educational materials

X X X

5.2C1 Evaluates materials for health literacy, cultural competence,
developmental appropriateness (eg, CDC’s Simply Put,
Academy DANEHr, HECATs)

X X X

5.3C2 Adapts public health and community nutrition materials with
consideration for health equity messaging (eg, ensuring
messaging does not reinforce stigmatizing content or images)

X X

5.2C3 Advises others as a subject matter expert on health literacy,
cultural competence, developmental appropriateness

X

5.3 Integrates knowledge of food and nutrition with knowledge of health,
culture, social sciences, communication, informatics, sustainability, and
management

X X X

5.3A Networks with multilevel partners and stakeholders that impact
federal, tribal, state, and local PHCN programs

X X X

5.3A1 Addresses the environment, policy, and systems with regards
to nutrition/food access and community needs

X X

5.3A2 Leads activities that engage multilevel partners and
stakeholders in collaborations around local, state, tribal,
national, and/or international public health and community
nutrition programs

X

5.4 Shares current, evidence-based knowledge, and information with various
audiences

X X X

5.4A Guides customers, families, students, and interns in the application
of knowledge and skills

X X X

5.4A1 Provides interprofessional education and experiential
learning opportunities to staff

X X

5.4A2 Contributes to the education and professional development
of RDNs, public health and/or health care professionals
through formal and informal mentoring/teaching

X X

5.4A3 Expands course curricula, site-specific learning activities and
research projects to include public health and community
nutrition principles and application

X

5.4B Assists individuals and groups to identify and secure appropriate
and available educational and other resources and services

X X X

5.4B1 Promotes and supports programs, businesses, policies, and
resources that incorporate public health and community
nutrition principles

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 5: Communication and Application of Knowledge

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

5.5B2 Provides and communicates referrals to social service
resources in PHCN programs

X X X

5.5B3 Implements interprofessional referral systems to connect
public health and community nutrition education, services,
and resources

X X

5.5B4 Creates tiered assistance approaches based on cultural and
language needs

X

5.4C Uses professional writing and verbal skills in all types of
communications

X X X

5.4C1 Sharpens written and oral communication skills with the ability to
translate complex scientific and policy information to the public

X X X

5.4C2 Disseminates public health and community nutrition lessons
learned and best practices

X X X

5.5C3 Collaborates with language translation and interpretation
services based on the audience to ensure written and verbal
communications are provided in relevant languages

X X X

5.4C4 Develops grants and white papers, delivers presentations, and
authors books and articles that incorporate public health and
community nutrition for peers, consumers, health professionals,
community groups, policy makers, and food systems leaders

X X

5.4C5 Functions as an expert or media spokesperson on public
health and community nutrition (eg, interviews, guest
commentary, editorials)

X

5.4D Reflects knowledge of population characteristics in communication
methods (eg, literacy and numeracy levels, need for translation of
written materials and/or a translator, and communication skills, and
learning, hearing, or vision disabilities)

X X X

5.4D1 Disseminates nutrition recommendations and tailors
communications to population groups and individuals

X X X

5.4D2 Uses health equity principles to ensure inclusive
communication (eg, uses inclusive language)

X X

5.5 Establishes credibility and contributes as a food and nutrition resource within
the interprofessional public health and management team, organization, and
community

X X X

5.5A Conducts activities and provides resources to educate members of the
interprofessional team about public health and community nutrition,
its applications and impacts on human, environmental, economic, and
social health

X X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 5: Communication and Application of Knowledge

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

5.5B Participates in interprofessional collaborations at a systems level (eg,
community advisory boards, food policy councils/coalitions, licensure
boards)

X X

5.5C Translates evidence-based research (eg, epidemiological trends,
program outcomes) and policy to practical application in
communications with diverse stakeholders and the public

X X

5.5D Serves as an expert in public health and community nutrition with
diverse stakeholders

X X

5.5E Contributes nutrition-related expertise to high-level national projects and
professional organizations (eg, USDA programs, Healthy People, NAM)

X

5.6 Communicates performance improvement and research results through
publications and presentations

X X X

5.6A Presents evidence-based public health and community nutrition
research and information to community groups and colleagues

X X X

5.6B Interprets demographics, statistical, epidemiological, programmatic,
and scientific information

X X

5.6C Serves in a leadership role for public health community nutrition-
related scholarly work (eg, reviewer, editor, editorial advisory board)
and in program planning for conferences (eg, local, regional, national,
and international)

X

5.6D Directs collation of research data (eg, position papers, practice papers,
meta-analysis, review articles) into publications and presentations

X

5.6E Translates performance improvement and research findings for
incorporation into development of policies, regulations, procedures,
and guidelines

X

5.7 Seeks opportunities to participate in and assume leadership roles with local,
state, tribal, and national professional and community-based organizations
(eg, government-appointed advisory boards, community coalitions, schools,
foundations or non-profit organizations serving the food insecure) providing
food and nutrition expertise

X X X

5.7A Functions as a public health and community nutrition resource as an
active member of local/state/national organizations

X X X

5.7B Participates in interprofessional leadership teams providing food and
nutrition expertise

X X

5.7C Serves as a subject matter expert in public health and community
nutrition with local, state, national organizations

X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 5: Communication and Application of Knowledge

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

5.7D Manages and directs the integration of public health and community
nutrition principles within larger systems

X

5.7E Develops, directs, and manages PHCN professional workshops,
conferences, and meetings, ensuring diversity, equity, and inclusion in
conference experts and attendees

X

Examples of Outcomes for Standard 5: Communication and Application of Knowledge
� Expertise in food, nutrition and management is demonstrated and shared (eg, document and communicate expertise

through policy briefs, articles, position statements and proposals)
� Information technology is used to support practice (eg, support the daily practice/work, enhance efficiency, productivity,

and effectiveness through the use of shared networks and applications such as SharePoint)
� Effective and efficient communications occur through appropriate and professional use of email, instant messaging,

texting, and social media tools
� Individuals/populations and stakeholders:

B Receive current and appropriate information and population-/individual-centered service
B Demonstrate understanding of information received
B Know how to obtain additional guidance from the RDN

� Leadership is demonstrated through active professional and community involvement (eg, participate on committees,
boards, and workgroups for organizations such as State Public Health Associations and Health Coalitions, American Heart
Association and American Diabetes Association, Academy of Nutrition and Dietetics, and in policy and advocacy groups)

Standard 6: Utilization and Management of Resources
The registered dietitian nutritionist (RDN) uses resources effectively and efficiently.

Rationale:
The RDN demonstrates leadership through strategic management of time, finances, facilities, supplies, technology, natural and
human resources.

Indicators for Standard 6: Utilization and Management of Resources

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

6.1 Uses a systematic approach to manage resources and improve outcomes X X X

6.1A Uses logic model or other appropriate models to guide the planning,
implementation, and evaluation of services

X X X

6.1B Manages and implements information management systems to
disseminate resources, policies, and trainings while maximizing staff
resources

X X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Indicators for Standard 6: Utilization and Management of Resources

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

6.1C Implements programs with long-term sustainability plans, leveraging
diverse resources and funding streams

X X

6.1D Integrates the use of project management tools to ensure compliance
with grant deliverables, timelines, and work plans

X X

6.1E Oversees the responsible and accurate management of sub-grants in
order to achieve comprehensive outcomes

X

6.2 Evaluates management of resources with the use of standardized
performance measures and benchmarking as applicable

X X X

6.2A Uses the Standards of Excellence Metric Tool to self-assess quality in
leadership, organization, practice, and outcomes for an organization
(www.eatrightpro.org/excellencetool)

X X X

6.2B Participates in operational planning of food, nutrition, and public
health and community nutrition programs (eg, grant writing,
management of deliverables, collecting program evaluation data,
budgeting staff and resources in accordance with grant allocation and
expected outcomes)

X X X

6.2C Manages effective delivery of nutrition programs and services (eg,
business and marketing planning, cost-benefit analysis, program
administration, delivery of programs, materials development, program
evaluation) related to public health and community nutrition programs

X X

6.2D Directs or manages business and strategic planning for the design and
delivery of nutrition services in public health and community nutrition
for federal, tribal, state, and/or local settings

X

6.2E Directs operational review reflecting evaluation of performance and
benchmarking data to manage resources and modifications for design
and delivery of PHCN programs and services

X

6.3 Evaluates safety, effectiveness, efficiency, productivity, sustainability
practices, and value while planning and delivering services and products

X X X

6.3A Incorporates formative evaluation through a participatory approach
including diverse stakeholders and community members

X X X

6.3B Assesses and communicates short-, medium-, and long-term program
effectiveness given the use of public funds to deliver services

X X

6.3C Ensures organization practices are in concert with changes in the
public health and community nutrition system and the larger social,
political, and economic environment

X

6.3D Implements CQIt processes for assessing and adapting practices related
to public health and community nutrition effectiveness and safety,
especially during public health emergencies

X

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.

FROM THE ACADEMY

1763.e47 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS September 2022 Volume 122 Number 9

http://www.eatrightpro.org/excellencetool


Indicators for Standard 6: Utilization and Management of Resources

Bold Font Indicators are Academy Core RDN Standards of Professional
Performance Indicators

The “X” signifies the indicators
for the level of practice

Each RDN: Competent Proficient Expert

6.4 Participates in quality assurance and performance improvement (QAPI) and
documents outcomes and best practices relative to resource management

X X X

6.4A Engages the community and stakeholders in CQI processes that are
inclusive and centers health equity

X X X

6.4B Anticipates outcomes and consequences of different approaches and
makes necessary modifications to achieve desired outcomes (eg,
health impact assessment process) in context of resources

X X

6.4C Evaluates QAPI processes and communicates outcomes and best
practices to leadership, stakeholders, and customers

X X

6.4D Reports outcomes of delivery of services against goals and
performance targets

X X

6.4E Directs the development and management of CQI systems (eg, fiscal,
personnel, services, materials, data)

X

6.4F Partners with health economists to assess ROI of services and programs X

6.5 Measures and tracks trends regarding internal and external customer
outcomes (eg, satisfaction, key performance indicators)

X X X

6.5A Conducts regular surveys with participants and stakeholders to assess
population/individual satisfaction

X X X

6.5B Communicates the need for change based on collected data X X X

6.5C Resolves internal and external challenges and barriers that may affect
the delivery of essential public health and community nutrition
services

X X

6.5D Analyzes and disseminates public health and community nutrition data
and trends to inform the adoption of new policies and approaches to
improve outcomes

X

Examples of Outcomes for Standard 6: Utilization and Management of Resources
� Resources are effectively and efficiently managed to promote population/individual health
� Documentation of resource use is consistent with requirements of funding and oversight agencies
� Data are used to promote, improve, and validate interventions, organization practice, and public policy
� Desired outcomes are achieved, documented, and disseminated to stakeholders

aPROMIS: The Patient-Reported Outcomes Measurement Information System (PROMIS) (https://commonfund.nih.gov/promis/
index) is a reliable, precise measure of patient-reported health status for physical, mental, and social well-being. PROMIS is a
web-based resource and is publicly available.

(continued on next page)

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
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bInterprofessional: The term interprofessional is used in this evaluation resource as a universal term. It includes a diverse group
of team members (eg, physicians, nurses, dietitian nutritionists, psychologists, epidemiologists, social workers, planners, and
other public health professionals), depending on the needs of the population/individual. Interprofessional could also mean
interdisciplinary or multidisciplinary.
cMedical staff: Medical staff is composed of doctors of medicine or osteopathy and may in accordance with State law, including
scope of practice laws, include other categories of physicians, and non-physician practitioners who are determined to be
eligible for appointment by the governing body.50

dNon-physician practitioner: A non-physician practitioner may include a physician assistant, nurse practitioner, clinical nurse
specialist, certified registered nurse anesthetist, certified nurse-midwife, clinical social worker, clinical psychologist,
anesthesiologist’s assistant, qualified dietitian or qualified nutrition professional. Disciplines considered for privileging by a
facility’s governing body and medical staff must be in accordance with state law.50,51 The term privileging is not referenced in
the Centers for Medicare and Medicaid Services Long-Term Care (LTC) Regulations. With publication of the Final Rule revising
the Conditions of Participation for LTC facilities effective November 2016, post-acute care settings, such as skilled and long-term
care facilities, may now allow a resident’s attending physician the option of delegating order writing for therapeutic diets,
nutrition supplements or other nutrition-related services to the qualified dietitian or clinically qualified nutrition professional, if
consistent with state law, and organization policies.53,54

Acronyms:
aUSDA¼United States Department of Agriculture (http://www.usda.gov/wps/portal/usda/usdahome) aDGAs¼Dietary Guidelines for
Americans (http://www.cnpp.usda.gov/dietaryguidelines)
bMNT¼Medical Nutrition Therapy
cFNS¼USDA Food and Nutrition Service (http://www.fns.usda.gov/)
dWIC¼Special Supplemental Nutrition Program for Women Infants and Children (U.S.) (http://www.fns.usda.gov/wic/women-infants-
and-children-wic)
eCACFP¼Child and Adult Care Food Program (U.S.) (http://www.fns.usda.gov/cacfp/child-and-adult-care-food-program)
fNSLP¼National School Lunch Program (http://www.fns.usda.gov/nslp/national-school-lunch-program-nslp)
gCDC¼Centers for Disease Control and Prevention (U.S.) (http://www.cdc.gov)
hMCHB¼Maternal and Child Health Bureau (http://mchb.hrsa.gov/)
iROI¼Return on investment
jEAL¼Academy of Nutrition and Dietetics Evidence Analysis Library (http://andeal.org)
kAPHA¼American Public Health Association (http://www.apha.org)
lNAM¼ National Academies of Medicine (United States) (https://nam.edu/)
mWHO¼World Health Organization (http://www.who.int/en/)
nHRSA¼Health Resources and Services Administration (http://www.hrsa.gov/index.html)
oUSPSTF¼US Preventive Services Task Force (http://www.uspreventiveservicestaskforce.org/)
pHHS¼US Department of Health and Human Services (http://www.hhs.gov/)
qAAP¼American Academy of Pediatrics (https://www.aap.org/en-us/Pages/Default.aspx)
rDANEH¼Developing and Assessing Nutrition Education Handouts (http://healthyfoodbankhub.feedingamerica.or/wp-content/
uploads/2013/12/Nutrition-Education-Handout-Checklist-rev-10-17-13.pdf)
sHECAT¼Health Education Curriculum Analysis Tool (http://www.cdc.gov/healthyyouth/HECAT/)
tCQI¼Continuous Quality Improvement

Figure 5. (continued) Standards of Professional Performance for Registered Dietitian Nutritionists (RDNs) in Public Health and
Nommunity Nutrition. The term customer is used in this evaluation resource as a universal term. Customer could also mean
population, client/patient/customer, family, participant, consumer, or any individual, group, or organization to which the RDN
collaborates with or provides service.
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Ethics in Practice
Current Topics in Health Care Law

Tony Peregrin
N
UTRITION AND DIETETICS
practitioners operate by a
core set of ethical principles,
including beneficence (“tak-

ing positive steps to benefit others”)
and nonmaleficence (do no harm), as
outlined by the Code of Ethics for the
Nutrition and Dietetics Profession,
which was developed by the Academy
of Nutrition and Dietetics (Academy)
and its credentialing agency, the Com-
mission on Dietetic Registration.1

Although adherence to ethical princi-
ples strengthens the bonds of trust be-
tween credentialed nutrition and
dietetics practitioners and their pa-
tients and clients, so does rigorous
compliance with federal and state
laws. Although the Code of Ethics can
aid Academy members and Commis-
sion on Dietetic
Registrationecredentialed practi-
tioners in assessing the right thing to
do in a particular situation, ensuring
legal compliance means nutrition and
dietetics practitioners should actively
determine what the law requires of
them.
Laws exist at the local, state, and

federal levels.2 Generally speaking,
federal laws are applicable to all people
in the United States. State laws are
applicable within that state, although
local laws govern specific cities, towns,
and counties. Federal laws supersede
or preempt state and local laws, and
most cases involving individual citizens
are handled in the state courts.
The following is an overview of legal

topic areas that may be applicable to
nutrition and dietetics practitioners.
Although this article provides insights
into laws that are germane to health
care providers, it is not intended to
provide legal guidance. Members of the
Academy are encouraged to be aware
of the evolving nature of law and to
seek professional counsel when
appropriate.

AMERICANS WITH DISABILITIES
ACT
The Americans with Disabilities Act
(ADA), which was passed in 1990 and
amended in 2008, prohibits employers
from discriminating against qualified
individuals with disabilities in a variety
of areas, including employment.3 The
ADA does not protect all individuals
with disabilities—it only protects
“qualified individuals with disabilities,”
which the ADA defines as an “individ-
ual, who, with or without reasonable
accommodation, can perform the
essential functions of the employment
position that such individual holds or
desires.”4

It is important to note that an
employer need not make every
conceivable accommodation for em-
ployees, nor must the employer pro-
vide the employee’s desired
accommodation. Instead, an employer
must make “reasonable accommoda-
tions,” which typically include such
things as job restructuring, modifying
work schedules, and reassignment to
an open position.4

ADA and COVID-19
At this point in the COVID-19
pandemic, many employers are
ª 2
requiring or encouraging their em-
ployees to return to work in the office,
either on a part-time or full-time basis.
Generally speaking, employers can
mandate when and how often em-
ployees must work in the office, with
the understanding that employees may
simply refuse to return to the office. An
employer may terminate any employee
who refuses to return to work in the
office unless, perhaps, the employee
has a disability and requests a remote
work accommodation. If that occurs,
and if the employer is covered by the
ADA or an applicable state or local
disability discrimination law, the
employer has a legal obligation to
consider and respond to the request.

It is important to note that the ADA
does not apply to all employers—it only
applies to entities that employ 15 or
more employees for each working day
in 20 or more calendar weeks in the
current year or preceding year.4 How-
ever, many state and local governments
have civil rights laws that prohibit
disability discrimination, and many of
those apply to smaller employers.

In the context of remote work, before
the COVID-19 pandemic, employers
routinely and successfully argued that
it was an essential function of most
employees’ positions to work in the
office. For example, in Bilinsky v.
American Airlines, the court explained
that “[t] here is a general consensus
among courts . . . that regular work-site
attendance is an essential function of
most jobs.”5,6

That general consensus, however,
will almost certainly be challenged by
employees, their lawyers, and enforce-
ment agencies in the post-COVID 19
world.

For example, in webinars and else-
where, attorneys for the Equal Employ-
ment Opportunity Commission, which is
the federal agency that enforces the
ADA, have warned that employers
should not rely on preeCOVID-19
pandemic job descriptions and other
evidence as the basis to reject remote
work accommodation requests from
022 by the Academy of Nutrition and Dietetics.
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individuals with disabilities. After all,
according to the Equal Employment
Opportunity Commission, many em-
ployees have been working remotely for
the past 2 years, which the agency says
renders prepandemic evidence some-
what unreliable.
Given this messaging, coupled with

the advances and widespread use of
technology that makes remote work
possible for many positions, employers
would be well advised to articulate in
return to office communications the
reasons why it is essential that em-
ployees return to work in the office. In
addition, employers should consider
updating job descriptions to identify
essential in-office job functions, if any,
for each of their positions.
When faced with a request for a

remote work accommodation from an
employee who reports a disability, it is
important to consider the particular
facts and circumstances of the indi-
vidual employee’s situation before
deciding how to respond to the
request. Moreover, given the Equal
Employment Opportunity Commis-
sion’s position on this matter, em-
ployers would be well-advised to seek
help from experienced employment
counsel before deciding that a remote
work request for an individual with a
disability is unreasonable.
CIVIL AND CRIMINAL LAW
Generally, the US legal system consists
of common law and statutory laws.
Common law develops over time and is
presented in opinions written by
courts. State and federal legislators
enact statutory laws. In addition, the
United States has a wide range of reg-
ulations and local laws, sometimes
called ordinances.
It is likely that on the occasion when

a nutrition and dietetics practitioner
interacts with the law it qualifies as a
civil matter rather than a criminal legal
matter, which focuses on punishment
for breaking a particular law or laws.
Civil matters could include “landlord/
tenant disputes, contract breaches,
negligence suits, or other civil
actions.”2

Many states now require the
credentialed nutrition and dietetics
practitioner to secure a license to
practice in the state. The Academy
maintains a database of current licen-
sure requirements.7 Each state has
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different requirements, and you must
comply with all requirements for your
state. (Principle 2b: “Comply with all
applicable laws and regulations,
including obtaining/maintaining a state
license or certification if engaged in
practice governed by nutrition and di-
etetics statutes.”1)
At the time of the writing of this

article, 48 states, the District of
Columbia, Puerto Rico, and Guam
regulate the practice of dietetics or
medical nutrition therapy—although
there may be exemptions enabling
practice for a short duration or for a
small subset of dietetics and nutrition
services. These states usually also
regulate use of certain titles through a
title protection provision.8

Note that the legal status of cross-
border practice is determined by the
location of the client. For licensure
purposes, the registered dietitian nu-
tritionist’s location is not relevant. For
example, if services are provided via
telehealth to a resident of Pennsylva-
nia, then Pennsylvania law applies. If
that Pennsylvania client travels across
the border to see a Maryland registered
dietitian nutritionist, then Maryland
law applies. If the Pennsylvania client
temporarily relocates to Florida, then
Florida law applies.
The nutrition and dietetics practi-

tioner likely engages in actions that are
related to civil laws and regulations on
a daily basis, including, for example,
requesting clients sign paperwork
acknowledging privacy practices or
entering into a written lease for an of-
fice space for their practice.
If you are an employee, your

employer likely provides training to
educate staff members on compliance
with applicable laws. If you are self-
employed, consider participating in a
local business organization or Chamber
of Commerce, which frequently pro-
vides resources to ensure compliance
with state and federal laws.
SOCIAL MEDIA
More than 3.6 billion people were us-
ing social media worldwide in 2020, a
number projected to increase to almost
4.41 billion in 2025.9 With this
continued growth, particularly
regarding the information- and image-
sharing platforms, nutrition and di-
etetics practitioners have a professional
obligation to ensure accuracy and
JOURNAL OF THE ACADE
transparency, citing photographs, fig-
ures, tables, and videos to their source
of origin, and to clearly label content
that functions as an advertisement or
promotion.10 (Principle 2d: “Respect
intellectual property rights, including
citation and recognition of the ideas
and work of others, regardless of the
medium (e.g. written, oral,
electronic.”1)

In fact, health care professionals that
engage on social media are bound by
copyright restrictions and all federal,
state, and local advertising laws. As
noted in an Ethics in Practice article
published previously, under Federal
Trade Commission guidelines, nutrition
and dietetics practitioners on social
media are considered advertisers when
they are endorsing a product in ex-
change for any payment or compensa-
tion, including free or discounted
products.10 (Principle 2a: “Disclose any
conflicts of interest, including any
financial interests in products or ser-
vices that are recommended. Refrain
from accepting gifts or services which
potentially influence or which may give
the appearance of influencing profes-
sional judgment.”1) Therefore, they are
required to disclose this relationship in a
clear and conspicuous manner.11 Using
keywords, such as #ad, #sponsored, or
#paidpartner, is recommended at the
start of a post to help promote
transparency.10,12,13

Nutrition and dietetics practitioners
are also compelled to ensure that all
social media content is consistent
with current Health Insurance Porta-
bility and Accountability Act (HIPAA)
regulations.14 (Principle 2h: “Respect
patient/client’s autonomy. Safeguard
patient/client confidentiality according
to current regulations and laws.”1)
HIPAA, enacted in 1996, is a federal
law that mandated the creation of
national standards to protect individ-
ually identifiable health information
communicated through e-mails,
phone conversations, voicemail re-
cords, and so on from being disclosed
without the patient’s consent or
knowledge.14 (Principle 2i: “Imple-
ment appropriate measures to protect
personal health information using
appropriate techniques [e.g.,
encryption].”1)

The US Department of Health and
Human Services issued the HIPAA Pri-
vacy Rule to implement the re-
quirements outlined by HIPAA. In
MY OF NUTRITION AND DIETETICS 1765
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addition, the HIPAA Breach Notification
Rule requires covered entities and
business associates to provide notifi-
cation after a breach of unsecured
protected health information.14

It is also advised that nutrition and
dietetics practitioners who engage in
social media adhere to employer pol-
icies, as well as the guidelines devel-
oped by the social media platforms
themselves. (Principle 3c: “Demon-
strate respect, constructive dialogue,
civility and professionalism in all
communications, including social
media.”1)

RULES AND REGULATIONS FOR
NONPROFIT ORGANIZATIONS
There are also important consider-
ations for nutrition and dietetics prac-
titioners who are employed by,
operate, or are considering starting a
nonprofit organization. The term
nonprofit is a state law term. Most
states have nonprofit corporate stat-
utes that permit entities to be orga-
nized for public or mutual benefit
purposes without shareholders. But the
term nonprofit is a misnomer because it
does not put a limitation on profits. In
fact, many large nonprofits, such as
universities, make substantial profits
annually. The profits of a nonprofit or-
ganization, however, are not distrib-
uted to stockholders; they remain
within the organization to help it
accomplish its mission.
Since the beginning of the federal

income tax, the US Congress has
permitted some nonprofit organiza-
tions to qualify for tax-exempt status
because of the importance of their
work. Today, charities, trade associa-
tions, professional societies, and 2
dozen other types of organizations are
deemed tax-exempt by the US Internal
Revenue Service.
In a legal context, the term tax-

exempt means that the entity does not
need to pay income tax on some reve-
nue streams, such as donations,
educational revenue, and dues, and
must pay income tax on other revenue
streams, such as advertising income.
Each type of tax-exempt organiza-

tion is subject to different federal rules.
For example, trade associations and
professional societies can engage in
political activities through political ac-
tion committees and other limited
means. Charities, trade associations,
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and professional societies may all
engage in lobbying, that is, the
furtherance of, or opposition to, legis-
lation, but they are subject to different
limitations.
One of the most important rules that

govern charities, trade associations,
and professional societies is the rule
against inurement. Inurement occurs
when an insider gets more from a tax-
exempt organization than they gave. In
United Cancer Council v. Commissioner,
the court stated that a tax-exempt or-
ganization “is not to siphon its earnings
to . . . the members of its Board . . . or
anyone else fairly to be described as an
insider, that is, the equivalent of an
owner or manager.”15

The concept of inurement remains
the core differential between tax-
exempt and taxable corporations. Tax-
exempt organizations may operate
like businesses. They have strategic
plans and make a profit. They sell
products and often compete with for-
profit entities. They may not, however,
distribute the profits from these activ-
ities to insiders, beyond the payment of
reasonable compensation for services
rendered.

TELEHEALTH
The expansion of telehealth services
during the COVID-19 public health
emergency (PHE) has transformed how
the general public views access to care.
Before the pandemic, telehealth ser-
vices coverage under traditional Medi-
care was limited to beneficiaries living
in rural areas, with restrictions on
which providers would be compen-
sated for delivering virtual care.16 Many
of the temporary flexibilities regarding
Medicare’s telehealth coverage that
were initiated at the onset of the PHE
would require an act of Congress to
become permanent.17 A first step to-
ward that goal occurred under the
Consolidated Appropriations Act of
2022, which President Biden signed
into law on March 15, 2022.17

“Specifically, Congress has amended
the Social Security Act to include new
language that extends several tele-
health flexibilities for 151 days (five
months) after the end of a public health
emergency declared by the Secretary of
the Department of Health and Human
Services.” “If the public health emer-
gency is renewed (and every time it is
renewed), it would push back the end
TION AND DIETETICS
date of these flexibilities by another 90
days. In the absence of a public health
emergency, MNT [medical nutrition
therapy] and DSMT [diabetes self-
management training] remain
approved telehealth services and RDNs
remain eligible telehealth providers
under Medicare Part B.”17

Nutrition and dietetics practitioners
should be aware of the following legal
considerations when providing tele-
health services18:

� Protecting patient health infor-
mation: Take the necessary pre-
cautions to protect electronic
health records from malware
and hackers.

� At the end of the PHE, all tele-
health services will need to
comply with HIPAA rules. Ac-
cording to the Health Resources
and Services Administration,
“while the U.S. Department of
Health and Human Services Of-
fice for Civil Rights has issued a
notice of enforcement discretion
to waive HIPAA penalties [during
the PHE], the State Attorney
Generals have not issued the
same notices. Under Sec.
13410(e) of the HITECH [Health
Information Technology for Eco-
nomic and Clinical Health] Act,
State Attorney Generals are
permitted to obtain civil money
penalties on behalf of state resi-
dents for HIPAA violations.”18

Health care providers are urged
to “check with any applicable
states to see if they have also
waived these penalties.”18

� Telehealth experts also advise
health care practitioners to verify
that their professional liability
insurance coverage includes tel-
ehealth, and to confirm their
policy is applicable in more than
1 state if they plan to provide
virtual care in multiple states.
CONCLUSIONS
The nonmaleficence principle in the
Academy/Commission on Dietetic
Registration Code of Ethics is inten-
ded to safeguard patient and client
safety to prevent injury or harm.
Adherence to local, state, and federal
laws also ensures the provision of
safe care. Compliance with both
ethical standards and legal policy is a
September 2022 Volume 122 Number 9
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multifaceted approach that is inten-
ded to inform and empower the
nutrition and dietetics practitioner
before making business and care-
related decisions.
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T
HE ACADEMY OF NUTRITION AND DIETETICS HAS ANNOUNCED THAT THE FOLLOWING MEMBERS WILL SERVE AS
elected officers and committee members for 2022-2023. Contact information for many of the officers and committee
members listed here are available in the Leadership Directory, which is accessible to members on the Academy’s
website (www.eatrightpro.org). (The information on this list was provided to the Journal by Academy staff members.

Questions about a specific officer or committee should be directed to the corresponding Academy headquarters partner.)
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M. MALONE, MS, RDN, LD, FAND
Director-at-Large: LESLENE GORDON, PHD,

RDN, LDN
Director-at-Large: SUSAN R. ROBERTS, DCN,

RDN, LD, FAND
Director-at-Large: EGONDU M. ONUOHA, MS,

RDN, CDN, FAND
HOD Director: Joanne M. Graham, PhD,

RD
HOD Director: ROSEANNA HOLLIDAY, PHD,

MPH, RDN, LD, FAND
HOD Director: SHERRI JONES, MS, MBA, RDN,

LDN, FAND
HOD Director: LONA F. SANDON, PHD, MED,

RDN, LD
Chair, Academy Foundation: HOPE S.

WARSHAW, MMSC, RD
Public Member: Don Bradley, MD, MHS-

CL
Public Member: TBD
Chief Executive Officer: PATRICIA M. BABJAK,

MLIS
BOARD OF DIRECTORS
EXECUTIVE COMMITTEE

President: Ellen R. Shanley, MBA, RDN,
CDN, FAND

President-Elect: Lauri Y. Wright, PhD,
RDN, LDN, FAND
Treasurer: Deanne Brandstetter, MBA,
RDN, CDN, FAND

Treasurer-Elect: Krista Yoder Latortue,
MPH, RDN, LDN, FAND

Speaker, House of Delegates: Tamara L.
Randall, MS, RDN, LD, FAND

Speaker-Elect, House of Delegates:
Ainsley M. Malone, MS, RDN, LD, FAND

Chair, Academy Foundation: Hope S.
Warshaw, MMSc, RD

Chief Executive Officer: Patricia M.
Babjak, MLIS

ACADEMY COMMITTEES
Academy Political Action
Committee

Chair: CONNIE DIEKMAN, MED, RD, CSSD, LD,
FADA, FAND

Vice Chair: MARY RUSSELL, MS, RDN, LDN,
FASPEN, FAND

Member: JENNIFER G. LENGYEL, MS, RD, LDN
Member: JESSIE M. PAVLINAC, MS, RD, RDN-

AP, CSR, LD, FAND
Member: CATHERINE CONWAY, MS, RD, CDN,

CDCES
Member: DARLENE DOUGHERTY, MS, RD,

FAND
Member: JOAN SALGE BLAKE, EDD, MS, RD,

LDN, FAND
Member: SERGIO DE JESUS TORRES, MS, RD
Member: DONNA SHANNON
Student Liaison: EMELY ORDONEZ

BOD Liaison: LUCILLE BESELER, MS, RDN,
LDN, CDE, FAND

Ex-officio: PATRICIA M. BABJAK, MLIS,
ACADEMY CEO

Ex-officio: MARGARET ROWE, MS, RD, LDN,
FADA, FAND

Headquarters Partner: JEANNE BLANKENSHIP,
MS, RDN
Committee for Lifelong Learning

Chair: STEPHANIE RAE HARRIS, PHD, MS, RDN,
LD

Vice Chair: ASHLEY J. VARGAS, PHD, MPH,
RDN, FAND

Past Chair: MINDY G. HERMANN, MBA, RDN
Member: KELLY DANIS, RD, LDN, FAND
ª 2
Member: ALISON DUFFEY, MS, RDN-AP, CSG,
LDN, FAND

Member: DREW HEMLER, MSC, RD, CDN,
FAND

Member: CRYSTAL VASQUEZ, MS, RD, LD,
CNSC, NWCC, FAND

Member: ANNA J. BUSENBURG, RD, CSP, LD,
CLC

Member: JULIE F. SCHWARTZ, MS, RDN,
CSOWM, LD, CHWC

Member: MARGARITA COZZAN, MS, RD, CSCS,
ACE-CPT LMT

Member: COURTNEY FOSE, RD, CNSC, FAND
Member: KATHRYN LAWSON, MS, RDN, CD
Member: CLAUDIA SEALEY-POTTS, PHD, RD,

LD, FAND
Advisor: LAURI WRIGHT, PHD, RDN, FAND
Headquarters Partner: LORI GRANICH, MBA,

RDN
Consumer Protection and
Licensure Sub-Committee

Chair: WANDA A. EASTMAN, PHD, RD, LD
Vice Chair: CATHERINE CHRISTIE, PHD, RDN,

LDN, FAND
Member: BETHANY L THAYER, MS, RDN,

FAND
Member: PAULA RITTER-GOODER, PHD, RDN,

CSG, LMNT, FAND
Member: VIRGINA H. CARNEY, MPH, RDN,

LDN, IBCLC, FAND
Member: AGNIESZKA A. SOWA, MS, RD, LD,

CNSC
Member: WHITNEY M DUDDEY, MHA, RD, LD
Member: DIANNE POLLY, JD, MS, RDN, LDN,

FAND
ACEND Representative: CHERYL BACON, MS,

RD, LDN, CNSD, CSO, FAND
CDR Representative: KATIE DODD, MS, RDN,

CSG, LD, FAND
Board Liaison: LIVLEEN GILL, MBA, RD, LDN
Headquarters Partner: PEPIN TUMA, ESQ.
Council on Future Practice

Chair: RORY C. PACE, MPH, RD, CSR, FAND
Vice Chair: SHANNON M. ROBSON, PHD, MPH,

RD
Member: MEGHAN E. ADLER, MS, RDN, FAND
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Member: ELIZABETH S. ABBAY, MBA, RDN,
LDN, FAND

Member: KATHLEEN M. PELLECHIA, MS, RDN
ACEND Representative: LONG WANG, PHD,

RDN, FAND
CDR Representative: CHRISTOPHER MILLS,

MPH, DTR, CSCS
NDEP Representative: KATHRIN A ELIOT,

PHD, RD, LD, FAND
Young Practitioner: ANITA DAVILA, NDTR
BOD Liaison: SUSAN R. ROBERTS, DCN, RDN,

LD, CNSC, FAND
Headquarters Partner: MARSHA K.

SCHOFIELD, MS, RD, LD, FAND
Headquarters Partner: ANNA SHLACHTER,

MS, RDN, LDN, FAND
Council on Research

Chair: GIGI Y.C. KWOK-HINSLEY, DRPH, MSC,
RDN

Vice Chair: JOANN MCDERMID, PHD, MSC,
BSC, RDN, FAND

Past Chair: FRANCOISE A. KAZIMIERCZUK, PHD,
MS, RD, LDN, CSCS, FAND

Member: SONJA L. CONNOR, MS, RDN, LD,
FAND

Member: CHUNYUN XIAO, MS, RD, LD, CNSC
Member: ADRIANNE GRIEBEL-THOMPSON, MS,

RD, LD, CLC
Member: JUSTIN ROBINSON, MA, RD, CSSD,

CSCS
Member: KEIY MUROFUSHI, MS, RD
Liaison, Research DPG Executive

Committee: HEIDI SILVER, PHD, RDN
Ex-officio Nutrition Services Payment

Committee: MARCIA A KYLE, RDN, LD,
CDCES, FAND

Ex-officio Interoperability & Standards
Committee: JAMES D ALLAIN, MBA, MS,
RD, LDN

Ex-officio Quality Management
Committee: TAMIE FRABLE-NEWMAN, MS,
RD, LDN

Ex-officio Legislative & Public Policy
Committee: LYNDI M BUCKINGHAM SCHUTT,
PHD, RDN, LD

Ex-officio Nutrition Care Process Research
Outcomes Committee: BRENDA HOTSON,
MSC

CDR Liaison: TERESE SCOLLARD, MBA, RDN,
LD, FAND

Headquarters Partner: GABRIELA PROANO,
MS, RDN

Headquarters Partner: ALISON L. STEIBER,
PHD, RD
Diversity and Inclusion
Committee

Chair: JUDITH C. RODRIGUEZ, PHD, RDN, LDN,
FADA, FAND

Vice Chair: MRIDUL DATTA, PHD, MS, RD, LD,
FAND

Past Chair: SITOYA RAQUEL MANSELL, MPH,
MS, MCHES, RDN, FAND
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Member: CARL DAVID BARNES, MS, RD
Member: JUDITH C ANGLIN, PHD, RDN, FAND
Member: KAJUANDRA AMEEKIA HARRIS, PHD,

MS
Member: RANIER VINCE GASCON CASTILLO, MS,

RDN, ACSM-CPT
Member: SYLVIA E KLINGER, DBA, MS, RD,

LDN
Member: SHARON M. DOUGHTEN, MS, RD, LD
Member: CAROL W. SHANKLIN, PHD, RD
Member: ANTOINETTE R. WATKINS, MS, RD
NDEP Liaison: KATHERINE GARDNER BURT,

PHD, RD
Headquarters Partner: MATTHEW NOVOTNY
Ethics Committee

Chair/HOD Representative: NINA L. ROOFE,
PHD, RDN, LD, FAND

BOD Representative: TERRI J RAYMOND MA,
RDN, CD, FAND

CDR Representative: LINDA S. HELLER, MS,
RD, CSP, CLC, FAND

Headquarters Partner: JILL BALLA KOHN, MS,
RDN, LDN

Headquarters Partner: BARBARA J. VISOCAN,
MS, RDN, FADA, FAND
Finance and Audit Committee

Chair: DEANNE BRANDSTETTER, MBA, RDN,
CDN, FAND

Treasurer-Elect: KRISTA YODER LATORTUE,
MPH, RD, LDN, PBA, FAND, PMP

Past Treasurer: LIVLEEN GILL, MBA, RD, LD
Academy Foundation Chair: HOPE S

WARSHAW, RD, BCADM, CDCES
President-Elect: LAURI WRIGHT, PHD, RDN,

LD, FAND
Speaker-Elect: AINSLEY M MALONE, MS,

RDN, LD, CNSC, FASPEN, FAND
CDR Representative: VALAREE WILLIAMS, MS,

RD, CSO, LDN, CNSC, FAND
HOD Representative: KAREN A. BEATHARD,

MS, RD, LD, FAND
Member At Large: CHRISTINE K WEITHMAN,

MBA, RD, LDN, FAND
Headquarters Partner: PAUL A. MIFSUD
Honors Committee

Chair: KEVIN L SAUER, PHD, RDN, LD, FAND
Past Chair: LINDA T. FARR, RDN, CSOWM, LD,

FAND
Member: LINDA M GIGLIOTTI, MS, RD,

CSOWM, CDCES, FAND
Member: WAHIDA KARMALLY, DRPH, RDN,

CDE
Member: D. MILTON STOKES, PHD, MPH, RD,

FAND
Member: LISA M. DIERKS, MFCS, RDN
Member: KATHRYN K. HAMILTON, MA, RDN,

CSO, CDN, FAND
Member: ESTHER F. MYERS, PHD, RDN, LDN,

FAND
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Member: DARRIN W. SCHMIDT, DTR, FAND
Board Liaison: LESLENE E. GORDON, PHD,

RDN, LDN
Headquarters Partner: MATTHEW NOVOTNY

Headquarters Partner: BARBARA J. VISOCAN,
MS, RDN, FADA, FAND

Interoperability & Standards
Committee

Chair: JAMES D. ALLAIN, MBA, MS, RD, LDN
Vice Chair: NICOLE H. IMPERO, RD, LDN
Past Chair: LESLYE L. RAUTH, MPH, RDN,

LMNT, FAND
Member: SANDRA N. MILLER, RD, CDCES
Member: SUE KENT, MS, LD
Member: BENJAMIN E. ATKINSON, MS, RDN,

CD
Member: SANDRA JABLONKA, RD, LD
Member: DELLA M. RIELEY, MS, RD
Member: AMBER L SMITH, MBA, RD, CD
Member: ASHLEY A RATLIFF, RD, LD, CNSC
Member: AMY C. WOOTTON, RD, LD
Headquarters Partner: BECKY GRADL, MPH,

RD, LDN, CHES

Legislative and Public Policy
Committee

Chair: LYNDI M. BUCKINGHAM-SCHUTT, PHD,
RDN, LD

Vice Chair: MATTHEW LANDRY, PHD, RD
Member: BROOKE ERIN STARKOFF, RD
Member: DOREEN GARELICK, JD, RD
Member: BECKY ANN JOHNSON, MA, MS,

RDN, LD
Member: AMANDA GALLAHER, MPH, RD
Member: JESSICA GARAY, PHD, RD, FAND
Member: MANJUSHREE KARKARE, MS, RDN,

LDN, CLT, FAND
Member: MARGARET ROWE, MS, RD, LDN,

FADA, FAND
Student Representative: BRANDON KELLEY

Ex-Officio ANDPAC: CONNIE B DIEKMAN,
MED, RD, CSSD, LD, FADA, FAND

Ex-Officio CPLSc: WANDA A EASTMAN, PHD,
RD, LD

Ex-Officio President-Elect: LAURI Y WRIGHT,
PHD, RDN, LD, FAND

Ex-Officio HOD Leadership Team: LONA
SANDON, PHD, RDN, LD

Headquarters Partner: Jeanne
Blankenship, MS, RDN

Member and Student Advisory
Committee

Chair: STEPHANIE SCHACHER, MS, RD
Vice Chair: AMANDA GOLDMAN, MS, RD, LD,

FAND
Delegate-at-Large: Student: KARINA

CASTILLO
Member: JESSICA HOLLER, RDN, LDN
Member: ROSEANNA B HOLLIDAY, PHD, MPH,

RD, FAND
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Member: AMANDA KRUSE, MS, RD, LD, FAND
Member: MARY BETH OHLMS, MAED, RD, LD
Member: DENISE TOROK, MA, RD
Young Practitioner: ERICA HOWES, MPH,

MS, RDN
ACEND Representative: AISHA KHAN

ANDPAC Representative: EMELY ORDONEZ

Student Representative: SAMUEL LEEHE
Student Representative: HEATHER SENEY
Headquarters Partner: MICHELLE C.

PAPROCKI, RDN
Headquarters Partner: HANNAH PHELPS

PROCTOR

Nutrition Care Process Research
Outcomes Committee

Chair/International Representative:
BRENDA HOTSON, MSC

Vice Chair/United States Representative:
PATRICIA DAVIDSON DCN, RDN, LDN,
CDCES, FAND, CHSE

International Representative: LYN LLOYD
International Representative: SANDRA JENT
United States Representative: DONNA

BELCHER, MS, RD, LDN, CDE, CNSC
United States Representative: ELAINE F.

MOLAISON, PHD, RD
Headquarters Partner: CONSTANTINA

PAPOUTSAKIS, PHD, RD

Nutrition Services Payment
Committee

Chair: MARCIA A. KYLE, RDN, LD, CDCES,
FAND

Vice Chair: WENDY L. PHILLIPS, MS, RD,
CNSC, CLE, CD, FAND

Member: AMY CARTER, MA, RD, LD, CDE
Member: REBECCA K. KELLY, PHD, MA, RD,

LND, FAND
Member: FELICIA PORRAZZA, MDA, RDN,

LDN, NBC-HWC, ACSM-CPT
Member: JENNIFER SHELTON, MS, RD
LPPC Liaison: MANJUSHREE KARKARE, MS,

RDN, LDN, CLT, FAND
AMA Coding Representative: KAREN G.

SMITH, MBA, MS, RD, LD, FADA, FAND
AMA Coding Representative: KEITH T.

AYOOB, EDD, RD, FAND
Headquarters Partner: Marsha K.

Schofield, MS, RD, LD, FAND

Quality Management Committee

Chair: TAMIE FRABLE-NEWMAN, MS, RD, LDN
Vice Chair: MOIRA L. FARIS, MPH, RDN, LD,

CDCES, FAND
Member: KRISTA M CLARK, MBS, RD, LD,

NASM-CPT, FAND
Member: LAURA A GOLLINS, MBA, RD, LD,

CNSC, FAND
Member: REBECCA B TONNESSEN, RD, CD
Member: KALLI N. CASTILLE, MS, RD, LD,

FAND
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Member: MELISSA MOLLOY, MS, RDN, CD
Member: JANE A. PROKOPOWICZ, MFN, MBA,

RD
Member: ERIN L. GOODWIN, MS, RD, IBCLC
Member: COURTNEY MORABITO, MBA, DTR,

SNS, FAND
Member: ANNA MARIE RODRIGUEZ, RDN, LD,

FAND
Member: COLLEEN STAUFFER, BS, RD, LDN
Member: SUZANNE MACDONALD, RD, CSG
Member: TERESA LOUISE TURNER, MS, RD,

LDN, SNS, FAND
CDR Representative: CHRISTOPHER M.

MESSENGER, PHD, MS, RD, LD, CNSC
Headquarters Partner: SHARON M.

MCCAULEY, MBA, MS, RDN, LDN, FADA,
FAND

HOUSE OF DELEGATES
House of Delegates Leadership
Team

HOD Speaker: TAMARA L. RANDALL, MS, RDN,
LD, CDCES, FAND

HOD Speaker-elect: AINSLEY M. MALONE,
MS, RDN, LD, CNSC, FASPEN, FAND

HOD Director: Joanne M. Graham, PhD,
RD

HOD Director: ROSEANNA B. HOLLIDAY, PHD,
MPH, RD, FAND

HOD Director: SHERRI L. JONES, MBA, MS,
RDN, LDN, CPHQ, FAND

HOD Director: LONA F. SANDON, PHD, RDN,
LD
Affiliate Delegates

Alabama: CAROLINE S. HENSON, MS, RD, LD
Alaska: Seth Newt Anderson, MSCN, RD,

LD
Arizona: TBD
Arkansas: Kevin B. Metcalf, DCN, MS, RD,

LD, FAND
California: LISA GIBSON, MS, RDN, FAND
California: JO ANN L. MILLER, MPH, RD
California: WANDA M. SIU-CHAN, MS, RD
California: CYNTHIA SUSANA TOVAR, RD, CLEC
California: Kelly B. Warner, MPH, RDN
Colorado: Alexandra W. Wilson, MS, RDN,

CDCES
Connecticut: Suvosree Chatterjee, RD,

CDCES
Delaware: Frances Taccone Griffith, PhD,

MS, RDN, LDN
District of Columbia: Darlena G. Birch,

MBA, RD
Florida: Jennifer E. Farrell, MS, RD
Florida: Claudia V. Sealey-Potts, PhD, RD,

LD, FAND
Georgia: Catherine S. McCarroll, MPH, RD,

LD
Hawaii: STACEY LEILANI BRESHEARS, MS, RD,

LD, CDCES
Idaho: BARBARA J. GORDON, DED, RDN, FAND
Illinois: CHRISTINE M. CLIFF, MPH, RDN, LDN,

CLT, FAND
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Illinois: CONSTANCE LOCHER-BUSSARD, LDN
Indiana: SAMANTHA C. SCHAEFER, MS, RD,

LRD, FAND
International: ESTHER F. MYERS, PHD, RDN,

LDN, FAND
Iowa: Alyson J. Fendrick, RD
Kansas: KRISTI D. THAETE, MS, RD, CSP, LD,

FAND
Kentucky: MARGARET O. MURPHY, PHD, RD,

LD, FAND
Louisiana: ELIZABETH L. OLLENDIKE, MS, RD,

LDN, CDCES
Maine: KRISTINE E. KITTRIDGE, MS, RDN, LD
Maryland: ARNETTA RENEE FLETCHER, PHD,

RDN, LDN
Massachusetts: Melanie M. Mott, PhD, RD
Michigan: Cassandra M. Whiddon, MS,

RDN
Minnesota: DEBRA B. SHEATS, MPH, RD, LD,

FAND
Mississippi: TERESA C. CARITHERS, PHD, RD,

LD, FAND
Missouri: PUNITA CHOUDHARY, PHD, RD, LD
Montana: MATTHEW W. LARSEN, RDN,

CDCES, LN
Nebraska: SHANNON R. MUHS, MS, RDN, LD,

CN, LMNT, LN
Nevada: MANDISHA KA’I WAITERS, RDN, LD
New Hampshire: KATHERINE E. PFEIFLE, MS,

RDN, LD
New Jersey: KATHLEEN M. CAROZZA, MA, RD,

FAND
NewMexico: JENNIE M. MCCARY, MS, RD, LD
New York: RITA K. BATHEJA, MS, RDN,

AFMCP, CDN, FAND
New York: CATHERINE FRANCES BROWN, MS,

RD, CDN
New York: ANGELA HELENE GOSCILO, MS, RD
New York: MARIA C. MAHAR, MA, RD, CDN
North Carolina: MELISSA D. GUTSCHALL, PHD,

RD, FAND
North Dakota: BETTY J. LARSON, EDD, RD,

FADA
Ohio: LISA C. ANDREWS, MED, RD, LD
Ohio: LORNA P. FULLER, PHD, RDN, LD
Oklahoma: PEGGY R. TURNER, MS, RD, LD,

FAND
Oregon: Whitney A. Ellersick, MS, RD
Pennsylvania: LISA A. JONES, MA, RDN, LDN,

FAND
Pennsylvania: SHAWNEE M. KELLY, MS, RD,

LDN, FAND
Puerto Rico: MAYRA L. ROMAN, RD, LND
Rhode Island: SHIRA E. HIRSHBERG, MS, RD
South Carolina: MOLLY JONES MILLS, RD
South Dakota: CHARLOTTE L. ROMMEREIM, LD,

LN
Tennessee: MARY C. SCHALLERT, RDN, FAND,

LND
Texas: CAROL L. BRADLEY, PHD, MA, RDN,

BCBA, LD, FAND
Texas: ANDIE L. GONZALEZ, PHD, MPH, RDN,

LD, FAND
Texas: HALLIE KENNEDY KAPLAN, MCN, RD, LD,

CNSC
Utah: Heidi J. Wengreen, PhD, RDN
Vermont: DESIRÉE DE WAAL, MS, RD, CD,

FAND
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Virginia: NICOLE V. BROWN, MS, RDN, LD
Washington: Heather L. Watkins, RD, CD
West Virginia: CATHERINE L. SHAW, RD,

CSOWM, LD
Wisconsin: VALERIE N. SHURLEY, MBA, MS,

RDN, CD, FAND
Wyoming: Judy A. Barbe, MS, RDN
Headquarters Partner: Anna Shlachter,

MS, RDN, LDN, FAND
DPG Delegates

Behavioral Health Nutrition: SHARON G.
LEMONS, MS, RDN, LD, CDCES, FAND

Cardiovascular Health and Well-being:
LYNN A C KAM, PHD, MA, MBA, RD, CSSD

Clinical Nutrition Management: BARBARA L.
LUSK, MFCS, RD, LDN, FAND

Diabetes: ALISON B. EVERT, MS, RD, CDCES
Dietetics in Health Care Communities:

CORA J. MARTIN, RDN, CSG, LD
Dietitians in Business and

Communications: TBD
Dietitians in Integrative & Functional

Medicine: FAYE BERGER MITCHELL, MS,
RDN, LDN, FAND

Dietitians in Medical Nutrition Therapy:
MARY-ELLEN DORFMAN, MPH, RD, LDN, CDN

Dietitians in Nutrition Support: HEATHER R.
STANNER, MS, RD, CNSC

Food and Culinary Professionals: AMY G.
MYRDAL MILLER, MS, RDN, FAND

Healthy Aging: MAUREEN M. JANOWSKI, RDN,
CSG, LDN, FAND

Hunger and Environmental Nutrition:
LA’DARIUS CORTEIZ MADISON, MPH, RDN,
LD

Management in Food and Nutrition
Systems: MARY ANGELA MILLER, MS, RD,
LD, FADA

Nutrition Entrepreneurs: SHELLEY A. RAEL,
MS, RDN, LD

Nutrition Educators of Health
Professionals: GINA PAZZAGLIA, PHD, RD

Nutrition Education for the Public: KAREN

S. BAKIES, RD, LD, FAND
Nutrition Informatics: GRACE F. JONES, RD
Oncology Nutrition: SHAYNE J. ROBINSON,

RD, CSO
Public Health/Community Nutrition:

KATRINA A. HOLT, MPH, MS, RD, FAND
Pediatric Nutrition: HOLLY A. VAN POOTS,

RDN, CSP, FAND
Research: KIM BEALS, PHD, RD, CSSD
Renal Dietitians: MARY KAY HENSLEY, MS,

RDN, FAND
Sports and Human Performance

Nutrition: TBD
School Nutrition Services: NANCY D. RICE,

RDN, LD, SNS
Vegetarian Nutrition: LINDSAY R. SCHMITZ,

MS, RD, LDN
Women’s Health: ELIZABETH D. HILLIARD,

PHD, RDN, IBCLC
Weight Management: COLLEEN M.

TEWKSBURY, PHD, MPH, RD, CSOWM,
LDN
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MIG Delegates

MIG Delegate: Asian Americans and
Pacific Islanders: HILARY C. WU, MS, RD

MIG Delegate: Cultures of Gender and
Age: JOHN E. FOUST, RDN

MIG Delegate: Global: TBD
MIG Delegate: Indians in Nutrition and

Dietetics: TBD
MIG Delegate: Latinos and Hispanics in

Dietetics and Nutrition: MARIA VIRGINIA

TIJERINA WALLS, PHD, MS, LN
MIG Delegate: National Organization of

Blacks in Dietetics and Nutrition:
LAUREN E. SWANN, MS, RD, LDN

MIG Delegate: Religion: TBD

At-Large Delegates

Delegate-at-Large: ACEND: PATRICIA J.
BRATHWAITE, EDD, MPH, RD, LD, FAND

Delegate-at-Large: CDR: MICHELE D. RAGER,
MS, RDN, RDN-AP, LDN, FAND

Delegate-at-Large: NDTR: COURTNEY
MORABITO, MBA, DTR, SNS, FAND

Delegate-at-Large: NDEP: CLAUDIA W.
SCOTT, MS, RD, LD, CDCES

Delegate-at-Large: Retired: JANICE A.
FISHER, PHD, BASC, RDN, FAADE

Delegate-at-Large: Student: KARINA

CASTILLO
Delegate-at-Large: Under 30 years of Age:

MARY CURNUTTE, MS, RD, LD

NOMINATING COMMITTEE

Chair: Christopher Wharton, PhD, FAND
Vice Chair: Martin M. Yadrick, MBI, MS,

RDN, FAND
Member: Kevin L. Sauer, PhD, RDN, LD,

FAND
Member: Barbara Grant, MS, RDN, CSO,

LD, FAND
Member: Cindy Hamilton, MS, RD, LD,

FAND
Member: Yolanda Jackson, MS, RD, LD
Member: Charlene Russell-Tucker, MSM,

RDN
Member: Demetrius Willis, MS, RDN, LDN
Ex-Officio: Patricia M. Babjak, MLIS, Chief
Executive Officer
Headquarters Partner: Joan Schwaba, MS,

RDN, LDN, Director, Strategic
Management

ACADEMY SPOKESPEOPLE

Rahaf Al Bochi, RDN, LDN
Sue-Ellen Anderson-Haynes, MS, RDN,

CDCES, LDN, CPT
Nancy Z. Farrell Allen, MS, RDN, FAND
Yasi Ansari, MS, RD, CSSD
Sandra J. Arevalo, MPH, RDN, CDN, CLC,

CDCES, FAND
Lena Beal, MS, RDN, LD
Amy Bragagnini, MS, RD, CSO
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Jennifer Bruning, MS, RDN, LDN
Grace A. Derocha, MBA, RD, CDCES
Roxana Ehsani, MS, RD, CSSD, LDN
Theresa Gentile, MS, RDN, CDN
Amy Kimberlain, RDN, LDN, CDCES
Emma Laing, PhD, RDN, LD, FAND
Whitney Linsenmeyer, PhD, RD, LD
Melissa Majumdar, MS, RD, CSOWN, LDN
Isabel Maples, Med, RDN
Wesley McWhorter, DrPH, MS, RD, LD,

CSCS
Caroline Passerrello, MS, RDN, LDN
Debbie Petitpain, MS, RDN, LDN
Angel Planells, MS, RDN, LDN
Melissa Ann Prest, DCN, MS, RDN, CSR,

LDN
Amy Reed, MS, RD, CSP, LD
Monique Richard, MS, RDN, LDN, FAND,

IFNCP, RYT
Kristen Smith, MS, RD, LD
Kimberly Snodgrass, RDN, LD
Julie Stefanski, Med, RDN, CSSD, LDN,

CDCES, FAND
Caroline Susie, RDN, LD
Jessica Sylvester, MS, RD/LDN, CNSC,

CDCES
Colleen Tewksbury, PhD, MPH, RD,

CSOWM, LDN
Lauri Wright, PhD, RDN, LD, FAND
ACADEMY AFFILIATE
PRESIDENTS

Alabama: JENNIFER DEHART, MS, RDN, LD
Alaska: LADONNA DEAN, RD, LD, SNS
International: TARVADY VARSHA, PHD, RD,

CCN CNIS
Arizona: KATHLEEN DIXON, MED, RDN
Arkansas: CLAUDIA CARBERRY, RD, MS
California: FATINAH DARWISHY, RD, MS
Colorado: CYNTHIA DORMER, PHD, RDN
Connecticut: SHRADDHA CHAUBEY, MS, RDN,

CDN, LDN
Delaware: BRITTANY KNICK, MS, RDN, LDN
District of Columbia: JARED MEACHAM, MS,

RDN, LDN
Florida: PEGGY O’NEILL, MBA, MS, RDN/N,

LDN, CSG, FAND
Georgia: ASHLEY MATTHEWS, MS, RDN, LD,

CNSC, PMP
Hawaii: STACY HAUMEA, MPH, RD
Idaho: KYLI GOUGH, RDN, LD
Illinois: UYEN LAM, RDN, LDN
Indiana: DINAH DALDER, MS, RD, LD
Iowa: BRIAN SMITH, RDN, LD
Kansas: PATRICIA DOLLARHIDE, RD, LD
Kentucky: TRACEY TRUE, RDN, LD
Louisiana: MARTHA STEVENS, MS, RD, LDN
Maine: SUSAN SULLIVAN, DSC, RD
Maryland: ASHELY LEWIS, RDN, LDN
Massachusetts: FRANCES PARPOS, RD, LDN,

CDCES
Michigan: HEATHER DOVER, MS, RDN
Minnesota: TONI SWANSON, RDN, CSG, LD
Mississippi: LYDIA WEST, MPH, RD, LD, CC
Missouri: JOEL RAMDIAL,RD, LD
Montana: KRISTIN BYKONEN, RDN
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Nebraska: CARRIE NIELSEN, RD
Nevada: KARA FREEMAN, DRPH, RD FAND
New Hampshire: ANN PETERSSON, RDN, LD
New Jersey: JANE PILANSKI, MS, RDN
New Mexico: DEBORAH LUFFEY, MS, RDN
New York: MICHELLE BARBER, MA, RDN, CDN
North Carolina: SHAYNEE ROPER, MED, RD,

LDN, FAND
North Dakota: ERIN BERENTSON, RDN, MPH
Ohio: JUDITH KAPLAN, MS, RD, LD
Oklahoma: JENNAFER LOGAN MS, RD, LD
Oregon: AMY FRASIEUR, MS, RD, LD
Pennsylvania: MICHELINE ORLOWSKY, MS,

RDN, LDN
Puerto Rico: SUZANNE JIMENEZ-SANCHEZ, MS,

RDN, LND
Rhode Island: MEGAN FALLON, MS, RD
South Carolina: STEPHANIE NIELSEN, MS, RD,

LDN
South Dakota: MOLLIE GREENWAY, MS, RD,

LN
Tennessee: E. LAUREN CROMER, MS, RD, LDN,

CLC
Texas: SARAH RYAN, MS, RDN, LD
Utah: GINA WARD, MS, RD, CD, CDE
Vermont: BRET HERMANSKY, MS, RDN, CD
Virginia: ALEXANDRA FREIMAN, RDN, CSG,

FAND
Washington: NICOLE STENDELL-HOLLIS, PHD,

RDN
West Virginia: LINDA ST. CLAIR, MS, RDN, LD,

CDE, SNS
Wisconsin: PATRICIA KEMPEN, MS, RDN, CD
Wyoming: LINDA CARDINAL, MS, RDN, LD
DIETETIC PRACTICE GROUP
CHAIRS

Behavioral Health Nutrition: THERESA
MARIE CARMICHAEL, RD

Cardiovascular Health and Well-being:
LAURI O BYERLEY, PHD RDN FAND

Clinical Nutrition Management: KERRY

ROBIN CLARK, RDN CD FAND
Diabetes Dietetic Practice Group: PATRICIA

G Davidson, DCN RDN LDN CDCES
FAND

Dietetics in Healthcare Communities:
RENA S. ZELIG, DCN MS RDN CSG CDCES

Dietitians in Business and
Communications: VICTORIA E. SCHMITT,
MS RDN LD

Dietitians in Integrative and Functional
Medicine: MIHO HATANAKA, RD LD

Dietitians in Medical Nutrition Therapy:
RENEE S. EULER, MS RD LD

Dietitians in Nutrition Support: LAUREN E.
PROBSTFELD, MS RD CNSC

Food and Culinary Professionals: SANNA J.
DELMONICO, MS RDN

Healthy Aging: LYNNSEY NICOLE BOGASH, MS
RD LDN

Hunger and Environmental Nutrition:
Rebecca VALENTINE ROBBINS, MS RD SNS

Management in Food and Nutrition
Systems: LYNN M OSTREM, PHD MBPA LD
PMP
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Nutrition Education for the Public: KALEY

LYNN CARMAN, PHD RDN LDN
Nutrition Educators of Health

Professionals: KRISTEN KELLEY ROOF, PHD
MS RD FAND

Nutrition Entrepreneurs: STEPHANIE HOPE

DORFMAN, MS RD
Nutrition Informatics: SHARON SOLOMON,

MHA RD
Oncology Nutrition: ERIN N. GURD, RD CSO
Pediatric Nutrition: ANTOINETTE CLAIRE

MARAGLINO, MS RD CSP LD
Public Health/Community Nutrition:

VICTORIA A. WARREN-MEARS, PHD FAND
Renal Dietitians: RORY C. PACE, MPH RD

CSR FAND
Research: MARY NICOLE LESSER, PHD MS BS

RD
School Nutrition Services: SANDRA C.

CURWOOD, PHD RDN
Sports and Human Performance

Nutrition: ROBERTA H. ANDING, MS RD LD
CDE FAND

Vegetarian Nutrition: ANNA M. RODRIGUEZ,
RDN LD FAND

Weight Management: LAURA B.
ANDROMALOS, MS RD CSOWM CDCES

Women’s Health: CHRISTINE D. QUINN, MS
RDN IFNCP
Member Interest Group (MIG)
Chairs

Asian Americans and Pacific Islanders:
LEVIN GENCIANEO DOTIMAS, RD

Cultures of Gender and Age: HALEY S.
HICKMAN, RD

Global Member Interest Group: LISA L.
LITTRELL, MPH RD

Indians in Nutrition and Dietetics:
VANDANA R. SHETH, RDN CDCES FAND

Latinos and Hispanics in Dietetics and
Nutrition: LUIS M. GONZALEZ, MS RD

National Organization of Blacks in
Dietetics and Nutrition: JUNE M.
THOMPSON, MS RD LDN FAND

Religion: SHARON M. LUTHERAN, MSH LD CLC
PUBLIC POLICY COORDINATORS

Alabama: REBEKAH DEWITT, MS, RD, LD
Alaska: ASHLEY FUNK, RDN, IFNCP, LND
Arizona: ERIKA BARRERA, MPH, RD
Arkansas: CAROLE GARNER, MPH, RDN, LD
California: MICHELLE KATZ, MPH, MS, RD,

CHES
California: BRENDA O’DAY, MS, RD, CNSC
Connecticut: KERRY COUGHLIN, MS, RD, CSO
Delaware: LAURA AMES, RD
Florida: BIANCA MANFRED, MS, RD, LD
Florida: DEBRA ROESCH, MS, RD
Georgia: ROBIN STEAGALL, RD, LD
Hawaii: KARL SLOSS, RDN
Idaho: MEGAN SEAL, RDN
Illinois: AMY MOORE, MS, RDN, CBE
TION AND DIETETICS
Iowa: KAITLYN SCHEUERMANN, MPP-D, RDN,
LD

Kansas: CASSANDRA FLOREA, MS, RDN
Kentucky: CANDICE TUFANO, RD, LD
Louisiana: BROOKE LOWENKRON, RD, LD
Maine: KAYLA PARSONS
Maryland: GLENDA LINDSEY, PHD, MS, RD, LD
Michigan: TINA GUAJARDO, MA, RD
Michigan: DEANNE KELLEHER, MS, RDN
Minnesota: ANGELICA ANDERSON, MS, RDN
Mississippi: KYSKIE BOLTON, MSCHN, LDN,

RD
Missouri: CARMEN BERRY, MPH, RD, LD
Montana: PAIGE SADOWSKI, MS, RD, LN
Nebraska: REBECCA CARLIN, NDTR
Nevada: DAWN MATUSZ, MS, DTR
New Hampshire: STEPHANIE CHMIELECKI, MS,

RD, LD
New Jersey: JANE SELITTO, RD
New Jersey: APRIL TAMBURO, RD
New Mexico: REBECCA LAMOREUX, MS, RDN
North Carolina: ELIZABETH RAYNOR, MS, RD,

CSCS
North Dakota: FLORENCE URAKPA, PHD, RDN,

LDN
Ohio: KENDRA SCHMUCK, RDN, LD, CDE
Oklahoma: HALEY BILLINGS, MS, RD, LD
Oklahoma: DIANA RICE, RD
Oregon: ANSLEY HILL, RDN
Oregon: LAURA PERDUE, MPH, RDN
Oregon: CHRISTOPHER COMSTOCK, MS, RD, LN
Puerto Rico: LUZ RODRIGUEZ OTERO, RD
South Carolina: CARMEN THOMPSON, MS,

RDN, LD
South Dakota: CHRISTOPHER COMSTOCK, MS,

RD, LD
South Dakota: HUNTER OLSON, RD
Tennessee: NAN ALLISON, MS, RD, LDN
Texas: EVAN SATTEM
Utah: JOBAIDA KHANOM, RD, LDN
Vermont: NOAH PRAAMSMA, RD
Virginia: SARAH COLLINS, MPH, RD
Washington: ELMENDORF ATKINSON, MS,

RDN, CD
Washington: BRITTANY CUTHBERT, MPH, RD
West Virginia: HELENIA SEDOSKI, MS, RD, LD
Wisconsin: TRACEY ELMES, MS, RD
Wyoming: CODI THOMPSON, RD, LDN, CDCES
STATE POLICY SPECIALISTS

Alabama: TAMMIE BROWN, RDN
Alaska: SETH ANDERSON, MSCN, RD, LD
California: Michelle Katz, MPH, MS, RD,

CHES
California: Brenda O’Day, MS, RD, CNSC
Florida: Afaf Qasem, MS, RD
Florida: Debra Roesch, MS, RD
Georgia: Cicely Thomas, RD, LD
Hawaii: Karl Sloss, RDN
Idaho: Andrea Jeffery, MS, RDN, LD
Illinois: REBECCA ILIC, MS, RD, LDN
Illinois: VALERIE KORESS, MS, RD, IBCLC
Kentucky: BRITTNEY STOKLEY
Michigan: RANDALYNN HAJEK, RD
Michigan: MIA OWEN, MS, RD
Minnesota: REBECCA LEIGHTON, RD, LD
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Nevada: SHEENA SKELTON, RDN, LD
New Hampshire: ELISE BOLSTER, RD, LDN
New Jersey: DOREEN GARELICK, JD, RD
New York: ANN DARCY, MS, RD, CDN
North Carolina: SHERI CORDELL, MA, RD
North Dakota: CASEY BJORALT, RD, CEDRD
Ohio: CYNTHIA BLOCKSOM, MED, MCHES, RD,

LD, FAND
Ohio: PATRICIA MCKNIGHT, MS, RDN, LD,

FADA, FAND
Oklahoma: KATHRYN MASCHINO, MS, RD
Pennsylvania: JULE ANNE HENSTENBURG, PHD,

RD, LDN, FAND
South Carolina: MELINDA BOYD, DCN, MPH,

MHR, RD, FAND
South Carolina: AMY DOWNEY, RD, LD
Texas: AGNES BLACHUT, MCN, RD
Utah: MARIA MELINDA SIENG, MS, RDN
Vermont: Noah Praamsma, RD
Virginia: Lesley McPhatter, MS, RD, CSR
Washington: Meghan Cichy, RD
West Virginia: Rebecca Dattola, MS, RD,

LD
Wisconsin: Alisa Krizan, MS, RDN, FAND
Wyoming: Codi Thompson, RD, LDN,

CDCES

STATE REGULATORY SPECIALIST

Alabama: HIBA MATALKA, RDN, LD
Arkansas: JENNIFER CLAMPITT, MS, RD, LD,

CDCES
California: PATRICIA BOOTH, MS, RD, FADA
California: KARISSA BOUCHIE, RD, CDE, FAND
Florida: DAWN SPRINGS, MS, RD, LD, CDE
Florida: JESSICA SYLVESTER, MS, RD, LDN,

CDCES, CNSC
Georgia: STEVEN WEBB, RD
Idaho: DARLENE DOUGHERTY, MS, RD, FAND
Illinois: STACI BETTIKER, MS, FAND
Illinois: CORYN COMMARE, MS
Iowa: KRISTY CARR, RD
Maine: MARY EMERSON, MS, RD, LD, SNS
Maryland: BARBARA HOFFSTEIN, RD, LDN
New Hampshire: ERIKA BEHRMANN, RD, LDN
New Jersey: KAREN BASEDOW, MS, RD, CDE
New York: CAROLE DEBONTE, MBA, RD, CS,

CDN
North Carolina: JAYME LIMBAUGH, MS, RD,

LDN, CET, CSC, ACSM
Ohio: MARILYN MAVKO, MS, RDN, LD
Oregon: NEILANN HORNER, PHD, MPH, RD
Pennsylvania: ANDREA BARNES, MSCN, RD,

LDN, FAND
South Carolina: ARRIANNA JOHNSON, RD, LD
Texas: DEBORAH JOHNSON
Utah: ROBIN AUFDENKAMPE, MS, MHA, RDN,

CDN, FAND
Washington: SHELLEY BARNHART, MS, RDN
Wisconsin: BRITTANY ZERBE, MS, RD, CD

CONSUMER PROTECTION
COORDINATORS

Alabama: MELISSA HUGHLEY, MS, RD, LD,
CNSC
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Alaska: KELLY SPITTLER, RD, LD, CDE
California: Patricia Booth, MS, RD, FADA
California: Karissa Bouchie, RD, CDE,

FAND
Connecticut: Barbara Dubois, RDN
Delaware: Donna Paulhamus-Giord, MS,

RDN
Florida: Debra Roesch, MS, RD
Hawaii: AMY TOUSMAN, MPH, RDN, CDE
Idaho: JENNIFER SCHARFFER, MBA, RDN
Illinois: MARK MCINERNEY, DHSC, RD
Indiana: BRIAN REAGAN, PHD, RDN, LDN
Kansas: V. DIANE GREENLEAF KISNER, MS,

RDN, LD, CDE
Kentucky: DUDDEY WHITNEY, MHA, RD, LD
Louisiana: EMILY STEPHENS, MS, RDN
Massachusetts: CAMILLE FINN, MS, RD, LDN,

CBDT
Michigan: SAMANTHA WALKER, RD
Mississippi: KAREN JOHNSON, MSFN, RDN
Nebraska: PAULA RITTER-GOODER, FAND
Nevada: MARTIN DILLON, RD
New Hampshire: MICHELLE MOREAU, RD, LD,

CC
New Jersey: ROSEMARY O’DEA, MA, RDN,

LDN, FAND
New Jersey: PINKIN PANCHAL, MS, RDN
New Mexico: RAINIER CASTRILLO, MS, RDN,

ACSM-CPT
New York: KAREN OSTRUM, MS, RD, CDN
North Dakota: BRIANNA SRNSKY, RD, CEDRD,

LRD
Ohio: ELIZABETH DOUGLASS, MPA, RD
Ohio: NATALIE STEPHENS, MS, RDN, LD, FAND
Pennsylvania: KATRINA CLAGHORN, MS, RDN
South Carolina: ROWAN GOODRICH, MS, RD,

LD
South Dakota: APRIL SORENSEN, LN
Tennessee: MARILYN HOLMES, MS, RDN, LDN
Texas: DEBRA KING, MS, RD, LD, FAND
Washington: CATHY VISSER, MPH, RD
West Virginia: AMY GANNON, EDD, RDN, LD
Wisconsin: CASSANDRA VANDERWALL, PHD,

RD, CDCES, CDE, CD, FAND
AFFILIATE NUTRITION SERVICES
PAYMENT SPECIALISTS

Alabama: DESIREE WALKER, MS, RDN, CSP,
LD

Alabama: LAURA WATSON, MPH, RD, CDCES
Arizona: JENNIFER DOLEY, MBA, RD, CNSC,

FAND
Arkansas: AMANDA DAWSON, MS, RDN, CSG,

LD
California: MANIJEH NEZAMI, DRPH, MA, MS
Colorado: LAUREN PICKENS, MS, RDN
Connecticut: AMY PLANO, MS, RD, CDE, CDN
Florida: DEANNA HOWARD-GONZALEZ, MBA,

RD, LD, CDE
Florida: Dawn Springs, MS, RD, LD, CDE
Georgia: CAITLIN WADDLE, MS, RDN
Idaho: RACHEL KRICK, RD
Illinois: MELISSA PREST, DCN, MS, RD, LDN
Indiana: CAITLYN BAUER, MS, RDN, LD
Indiana: ERIN HURST, RD
JOURNAL OF THE ACADE
Kansas: ANNA BINDER MCASEY, RD, CLT
Kansas: JORDAN CHEN, MS, RD
Kentucky: ERIN CASEY, MS, RD
Kentucky: ERICA RHORER, RD, LD, LC, CHC,

CD
Louisiana: MALINDI VINK, RD
Maine: KATHERINE MULLIN, CDCES
Michigan: SARAH CLARK, MS, RDN, CDE
Minnesota: LOUANNE KAUPA, RDN, CDCES,

LN
Missouri: DEANNE MARSELLE, MA, RD
Nebraska: SHELLY ASPLIN, MA, RDN, CDCES,

LMNT
Nevada: IVETTE ALVAREZ GUTIERREZ, RD
New Hampshire: Michelle Moreau, RD,

LD, CC
New Jersey: MARISA SWEENEY, RD, LN
New Mexico: DIANA SUGIUCHI, RDN, LDN
New York: LOIS CHAIT, MA, MBA, RD, CDN,

LND
North Carolina: JULIE CUNNINGHAM, MPH,

RD, LDN, CDE, IBCLC
North Carolina: RACHAEL ELLEDGE, MS, RD,

LDN, CDE
North Dakota: JANET WANKE, LRD
Ohio: AMY LEWIS, MS, RD, LD
Ohio: LAURA POLAND, RDN, LD
Oklahoma: CATHERINE BARDEAUX, MS, RD, LD
Oregon: JANET MANN, MS, RDN
Pennsylvania: ANDREW WADE, MSH, RDN,

CSSD, LDN
Puerto Rico: AIMEE MALDONADO RODRIGUEZ,

RDN, LDN
South Carolina: JEREMY PONDS, MS, RDN,

LD, IFNCP
South Dakota: JULIE JENSEN, MS, RD, LN
Tennessee: BRIAN JONES, MS, RDN, CDCES,

FAND
Texas: MARTHA MCHENRY, RD, LD, CDE
Utah: ALLISON MCLEOD, RDN
Vermont: STEPHANIE GALL, DCN, RD, CD
Virginia: CAROLINE FORNSHELL, MS, RD
Washington: JENNIFER OKEMAH, MS, BCADM,

CDE, CN, CD
Wisconsin: AMANDA STINSON, MS, RD,

CDCES, CD
DPG/MIG NUTRITION SERVICES
PAYMENT SPECIALISTS

Clinical Nutrition Management: VALERIE

SHURLEY, MBA, MS, RDN, CD, FAND
Diabetes: AMANDA KIRPITCH, RDN, CDCES,

CDN
Dietetics in Health Care Communities:

COREYAN POLY-GERACIE, PHD, MEd, RDN,
LDN, CDE, ACE-CMES

Dietitians in Medical Nutrition Therapy:
PATRICIA HENRY, MED, RDN, LD, CDCES

Dietitians in Nutrition Support: ANNE

NICOLE KENDRICK, MDA, RDN, CNSC
Cardiovascular Health and Well-being:

CAROL BRADLEY, PHD, MA, RDN, BCBA, LD,
FAND

Weight Management: STEPHANIE JONES,
MPH, RD, CHES, CPH, ACE-CPT
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Renal Dietitians: JESSIE PAVLINAC, MS, RD,
RDN-AP, CSR, LD, FAND
DPG PUBLIC POLICY AND
ADVOCACY LEADERS

Cardiovascular Health and Well-being:
GEETA SIKAND, MA, RDN, CDE, FNLA, CLS,
FAND

Clinical Nutrition Management:
SUSAN M. BRANNING, MBA, RD, CNSC,
CDN, FAND

Diabetes: AMANDA R. KIRPITCH, RDN, LD,
CDE, CDN

Diabetes: CANDICE BELLE TUFANO, RD, LD
Diabetes: CHARLENE M. DORCEY, MS, RDN,

CDCES, LMNT
Dietetics in Healthcare Communities:

CYNTHIA A. WOLFRAM, RD, LD, FAND
Dietitians in Business and

Communications: JENNIFER M. ROBERTS,
MS

Dietitians in Business and
Communications: MANJUSHREE KARKARE,
MS, RDN, LDN, CLT, FAND

Dietitians in Medical Nutrition THERAPY:
LISA M. RONCO, MS, RD, CDE, CDN

Dietitians in Nutrition Support: KELLY F.
KINNARE, MS, RD, LDN, CNSC

Food and Culinary Professionals: STEPHANIE
M. DEBERRY, MS, RDN

Healthy Aging: CANDACE S. JOHNSON, RDN,
FAND

Hunger and Environmental Nutrition:
DOREEN SHULMAN GARELICK, JD, RD

Indians in Nutrition and Dietetics: RITA K.
BATHEJA, MS, RDN, AFMCP, CDN, FAND

Management in Food and Nutrition
Systems: KAREN S. BYRD, PHD

National Organization of Blacks in
Dietetics and Nutrition: JUDITH C.
ANGLIN, PHD, RDN, FAND

Nutrition Education for the Public: JESSICA
FEY, MS, RDN

Nutrition Educators of Health
Professionals: ROGER A. SHEWMAKE, PHD,
LN, FAND

Nutrition Entrepreneurs: CARLA M. SICELOFF,
MS, RD, LDN

Nutrition Informatics: SUE KENT, MS, RDN,
LD

Oncology Nutrition: SARA G. ESTABROOK,
MCN, RDN, LDN, FAND

Pediatric Nutrition: JESSICA M. LOWE, MPH,
RD, CSP

Public Health/Community Nutrition:
ALICIA HAMMOND GROVE, MS, RD, SNS

Renal Dietitians: LOIS J. HILL, MS, RD, LD,
FAND

School Nutrition Services: JEANNE REILLY,
NDTR, SNS

Vegetarian Nutrition: CATHERINE CONWAY,
MS, RD, CDCES, CDN

Weight Management: MELISSA M. PAGE, MS,
RD, CSOWM, LDN

Women’s Health: DAWN R. BALLOSINGH,
MPA, RD, LDN
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Editor-in-Chief: Linda G. Snetselaar, PhD,
RDN, FAND, LD

Anne Andrews, PhD, RD, CSSD
Anna Arthur, PhD, MPH, RDN
Katherine Balantekin, PhD, RD
Tom Baranowski, PhD
Judith Bartfeld, PhD
Col. (Ret) Gaston P. Bathalon, PhD, RDN,

FAND
Lori G. Borrud, DrPH
Vasiliki (Sila) Bountziouka, PhD
Carol Boushey, PhD, MPH, RD
Leanne Brown, PhD, AdvAPD
Carmen Byker-Shanks, PhD, RDN
Juliana Cohen, ScM, ScD
Zach Conrad, PhD, MPH
Clare A. Corish, PhD, RD, FINDI
Amber B. Courville
Anne Marie David, PhD, RDN, FAND
Brenda Davy, PhD, RD, FACSMV
Heather A. Eicher-Miller, PhD
Cecilia Wilkinson Enns, MS, RDN, LN
Temitope Erinosho, PhD
Teresa Fun, ScD, RD
Philip M. Gleason, PhD
Carley Grimes, PhD, APD
Brook Harmon, PhD, RD, FAND
Kristen Berding Harold, PhD, RD
Jeffrey Harris, DrPH, RD, CNS
Heather Hartline-Grafton, DrPH, MPH, RD
Kristen A. Herrick, MSc, PhD
Adela Hruby, PhD, MPH
Fumiaki Imamura, PhD, MS
Erica Kenney, ScD, MPH
Sharon Kirkpatrick, PhD, MHSc, RD
Natalie Knox, PhD
Carol Koprowski, PhD, RD
Susan M. Krebs-Smith, PhD, MPH
Cindy Leung, ScD, MPH
Jessica Lieffers, PhD, RD
Leah Lipsky, PhD
Christopher Long, PhD
Kelsey M. Mangano, PhD, RD
Hannah Mayr, PhD, APD
Elizabeth Metallinos-Katsaras, PhD, RD
Amy R. Mobley, PhD, RD
Pablo Monsivais, PhD, MPH
Mary C. Naglak, PhD, RD, LDN
Andrew Odegaard, PhD, MPH
Lauren Olsho, PhD
Kristina Petersen, PhD, APD, FAHA
Hollie Raynor, PhD, RD, LDN
Shannon Robson, PhD, MPH, RD
Caroline dos Santos Costa, PhD
Margaret Savoca, PhD
Rhonda Sebastian, MA
Patricia Sheean, PhD, RD
Yurii B. Shvetsov, PhD
Annalynn Skipper, PhD, RDN, FADA
Lyn M. Steffen, PhD, MPH, RD
April Stull, PhD, RDN, FAND
Fred K. Tabung, PhD, MSPH
Janet A. Tooze, PhD, MPH
Alison Tovar, PhD, MPH
Ashley Vargas, PhD, MPH, RDN
Alison Ventura PhD, CLECC
TION AND DIETETICS
Laurie A. Wadsworth, PhD, PDt, FDC, MSc
Elaine Waxman, PhD, MPP
Marion F. Winkler, PhD, RD, LDN, CNS
Alexis Wood, PhD
Judith Wylie-Rosett, EdD, RD
Jamie Zoellner, PhD, RD

NUTRITION AND DIETETIC
EDUCATORS AND PRECEPTORS
(NDEP)

Chair: Mary DEAN COLEMAN

Vice-Chair: DOROTHY CHEN MAYNARD

Past Chair: KATIE ELIOT
Preceptor Director: WYNNIFRED HOODIS

Public Member: TBD
Graduate Student Representative: BROOKE

WICKMAN

DEI Committee Chair: RABIA RAHMAN

Communications Director: LORI GREENE

Newsletter Editor: HOLLY HUYE

Board of Directors Liaison: TAMMY RANDALL

ACEND Liaison: JAMES SWAIN

CDR Liaison: ROSA HAND

Headquarters Partners:

ACCREDITATION COUNCIL FOR
EDUCATION IN NUTRITION AND
DIETETICS (ACEND)

Chair: JAMES SWAIN, PHD, RD, LD, FAND
Past ACEND Chair: CHERYL BACON, MS, RD,

LDN, CNSD, CSO
Vice Chair: LONG WANG, MD, PHD, RDN,

FAND
Coordinated Program in Dietetics (CP)

Representative: WANDA KOSZEWSKI, PHD,
RD, LD, FAND

Didactic Program in Dietetics (DPD)
Representatives: MELINDA ANDERSON,
PHD, RDN, LDN; KENDRA KATTELMANN,
PHD, RDN, LN, FAND

Dietetic Internship Program (DI)
Representatives: CONSTANCE FRANCIS,
PHD, RD; CRYSTAL WYNN, PHD, MPH, RD

Dietetic Technician Program (DT)
Representative: JUDITH KAPLAN, MS, RD,
LD

Diet Technician Program (DT)
Representative-Elect: HEATHER WILLIAMS,
PHD, MS, RDN

Program Administrator Representative:
NINA L. ROOFE, PHD, RDN, LD, FAND

Program Representatives at Large: NINA L.
ROOFE, PHD, RDN, LD, FAND; JENNIFER
TOMESKO, DCN, RD, CNSC

Program Representatives at Large-Elect:
KELLI KILLINGSWORTH, MPH, RDN, LND

Practitioner Representatives: PATRICIA
BRATHWAITE, EDD, MPH, RDN, LDN,
FAND; MICHELLE PALUMBO, NDTR

Practitioner Representative-Elect: GLORIA

VERDINO, MS, RD, CDN
Student Representative: MICHELLE EVANS,

Dietetic Student, University of
Northern Colorado, Greeley, Colorado
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Student Representative-Elect: AISHA KHAN,
Dietetic Student, University of Texas
Southwestern Medical Center, Dallas,
Texas

Public Members: ANITA C. REINHARDT, PHD,
RN; SHAWNA L. STRICKLAND, PHD, CAE,
RRT-NPS, RRT-ACCS, AE-C, FAARC;
ANTHONY HILL, PHD, LISW-CP, CFSW,
ACSW

Headquarters Partner: RAYANE ABUSABHA,
PHD, RD, Executive Director,
Accreditation and Education Programs
Team
ACEND Executive Committee

Chair: James Swain, PhD, RD, LD, FAND
Members: Cheryl Bacon, MS, RD, LDN,

CNSD, CSO; Long Wang, MD, PhD, RDN,
FAND

Headquarters Partner: Rayane AbuSabha,
PhD, RD, Executive Director,
Accreditation and Education Programs
Team
ACEND Accreditation Standards
Committee

Chair: JUDITH KAPLAN, MS, RD, LD
Members: JAMES SWAIN, PHD, RD, LD, FAND;

KENDRA KATTELMANN, PHD, RDN, LN,
FAND; MICHELLE EVANS, DIETETIC STUDENT;
KELLI KILLINGSWORTH, MPH, RDN, LND;
ANTHONY HILL, PHD, LISW-CP, CFSW,
ACSW

Headquarters Partners: JODI WRIGHT, PHD,
RD, CDN, RDH; Senior Manager,
Education Program Accreditation; ELISE
COWIE, MED, RD, LD, FAND; Manager,
Education Program Accreditation;
RAYANE ABUSABHA, PHD, RD Executive
Director, Accreditation and Education
Programs Team
ACEND Nominating Committee

Chair: WANDA KOSZEWSKI, PHD, RD, LD,
FAND

Members: ANITA C. REINHARDT, PHD, RN;
PATRICIA BRATHWAITE, EDD, MPH, RDN,
LDN, FAND; AISHA KHAN, DIETETIC

STUDENT; MICHELLE EVANS, STUDENT; CHERYL
BACON, MS, RD, LDN, CNSD, CSO

Headquarters Partners: JAMIE PAK, MA, LPC,
NCC, Manager, Education Program
Accreditation; JACQUELINE JOHNSON,
Coordinator, Education Program
Accreditation; STEPHANIE PARRY, BS,
Accreditation Support Manager
ACEND Accreditation Committee

Chair: NINA L. ROOFE, PHD, RDN, LD, FAND
September 2022 Volume 122 Number 9
Members: JENNIFER TOMESKO, DCN, RD,
CNSC; MICHELLE PALUMBO, NDTR;
CONSTANCE FRANCIS, PHD, RD; CRYSTAL
WYNN, PHD, MPH, RD; MELINDA

ANDERSON, PHD, RDN, LDN; JENNIFER
TOMESKO, DCN, RD, CNSC; SHAWNA L.
STRICKLAND, PHD, CAE, RRT,-NPS, RRT-
ACCS, AE-C, FAARC; HEATHER WILLIAMS,
PHD, MS, RDN; GLORIA VERDINO, MS, RD,
CDN; MAXINE MCELLIGOTT, MA, RD,
LMNT, CDE; SHARON SCHWARTZ, MS, RD,
LDN

Headquarters Partners: LAUREN BOZICH, MS,
RD, LDN, Senior Director of
Accreditation; AMY ANICHINI, MS, RD,
LDN, Director of Operations and
Technology; JODI WRIGHT, PHD, RD, CDN,
RDH, Senior Manager Education
Program Accreditation
ACEND Technology Committee

Chair: JANET D. HISER, MOE, RD, CNSC, CDN,
FAND

Members: ANITA C. REINHARDT, PHD, RN;
JENNIFER TOMESKO, DCN, RD, CNSC; ANNE

DAVIS, PHD, RD; BETH L. LEONBERG, MS,
MA, RDN, CSP, FAND, LDN; KAYLE

SKORUPSKI, MS, RDN-AP, CSG; NICOLE

KLEM

Headquarters Partners: JAMIE PAK,
Manager Education Program
Accreditation; LAURIE KRUZICH, Manager
Education Program Accreditation; AMY

ANICHINI, MS, RD, LDN, Director of
Operations and Technology

COMMISSION ON DIETETIC
REGISTRATION

Chair: CHRISTINA ROLLINS, MBA, MS, RDN,
LDN, FAND, CNSC

Vice-Chair: ROSA HAND, PHD, RDN, LD,
FAND

Public Member: MARK WAGNER, ICYB
Commission Members: ANISHA CHHIBBER,

MS, RD, CNSC, FAND; KATIE DODD, MS,
RDN, CSG, LD, FAND; OLIVIA NASS, MS,
RDN, CD; CHRISTOPHER MESSENGER, PHD,
MS, RD, LD, CNSC; CHRISTOPHER MILLS,
MPH, DTR, CSCS; MICHELE RAGER, MS,
RDN-AP, LDN, FAND; TERESE SCOLLARD,
MBA, RDN, LD, FAND; TERESA WAGNER,
DRPH, MS, CPH, RD, LD, CPPS, CHWI,
DIPACLM, CHWC; VALAREE WILLIAMS, MS,
RD, CSO, CNSC, LDN, FAND

Headquarters Partners: SHARON M.
MCCAULEY, MS, MBA, RDN, LDN, FADA,
FAND; ROXANNE WAY CARTER
Advanced Level Clinical Practice
Panel

Chair: MICHELE RAGER, MS, RDN-AP, LDN,
FAND
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Panel Members: SNEHA BANDI, MS, RDN-AP,
LD, CNSC; JULIE GEYER, RDN-AP, CNSC;
SHANNON GOFF, MPH, CSPCC, RDN-AP,
CNSC; SARA O’BRIEN, MS, RD-AP, LDN,
CNSC; ELIZABETH WALL, MS, RDN-AP,
CNSC

Headquarters Partners: KIM WHITE, RD
Appeals Panel

Chair: ELIZABETH S ABBAY, MBA, RDN, LDN,
FAND

Panel Members: REBECCA A BRODY, PHD, RD,
LD, CNSC; TARYN L HEHL, MS, RD, LD,
FAND; DREW MICHAEL HEMLER, MSC, RD,
CDN, FAND; THERESA M MOUTAFIS, MA,
RD, CDCES, IBCLC; TERESE SCOLLARD,
MBA, RDN, LD, FAND; BRIAN C SHEDLESKI,
RD; HOLLY K TRUEBLOOD, DTR; ERIC W
WEST, MBA, DTR

Headquarters Partners: SHARON M.
MCCAULEY, MS, MBA, RDN, LDN, FADA,
FAND; SAMANTHA LOVE, MS, RDN;
MICHAEL KELLY, MS, RDN, LDN
Competency Assurance Panel

Chair: AMANDA KRUSE, MS, RD, LD, FAND
Panel Members: CRYSTAL ZABKA BELSKY, MS,

RDN, CSSD, LMNT, LDN; AMANDA COUFAL,
BS NDTR; GWENNA EGART, RDN, LD;
KATHRYN LAWSON, MS, RDN; SEAN PALADINI,
MS, CSR; ASHLEY PASCHKE, MS, RDN,
CDCES; TERESA WAGNER, DRPH, MS, CPH,
RD, LD, CPPS, CHWI, DIPACLM, CHWC

Headquarters Partners: SAMANTHA LOVE,
MS, RDN; CHRIS KRALIK
Examination Panel

Chair: ANNA CAHN, PHD, RDN
Vice-Chair: ANISHA CHHIBBER, MS, RDN,

CNSC, FAND
Panel Members: AMANDA R COUFAL, BS,

NDTR; JILLIAN JOYCE, PHD, RD; CHRISTOPHER
MESSENGER, PHD, MS, RD, LD, CNSC;
CHRISTOPHER MILLS, MPH, DTR, CSCS;
OLIVIA NASS, MS, RDN, CD; SALOME

PEMBERTON, MPH, RD CDN; AARON

SCHWARTZ, MS, MBA, RD; VALAREE

WILLIAMS, MS, RD, CSO, CNSC, LDN,
FAND

Headquarters Partner: KAY MANGER-HAGUE,
RD
Finance Committee

Chair: Christina Rollins, MBA, MS, RDN,
LDN, FAND, CNSC

Committee Members: Rosa Hand, PhD,
RDN, LD, FAND; Mark Wagner, ICYB

Headquarters Partners: Sharon M.
McCauley, MS, MBA, RDN, LDN, FADA,
FAND; Roxanne Way Carter
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Nominating Committee

Chair: Christina Rollins, MBA, MS, RDN,
LDN, FAND, CNSC

Committee Members: ASHLEY DEBERRY,
DTR; KATIE DODD, MS, RDN, CSG, LD,
FAND; ROSA HAND, PHD, RDN, LD, FAND;
YOUNG HEE KIM, MS, RD, LDN, CNSC,
FAND; SAMANTHA ANN REILLY, MS, RDN;
MONIQUE RICHARD, MS, RDN, LDN, FAND,
IFNCP, RYT

Headquarters Partners: Sharon M.
McCauley, MS, MBA, RDN, LDN, FADA,
FAND; Roxanne Way Carter

Specialist Certification Panel

Chair: KATIE DODD, MS, RDN, CSG, LD, FAND
Panel Members: JAMES CAIN, PHD, MSED,

RD, CSSD, CSOWM, LDN, CSCS; MICHAEL

DIBIASI, MS, RD, LDN, CSSD, CSCS,
ACSM-EPC, ISAK-1; ALICIA GILMORE, MS,
RD, CSO LD; SUSAN MARSHALL, MS, RD,
CSPCC, CNSC; EMILY MCDERMOTT, RD,
CSP; SEAN PALADINI, MS, CSR; VERONIQUE

PETTITT, RD, CSR; JULIE SCHWARTZ, MS,
RDN, LD, CSOWM, CHWC; LEA STEINER,
MS, RD, CSG; GABRIEL STAUB MS, RD,
CSSD; VALAREE WILLIAMS, MS, RD, CSO,
LDN, CNSC, FAND

Headquarters Partners: KIMBERLY S. WHITE,
RD; JESSICA RAPEY-WARD, RD

Obesity Certificate Program
Advisory Group

Chair: BONNIE S TAMIS JORTBERG, PHD, RD,
CDCES

Lead Moderator: KELLENE A. ISOM, PHD, RD,
LDN

Group Members: MAUREEN E BRUNS, MS,
RD, PA-C; COLLEEN DAWKINS, FNP-C, RD,
CSOWM; DANA E. GERSTEIN, MPH, RD;
JILLIAN L HYTTENHOVE, MA, RD, CSOWM,
LD, CHES; ERIN E POVER, MS, RD,
CSOWM, LDN; MAREN M. WOLFF, PHD,
RDN, LD; LINDSEY YARBROUGH, MS, RD,
CSP, LDN

Headquarters Partner: SHARON M.
MCCAULEY, MS, MBA, RDN, LDN, FADA,
FAND; SAMANTHA LOVE, MS, RDN
Research and Funding Review
Committee

Chair: Christina Rollins, MBA, MS, RDN,
LDN, FAND, CNSC

Committee Members: ANNE COLTMAN, MS,
RDN, FAND, CLSSBB; ROSA HAND, PHD,
RDN, LD, FAND; SARAH J PETERSON, PHD
RD; TERESE SCOLLARD, MBA, RDN, LD,
FAND
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Headquarters Partners: SHARON M.
MCCAULEY, MS, MBA, RDN, LDN, FADA,
FAND; KAY MANGER-HAGUE, RD

ACADEMY OF NUTRITION AND
DIETETICS FOUNDATION
Board of Directors

BECKY DORNER, RDN, LD, FAND; Chair
HOPE S. WARSHAW, MMSC, RD, CDCES, BC-

ADM, FADCES; Chair-Elect
MARGARET P GARNER, MS, RDN, LD, FAND,

CIC; Past-Chair
JENNIFER NGUYEN, RDN; Secretary
ELLEN SHANLEY, MBA, RDN, CDN, FAND;

Academy of Nutrition and Dietetics
President-Elect

HARLIVLEEN GILL, MBA, RDN, LDN; Financial
Officer

MARY LEE CHIN, MS, RD; Director
MARCIA KYLE RDN, CDCES, LD, FAND;

Director
SUSAN LARAMEE, MS, RDN, FADA, FAND;

Director
CYNTHIA WOLFRAM, RDN, LD; Director
LAURENCE LANGHOLZ, JD, MBA; Public

Member
SYLVIA ROWE, MA; Public Member
SAMANTHA RONGSTAD, RDN, LD; Student

Member
PATRICIA M. BABJAK, MLIS (Ex-Officio);

Academy of Nutrition and Dietetics and
Foundation Chief Executive Officer
Academy of Nutrition and
Dietetics Foundation Scholarship
Review Committee

*Chair: DOROTHY CHEN-MAYNARD, PHD, RDN,
FAND

ALLISON THIRION BLASIUS, MPH, RD, LD, FAND
Alma D. Lebrato, MS, RDN
Alyce M. Thomas, RDN, FAND
Andrea Altice, MS, RDN, LDN
Anne Coltman, MSHA, MS, RDN, FAND
April J. Stull, PhD, RDN, FAND
Barbara Gordon, EdD, RDN, FAND
Basheerah Enahora, PhD, MBA, RDN, LDN
Becky Sulik, RDN, LD, CDCES
Caroline Susie, RD, LD
Constance Brown-Riggs, MSEd, RDN,

CDCES, CDN
Deanne Brandstetter, MBA, RDN, CDN,

FAND
Deborah Cohen, DCN, RDN
Denise D. Sichler, MA, RD, LDN, PMP
Egondu M. Onuoha, MS, RDN, CDN, FAND
Elaine M. Long, PhD, RDN, LD, FAND
Emily Vaterlaus Patten, PhD, RDN
Erica Howes, MS, MPH, RDN
Jamie S. Stang, PhD, MPH, RDN
Jana K. Ponce, PhD, MS, RDN
JoAnna Cupp, MS, RDN, LD
TION AND DIETETICS
Jonathan Valdez MBA, RDN, CDN, CCM,
CDCES, ACE-CPT

Kaitlyn Eisenberg, MS, RDN, LDN, CNSC
Kathryn Keifer Hamilton, MA, RDN, CSO,

CDN, FAND
Keiy Murofushi, MS, RDN
Laurel Jakubowski, MS, RDN
Lori Beccarelli, PhD, RDN
Lori Greene, MS, RDN, LDN
Luciana Soares, DCN, RDN, LDN
Manju Karkare, MS, RDN, LDN, CLT, FAND
Melissa A. Masters, PhD, RDN
Nancy J. Emenaker, PhD, RDN, LD, FAND
Nicole M. Moore, MS, RDN-AP, LD
Reyna Franco, MS, MBA, RDN, CSSD, FAND
Roniece A. Weaver, MS, RD, LD
Ruth E. Johnston, MS, RD, LD, FAND
Susan Edgar Helm, PhD, RDN, FAND
Sylvia Moore, PhD, RDN, FAND
Tanya M. Halliday, PhD, RD
Taylor Young, MS, RDN
Terese Scollard, MBA, RDN, LD, FAND
Traci Grgich, MS, RD, CP-FS, SNS, FAND
William Z. Brown, RDN
Wintana Kiros, RDN, LDN
Wynnifred Hoodis, MS, RDN, LD
Headquarters Partners: Nicci Brown, MS,

RDN, Senior Program Manager; Elisha
Reichling, MS, RDN, LDN, Program
Manager, Foundation
Foundation Affiliate Fundraising
Chairs

SUSAN E. ADAMS, MS, RD, LDN, FAND
STELLA BELLA, MMC, MSND, BS, CDCES
ADRIAN SOO BOULTER, MS, RDN, LDN
Maureen H.G. Brown, LD
Rashel Lee Clark, MS, RD
Heather R. Comstock, MS, RD, LMNT,

FAND
Suzanne C. Cryst, RDN, LD
Hannah Catherine Green, MS, RD
Elizabeth L. Hall, PhD, MS, RDN, LDN
Heather Healy, RDN
Kira P. Heartwick, MS, RDN, CSSD, CNSC
Melissa A. Hughey, MS, RD, LD, CNSC
Sandra L. Jablonka, RD
Haley Whiteman LeBarron, MSC, RD, LDN,

CLC
Caitlyn Marie Liptak King, MS, RD
Constance Locher-Bussard, LDN
McKenzie Mayor, RDN, LD
Awilda Ortiz, MPH
Emily M. Parent, MFCS, RD, FAND
Claudia C. Rivero, MSFN, RDN
Cynthia A. Rutkowski, MA, RDN, FADA,

FAND
Alice B. Sekhar, MS, CD
Kristen N. Smith, MS, RD
Molly Marissa Urias, MS, RDN, LN
Darby Wray Wallace, MS, RDN
Crystal J. Wilson, MS, RDN, LD, EDS, FAND
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FROM THE ACADEMY
Fellows of the Academy of Nutrition and Dietetics,
2021-2022

T
HE ACADEMY OF NUTRITION AND DIETETICS WELCOMES FELLOWS CONFERRED BETWEEN JUNE 1, 2021, AND MAY 31,
2022. This designation recognizes Academy members who have distinguished themselves among their colleagues, as
well as in their communities, by their service to the nutrition and dietetics profession and by optimizing health through
food and nutrition.
Congratulations to all Fellows for representing member excellence at the highest level.
MELINDA ANDERSON, PhD, RDN, LDN, FAND
YEN ANG, DrPH, MPH, MS, RD, FAND
DYLAN A. BAILEY, MS, RD, FAND
STACI M. BETTIKER, MS, RDN, LDN, FAND
ELIZABETH BOBO, MS, RD, LDN, CNSC, FAND
LESLIE J. BONCI, MPH, RD, CSSD, LDN, FAND
DONNA O. BURNETT, PhD, MEd, RD, FAND
ANISHA CHHIBBER, MS, RDN, CNSC, FAND
JOANNA L. CUPP, DHSc, MS, RDN, LD, FAND
KATHLEEN S. DIXON, MEd, RD, FAND
ROBYN DOUGLAS SCHOLAR, MPP, RDN, SNS,

FAND
ROBERT L. DUFFELL-HOFFMAN, MS, RD, LD,

FAND
JAMIE C. EPTING, MS, RDN, CDN, FAND
ALEXANDRA E. FREIMAN, RD, CSG, FAND
KAREN E. FROM, MSFN, RD, LD, FAND
ANDREW D. FRUGÉ, PhD, MBA, RD,
FAND

LAURA A. GOLLINS, MBA, RDN, LD, CNSC,
FAND

MARY KAY HENSLEY, MS, RDN, LD, FAND
AMY E. JONES, DCN, RDN, FAND
KERRI L. KNIPPEN, PhD, MPH, RD, LD,

BCADM, FAND
ERIN M. MCKINLEY, PhD, RD, LDN, CLC,

CHES, FAND
VALERIE J. MUEHLEMAN, MS, RDN, LDN,

CDCES, FAND
DOREEN A. OSBOURNE, MA, RD, LD, FAND
MARIA K. PLANT, DCN, RD, CNSC, FAND
ASHLEY F. POWELL, PhD, RD, SNS, FAND
PETER PRIBIS, DrPH, MD, RDN, FAND
NINA G. ROCCA, MS, RDN, LDN, FAND
OURNAL OF THE ACAD
MATEJA R. SAVOIE-ROSKOS, PhD, MPH, RD,
FAND

ERIN M. SCHMIDT, RD, CSO, FAND
MICHELLE C. SINGLETON, MS, RD, LD, FAND
MICHELLE J. SUMMAR, MSEd, RD, LD, FAND
KRISTI D. THAETE, MS, RD, CSP, LD, FAND
ALLISON J. THIRION, MPH, RD, LD, FAND
JILLIAN C. TRABULSI, PhD, RD, FAND
KATHRYN L. TUCKER, MS, RD, LD, FAND
LESLIE T. VAN HORN, MS, RD, LDN, FAND
CRYSTAL VASQUEZ, MS, RD, CNSC, FAND
RACHEL D. VILLARREAL, MS, RDN, LDN,

CDCES, FAND
JILLIAN A. WANIK, DCN, RDN, CSSD, CDN,

FAND
JADA L. WILLIS, PhD, RDN, LD, FAND
EDITH YANG, RD, CSR, CLT, FAND
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Emerging Dietetic Leader Awards, 2022

T
HEACADEMY OF NUTRITION AND DIETETICS JOINSWITH ITS AFFILIATES FROM 50 STATES, THE DISTRICT OF COLUMBIA,
Puerto Rico, and the International Affiliate of the Academy of Nutrition and Dietetics to honor the recipients of the
Emerging Dietetics Leader Award. This award recognizes the competence and activities of members, regardless of their
age, who are at the beginning of their dietetics careers. Academy members receiving this honor have supported the

promotion of optimal health and nutritional status of the public through leadership in legislation, research, education, man-
agement, and other areas related to the profession. Award recipients were selected by the affiliate dietetic associations. Affiliates are
responsible for selection of award recipients and may choose not to participate in the award process.
Alabama—REBEKAH A. DEWITT, MS, RD, LD
Alaska—LESLIE REDMOND, PHD, MS, RDN,

LD
Arizona—TARA LOVINGER, MS, RD
California—TIFFANY HOLT, MS, RD
Colorado—LEISA ARFT, RDN, LD, UZIT
Georgia—COURTNEY VICKERY, MS, RD, LD
Hawaii—STACEY LEILANI BRESHEARS, MS, RD,

LD, CDCES
Idaho—CALLIE V. MILLER, MHS, RD, LD,

ACE-CPT, ACE-CGFI
Illinois—JESSICA A. MOEHLING, MS, RDN,

CNSE, LDN
International—KARLA PADRELANAN, RD, RDN,
CSG, CNSC

Maryland—TERESA L TURNER, MS, RD, LDN,
SNS, FAND

Minnesota—SYDNEY BEXELL, RD, LD
Mississippi—ELLEN OSSORIO, MS, RD, LD
Montana—KELSEY TANNER, RDN
Nebraska—AMANDA MARGIOTTA, MS, RDN,

LMNT
Nevada—SHEENA SKELTON, RDN, LD
New Hampshire—ANN PETERSSON, RDN, LD
New Mexico—MARGARITA COZZAN, MSH, RD,

CSCS, ACE-CHC, LMT
ª 2
Ohio—ALISON RUFFIN, MHA, RDN, LD,
CLC

Pennsylvania—VICTORIA KUEBLER, MS, RDN,
LDN

South Dakota—KATHERINE THOMSEN, RD
Texas—CRYSTAL VASQUEZ, MS, RD, LD, CNSC,

FAND
Utah—KAYLA JESSOP, RDN, CDN, CEDRD-S
Virginia—BRITTANY WHEATLEY, RD, LDN
Washington State—LESLIE WEIDNER, RDN
West Virginia—REBECCA DATTOLA, MS, RD,

LD
Wisconsin—ERICA HAIGHT, MS, RD, CD
022 by the Academy of Nutrition and Dietetics.
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FROM THE ACADEMY
Outstanding Dietitians of the Year, 2022

T
HEACADEMY OF NUTRITION AND DIETETICS JOINSWITH ITS AFFILIATES FROM 50 STATES, THE DISTRICT OF COLUMBIA,
Puerto Rico, and the International Affiliate of the Academy of Nutrition and Dietetics to honor the recipients of the
affiliates’ Outstanding Dietitian of the Year Award. These members have made distinguished contributions to advancing
the profession. Award recipients were selected by the affiliate dietetic associations. Affiliates are responsible for selection of

award recipients and may choose not to participate in the award process.
Alabama—KAREN B. JOHNSON, RD, LD
Alaska—AMY URBANUS, MS, RDN, LD, CDE
Arizona—ANGELA GOMEZ, RD, SNS
Arkansas—STEPHANIE JONES, MPH, RD, LD,

CHES, CPT
California—CINDY L. SWANN, MS, RD, CDCES
Colorado—DIANE METTLER, RD
Delaware—ANGELA JACKSON, MBA, RDN,

LDN, SNS
Georgia—TAMARA MELTON, MS, RDN, LD
HAWAII—STACY L. HAUMEA, DRBH, MPH, RDN,

LD, CDCES
Idaho—ERIN L. GREEN, MS, RDN
Illinois—JULIE A. PATTERSON, PHD, MBA, RDN,

LDN
Indiana—AMY CARTER, RDN, LD
International—JAIME WISE, RDN
Iowa—MAREN M. WOLFF, PHD, RDN, LD
Kansas—ALMAZ G. RUFAEL MS, RDN, LD, CNSC
Kentucky—LIZ CHOATE, RD, LD
Louisiana—KATHRYN FAKIER, PHD, RDN, LDN
Maine—SHARON TATE, MS, RD, LD
Maryland—SONJA C. SIMZAK, MS-MPH, RD,

LDN
Massachusetts—KELLY A. KANE, MS, RD,

LDN, CNSC
Mississippi—HEATHER WHITE, MS, RD, LD
Missouri—YALAKA HUYETTE, MS, RDN, LDN,

CPT
Montana—MATTHEW LARSEN, RDN
Nebraska—JENNIFER DUNAVAN, MS, RDN,

LMNT
Nevada—DAVID E. ST-JULES, PHD, RDN
New Hampshire—JESSICA A. MCSHEFFREY,

MBA, RDN, LD
New Jersey—CHRISTINA FRESCKI, MBA, RD,

FAND
New Mexico—RACHEL LEUNG, MS, RD
New York—REYNA FRANCO, MS, RDN, CSSD,

FAND, DIPACLM
North Dakota—BRI SRNSKY, RD, LRD,

CEDRD-S
OURNAL OF THE ACAD
Ohio—CANDICE JONES, MED, RD, LD, CDCES,
FAND

Oklahoma—TERESA D. JACKSON, MS, RDN, LD
Oregon—WHITNEY ELLERSICK, MS, RD
Pennsylvania—SUSAN ADAMS MS, RD, LDN,

FAND
Rico—AIMEE MALDONADO, RDN
South Carolina—REBECCA FULLER, RD-AP, LD,

CNSC
South Dakota—ANDREA KRUSE, MS, RDN,

LN
Tennessee—MARILYN HOLMES, MS, RDN,

LDN
Texas—SHELLEY FILLIPP, MS, RDN, LD
Utah—ELLEN LECHTENBERG, MPH, RDN,

IBCLC
Vermont—CATHERINE MCISAAC, MS, RD, CD
Virginia—NANCY FARRELL, RDN
Washington—MICHELLE HAGAN, MS, RDN,

CD
Wisconsin—TRACEY ELMES, MS, RD
EMY OF NUTRITION AND DIETETICS 1779

https://doi.org/10.1016/j.jand.2022.06.024


FROM THE ACADEMY
https://doi.org/10.1016/j.jand.2022.06.023

1780 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
Recognized Dietetic Technicians of the Year, 2022

T
HEACADEMY OF NUTRITION AND DIETETICS JOINSWITH ITS AFFILIATES FROM 50 STATES, THE DISTRICT OF COLUMBIA,
Puerto Rico, and the International Affiliate of the Academy of Nutrition and Dietetics to recognize the professional
contributions of dietetic technicians and encourages their continued participation in the community and Academy
activities. They have demonstrated leadership qualities and performance in the Academy or employment through

education, clinical nutrition, foodservice management, public relations, career guidance, and legislation. Award recipients were
selected by the affiliate dietetic associations. Affiliates are responsible for selection of award recipients and may choose not to
participate in the award process.
Arizona—ASHLEY SNEDDON, DTR
Georgia—AMANDA LAUREN KENNEDY, MS,

NDTR, CLC
Nebraska—REBECCA CARLIN, NDTR
Nevada—DEBORAH JOAKIMSON, MS, NDTR
ª 2
Oklahoma—SZOFIA A. NICKELL, MS, DTR
022 by the Academy of Nutrition and Dietetics.
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Outstanding Dietetics Educator Awards, 2022

T
HE OUTSTANDING DIETETICS EDUCATOR AWARD RECOGNIZES THE TEACHING, MENTORING, AND LEADERSHIP AC-
tivities of faculty and preceptors in dietetics education programs that are accredited by the Accreditation Council for
Education in Nutrition and Dietetics. The selection of awardees is determined by the Nutrition and Dietetic Educators and
Preceptors Group.
WEST CENTRAL REGION
Didactic Program in Dietetics: Kathryn

Coakley, PhD, RDN, LD; University of
New Mexico, Albuquerque, NM

Future Education Model Graduate
Program (GP): Nicole Tramp, MS, RD,
LD, CDCES; Iowa State University,
Ames, IA

WEST COAST REGION
Coordinated Program in Dietetics: Jill

Henderson, MPH, RD, CD; Utah State
University; Logan, UT

Didactic Program in Dietetics: Urvashi
Mulasi, PhD, RDN, California State
University, Sacramento, CA

Dietetic Internship Program: Nikki
Kendrick, MDA, RDN, CNSC; Utah State
University, Taylorsville, UT

Future Education Model Graduate Program
(GP): Linda Gray, MPH, RDN; University
of the Pacific; Sacramento, CA

NORTH CENTRAL REGION
Coordinated Program in Dietetics: Dana

Scheunemann, PhD, MS, RD, CD; Mount
Mary University; Milwaukee, WI
Didactic Program in Dietetics: Rosa Hand,
PhD, RDN, LD, FAND; Case Western
Reserve University, Cleveland, OH

Dietetic Internship Program: Gina Bayless,
MS, RDN, LD; University Hospitals
Cleveland Medical Center, Cleveland, OH

Future Education Model Program
Graduate Program (GP): Lauren
Roberson, PhD, MS, RD, LD; Murray
State University; Murray, KY
SOUTH CENTRAL REGION
Didactic Program in Dietetics: Erin

McKinley, PhD, RD, LDN, CLC, CHES;
Louisiana State University, Baton
Rouge, LA

Dietetic Internship Program: Sunitha
Zechariah, PhD, RDN, LD, CNSC;
Morrison Healthcare Dietetic
Internship; Sandy Springs, GA
NORTH EAST REGION
Coordinated Program in Dietetics: Jillian

Wanik, DCN, RDN, CSSD, CDN, CNSC;
University of Connecticut, Storrs, CT
OURNAL OF THE ACAD
Didactic Program in Dietetics: Kay Stearns
Bruening, PhD, RDN, FAND; Syracuse
University, Syracuse, NY

Dietetic Internship Program: Ann
Gaba, EdD, RD, CDCES, CDN, FAND;
CUNY Graduate School of Public
Health Dietetic Internship, New York,
NY

Future Education Model Program
Graduate Program (GP): Jennifer
Bridenbaugh, MS, RD, CNSC; Rutgers
University-School of Health
Professions, Newark, NJ

SOUTH EAST REGION
Coordinated Program in Dietetics:

Karen Harouse-Bell, MS, RDN, LDN,
CDCES; Seton Hill University;
Greensburg, PA

Didactic Program in Dietetics: Jenifer
Ross, DCN, RD, LD/N, FAND;
University of North Florida;
Jacksonville, FL

Future Education Model Program
Graduate Program (GP): Denise
Lawson, MS, RD; The Pennsylvania
State University; University Park, PA
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Outstanding Dietetics Student Awards, 2022

T
HEACADEMY OF NUTRITION AND DIETETICS JOINSWITH ITS AFFILIATES FROM 50 STATES, THE DISTRICT OF COLUMBIA,
Puerto Rico, and the International Affiliate of the Academy of Nutrition and Dietetics to recognize the Outstanding
Dietetics Student Award winners. This award recognizing the emerging leadership and achievement of students in
dietetics education programs that are accredited by the Accreditation Council for Education in Nutrition and Dietetics.

States may select 1 student recipient from each type of education program: Didactic Program in Dietetics, Dietetic Internship,
Coordinated Program, and Dietetic Technician Program. Award recipients were selected by the affiliate dietetic associations.
Affiliates are responsible for selection of award recipients and may choose not to participate in the award process.
Alabama—MORGAN ABERCROMBIE
Alabama—MARY KATHERINE BRADLEY
Alabama—KENDALL WALDROP
Alaska—KATHY NUNEZ
Alaska—CARISSA KIEFER
Alaska—ALYSSA LENIG
Arizona—LILY MCNAIR
Arizona—TISHA CASTILLO, MCHWC
Arizona—MEGAN LYNN
Arkansas—LATINA ROBINSON
Arkansas—ANNA LEHIGH
California—AHMICQUI BRIBIESCAS-PAGE
California—DAISY MERCER
California—SARA CATALINA CARRILLO
Colorado—NICOLETTE THOMPSON
Colorado—ALEXIS GUTTILLA, MPH
Connecticut—AMY E. CORCORAN
Connecticut—MAYA A. GIBSON
Connecticut—EVA M. QUIGLEY
Connecticut—JANTHINA T. CONNELLY
Delaware—LEE ANN KESSLER
Delaware—SARAH RUSSEL
Delaware—LAUREN ORDEMANN
DC Metro—KIMBERLY GARDNER
DC Metro—MAGAN ESTER
Georgia—ALANA AHRENS
Georgia—MELANIE NG
Georgia—EMMALINE PETERSON
Hawaii—ERIN L. PENDER
Hawaii—LENA AZAMA, DTR
Idaho—BIN LIANG
Idaho—KIRSTEN R. PFANNMULLER, MS
Idaho—SHALISSA TOMKINSON
Illinois—TAYLOR HOEG
Illinois—ELIZABETH C. GUTIERREZ
Illinois—ZAINAB ALZOUBI
Indiana—DUODAN “JORDAN” CHEN
Indiana—KATIE CRAWFORD
Indiana—KAITLYN PETROW
International—MARISE ABBOUD, LD
Iowa—JENNESSA J. SHARRATT
Iowa—GRACE M. CAREY
Kentucky—CASSANDRA BLANDFORD
Kentucky—ALLISON COOK
Louisiana—ALEXIS THERIOT
Maryland—SARA KUSHNER
Maryland—EMILY HILLIG
Massachusetts—MICHAEL DUFFY
Massachusetts—PHOEBE ZHOU
Michigan—MARIA DINH
Michigan—KATHERINE EGAN
Mississippi—SARAH VAN SCHAIK
Mississippi—MERCEDES BABIN
Missouri—SAMANTHA TRACEY, MS
Missouri—MEGHAN MCGAW
Montana—ALLISON LAROCK
Montana—MADISON KNODEL
Nebraska—SARAH DUVALL
Nevada—ASHLEY BERMUDEZ
Nevada—SHAUNA TAVCAR
New Hampshire—NICOLE CULLIGAN
New Jersey—LYNDSAY GREGA
New Jersey—CASSANDRA LEPORE
New Jersey—BRITTANY DORAN
New Jersey—LAUREN CROSTA
New Mexico—HANNAH PANGALLO
New Mexico—BEAU W. HERRINGTON
New York—REBECCA GAROFANO
ª 2
North Dakota—LINDSEY ENGLISH
Ohio—DANA HUBSCHER
Ohio—JESSICA CASTLE
Ohio—NATALIE NIESCHWITZ
Oklahoma—TAYLOR PEABODY
Oklahoma—ISABELLE POSEY
Oregon—MEGHAN MCNAIRN
Oregon—HANNAH DOWNING
Pennsylvania—AMBREEN IMRAN
Puerto Rico—SHARLENE FIGUEROA
Puerto Rico—ANDREA DE ARCE
Puerto Rico—MIREDYS SANCHEZ
South Carolina—MACKENZIE HARRELL
South Carolina—EDEN CRAIN
South Dakota—ADDISON REIMER
Tennessee—MIRIAM BOUTTE
Texas—MADDIE JACOBS
Texas—CLAIRE COLLINS
Texas—RUTH SCEGO
Texas—MARIA I. DA SILVA SUAREZ
Texas—JACQUELINE GUADALUPE ACOSTA
Utah—SARA A. SALTZGIVER
Utah—ASA T. HUMPHERYS
Utah—MADELINE A. PETERSON
Vermont—REILLY DONAHUE
Virginia—EMILY JENKINS
Washington—KAITLIN SANDBERG
Washington—CASSANDRA PACHECO
Washington—LORIANNE LAVOIE
West Virginia—ISABEL JUDWARE
Wisconsin—ANNA STONE
Wisconsin—MARGARET TOLLEY
Wisconsin—BROOKELYN HEISS
Wisconsin—STEFANY VELDHUIZEN
022 by the Academy of Nutrition and Dietetics.
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Recognized Young Dietitians of the Year, 2022

T
HEACADEMY OF NUTRITION AND DIETETICS JOINSWITH ITS AFFILIATES FROM 50 STATES, THE DISTRICT OF COLUMBIA,
Puerto Rico, and the International Affiliate of the Academy of Nutrition and Dietetics to salute the Academy members
selected as Recognized Young Dietitians of the Year. Members receiving this honor are 35 years of age or younger and
have demonstrated leadership qualities and performance in legislation, research, public relations, education, commu-

nity outreach, management, and other areas related to the profession. Their contributions on the job and in the community have
merited this recognition. Award recipients were selected by the affiliate dietetic associations. Affiliates are responsible for selection of
award recipients and may choose not to participate in the award process.
Alabama—MELISSA A. HUGHEY, MS, RD, LD,
CNSC

Alaska—SETH ANDERSON, MSCN, RD, LD
Arizona—MORGAN ROBBINS, RDN
Arizona—KELLI RICHARDSON, RDN
Arkansas—NATHAN SLINKARD, MS, RD, LD
California—MATTHEW J. LANDRY, PHD, RDN
California—JACQUELINE ANN BURKE, RD
Colorado—ALYSSA THOMAS, MPH, RDN, CLC
Colorado—KRISTEN ARNOLD, MS, RDN, CSSD
Connecticut—ASHLEY E. CARL, RD, CD-N
Delaware—BRITTANY KNICK, MS, RDN, LDN,

LDN
Georgia—STACI BELCHER MS, RDN, LDN, RYT
Georgia—EVAN BURROWES RD, LD
Hawaii—KATHRYN CHRYSTNE SEATON, RD
Idaho—AMY K. JAMES, MS, RDN, LD
Illinois—GRACE E. HENSOLD, RDN, LDN
Illinois—MELANEY A. VAN SPANKEREN, RDN,

LDN
Illinois—JENNIFER L. BURTON, MS, RDN, LDN
Louisiana—BRITTANY HAWKINS, MS, RD, LDN
Maine—SARAH GILBERT, MS, RDN, LD
Maryland—PATRICK DUNN, MPH, RD, LDN
Michigan—SAMANTHA WALKER, RDN
Minnesota—LEVI TEIGEN, PHD, RD
Mississippi—VALERIE WEIVODA, MS, RD, LD,

SNS
Missouri—ISABELLA BOUCHARD, MS, RDN,

LDN, CPT
Missouri—KRISTY TAYLOR, MS, RDN, LD
Montana—BRITTANY MOATS, RDN
Nebraska—MARCOS RAMIREZ, RDN, LMNT
Nevada—MCKENZIE MAYOR, RDN, LD
New Hampshire—ERIKA BEHRMANN, RD, LD
New Jersey—SARAH FINE, MS, RDN, LDN,

CSG
New Mexico—RANIER V. CASTILLO, MS, RD
New York—JENNIFER NGUYEN, MS, RDN,

CDN, NASM-CPT
North Dakota—SIERRA KOLLE, RD, LRD
Ohio—CAROLINE BERNING, MS, RDN, LD
OURNAL OF THE ACAD
Ohio—REBECCA LEVIN, MS, RDN, LD
Oklahoma—KRYSTAL S. DUNHAM, MS, RDN,

LD
Pennsylvania—LYNDI WIEAND, MHSC, RDN,

LDN
Puerto Rico—KAITHLYN RODRIGUEZ, RDN
South Carolina—ABBIE HEBRON, RD, CSP, LD
South Dakota—ALLISON LUTZ, RD, CDCES,

CDE, LN
Tennessee—KORI DANIEL, RD
Tennessee—HANNAH HILL, MS, RD, LD,

CNSC
Texas—WHITNEY WARMINSKI RD, CSO, LD
Texas—GUTIERREZ, MS, RD, LD
Texas—JENNIFER FISKE, MS, RDN, LD
Texas—KRISTEN RIOS, MS, RD, LD
Utah—KATIE BROWN, PHD, RDN, CSSD, CD
Vermont—ASHLEIGH COREY, RD
Virginia—RACHAEL TROTMAN, RD, CNSC
Washington—BRAJEE GREEN, MS, RDN
Wisconsin—HEATHER LORDEN, RD
EMY OF NUTRITION AND DIETETICS 1783
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ACADEMY CALENDAR

Opportunities to serve as a JAND
reviewer
The Journal of the Academy of
Nutrition and Dietetics (JAND) seeks
qualified reviewers in the nutrition
and dietetics profession with an
advanced degree (eg, PhD, MD, ScD,
DrPH, EdD, JD) who may have
published in nutrition, dietetics, or a
related field. If you are interested in
reviewing for JAND and are not yet
registered, please register in our
submission and review system
(Editorial Manager) at: www.
editorialmanager.com/jandjrl
Please complete all sections
including:
� User Information
� Personal Information
� Institution Related Information
� Areas of Interest or Expertise
It is especially important to
complete the Areas of Interest or
Expertise sections by selecting
Personal Classifications and Personal
Keywords. This information helps
the editorial staff invite reviewers for
manuscripts that are most relevant
to reviewers’ expertise and interest;
this information will also make sure
that your time is appropriately spent
in areas in which you are
comfortable.
If you are already a registered JAND
reviewer, you do not need to register
again. However, you may want to
verify or update your personal
information, classifications, and
keywords to ensure they are current
and still represent your areas of
interest and expertise. We want to
make sure that you are invited only
for articles that will be of interest to
you.

Free Professional Development
Resources for Academy Members
Select from a variety of eight free and
member-preferred priced resources
to best fit your professional
development needs with Distance
Learning at your own pace and
convenience. The Center for
Professional Development also offers
several online certificates of training
programs and webinars as well as
group and self-study options. Visit
www.eatrightpro.org/resources/
career/professional-development

Art of Dietetics
Images featured in “The Art of
Dietetics” are available for
educational use at www.jandonline.
org/content/photocontestgallery.
Want to make your own “Art of
Dietetics” contribution? Submission
details are available at
wwwjandonline.org/artofdietetics.

Deadline for submitting material for
the “People & Events” section is the
first of the month, 3 months before
the date of the issue (eg, May 1 for
the August issue). Publication of an
educational event is not an
endorsement by the Academy of the
OURNAL OF THE ACAD
event or sponsor. Send material to
journal@eatright.org
ANNOUNCEMENTS

Coronavirus Information Center
So that Journal readers have access to
breaking news and research about the
Novel Coronavirus (COVID-19 r 2019-
nCoV), we are pleased to post these
links to the following resources:

The Academy of Nutrition and Di-
etetics Coronavirus Updates and
Resources

www.eatrightpro.org/coronavirus
Elsevier’s Novel Coronavirus Center
www.elsevier.com/connect/coronavi

rus-information-center
Here, you will find expert guidance,

current travel precautions, interactive
maps, tips for clinicians, patient edu-
cation materials, and open access con-
tent from numerous other research
journals on this topic.
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Corrigendum to: Differences in Dietary
Quality by Sexual Orientation and Sex
in the United States: NHANES 2011-
2016

J Acad Nutr Diet: 2022;122(5):918-
931

In the article “Differences in Dietary
Quality by Sexual Orientation and Sex
in the United States: NHANES 2011-
2016” by Prestemon and colleagues,
there was an error in the following
sentence:

“HEI-2015 scores were calculated by
applying the National Cancer Institute
HEI-2015 scoring macro (population
ratio method) to the first day of the 24-
hour dietary recall data.66“

The HEI-2015 scores for this paper
were calculated using the simple
scoring algorithm method, not the
population ratio method. The
corrected sentence should read as
follows:

“HEI-2015 scores were calculated by
applying the simple HEI scoring algo-
rithm method to the first day of the 24-
hour dietary recall data.”

The authors regret this error

https://doi.org/10.1016/j.jand.2022.05.019
September 2022 Volume 122 Number 9

https://doi.org/10.1016/j.jand.2022.05.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jand.2022.05.019&domain=pdf
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New in Review
ABSTRACTS

BUSINESS & INDUSTRY
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Bacterial levels and diversity in kitchen
sponges and dishwashing brushes
used by consumers.
Moretro T, Ferreira VB, Moen B, et al. J Appl
Microbiol. 2022; https://doi.org/10.1111/
jam.15621.
High numbers of bacteria and pathogens
have are found on cleaning sponges and
brushes used in home kitchens, and there
is concern that these pathogens may
spread illness. Former studies have shown
that sponges were dominated by patho-
genic bacteria, but there is limited infor-
mation regarding how usage routines of
household cleaning utensils affect bacte-
rial levels and diversity. The present study
provides an overview of microbial loads
and microbiota on household cleaning
sponges and brushes. Convenience sam-
ples of sponges and brushes were
collected in Norway and Portugal. The
consumers completed a survey regarding
the cleaning history of the sponge or
brush and their household. All collected
items were weighed and visually inspec-
ted. Some sponges and brushes were
sampled immediately for total variable
counts (TVC) while others were studied
later for the survival of bacteria in storage.
Both sponges and brushes were soaked in
a solution and plated to determine bac-
terial growth and species analysis. Sam-
ples were sequenced and PCR was
performed to determine differing bacter-
iota. TVC levels of bacteria were then
divided into categories (e.g., low, medium,
and high cell counts). ANOVA was per-
formed to determine statistically signifi-
cance between cell counts of brushes and
sponges. Portuguese sponges and brushes
had higher levels of bacteria than Nor-
wegian sponges. Newer appearing
brushes and sponges and brushes cleaned
in soapy water had lower TVC levels. No
statistical significance in TVC was noted
between different brands of sponges or
brushes. In total, 14 different bacterial
strains were noted in the analysis with
differences in species between both
countries. Air drying sponges and brushes
or cleaning in chlorine were consumer
practices noted to reduce bacterial on the
cleaning tools. The results of the present
study showed that high bacterial
numbers were observed in cleaning
utensils with lower levels in cleaning
brushes than sponges. Further research is
recommended to investigate the role of
consumer cleaning practices and bacterial
contamination in the home.

CLINICAL NUTRITION

A retrospective analysis of malnutri-
tion risk, nutritional support, and out-
comes in COVID-19 patients.
Bell J, Heyer N, Greenstein A, Fragkos K, Baxter-
Derrington C, Mehta S. Clin Nutr ESPEN. 2022;
https://doi.org/10.1016/j.clnesp.2022.05.017.
COVID-19 patients requiring hospitaliza-
tion are at risk for malnutrition upon
admission as anorexia is a common
symptom. Most patients hospitalized for
COVID-19 are likely to be polymorbid
which is closely linked to malnutrition.
The present study sought to determine
the burden of nutritional risk in COVID-19
patients compared to pre-pandemic pa-
tients. Researchers aimed to correlate
nutritional risk with health outcomes and
to highlight ethnic disparities among
COVID-19 patients receiving nutritional
supplementation prescriptions while
hospitalized. The University College of
London Hospital utilized a single, digital
platform to collect clinical data of patients
>18 years admitted inpatient >24 hours
with a COVID-19 diagnosis between
February to July 2020. The control group
was comprised of adults >18 years hos-
pitalized from March to April 2019. The
Nutritional Screening Tool (NST) was uti-
lized at assess low, moderate, and high
nutritional risk of all study patients. Data
relating to supplemental nutrition (i.e.,
oral nutritional supplementation [ONS],
nasogastric feed [NGF], or parenteral
nutrition [PN]) were collected. Length of
stay, ICU admission, inpatient mortality,
and 30-day post discharge mortality were
collected for all study patients. Results
noted that the COVID-19 group was older
than the control, had more males, and
were more likely to be non-white. More
patients in the COVID-19 group were
considered nutritionally at risk and had
higher nutritional risk score upon
admission. The COVID-19 group experi-
enced significantly higher weight loss
during admission compared to control,
and mortality rates were higher among
COVID-19 patients. Overall, 38.0% of
COVID-19 patients were prescribed ONS,
10.8% NGF, and 1.7% PN. Researchers
noted lower odds of mortality for high
nutritional risk patients receiving
...............................................

OURNAL OF THE ACAD
nutritional support. Mortality was higher
in the non-white groups but was not
statistically significant (p¼0.7). This study
provided novel insights into the pre-
scription of nutritional supplementation
during the COVID-19 pandemic and that
patients with COVID-19 were at higher
risk for undernutrition than those of a
pre-pandemic control group.

COMMUNITY NUTRITION

Extending the Theory of Planned
Behavior for Explaining Dietary Qual-
ity: The Role of Financial Scarcity and
Food Insecurity Status.
Van der Velde LA, van Dijk WW, Numans ME,
Kiefte-de Jong JC. J Nutr Educ Behav. 2022;
https://doi.org/10.1016/j.jneb.2022.02.019.
Poor dietary behavior is a major contrib-
utor to chronic disease, and dietary
behavior is generally poorest among
lower socioeconomic groups. De-
terminants of unfavorable dietary
behavior among these groups remain
poorly understood, and a better under-
standing is needed to achieve healthier
dietary behaviors and reduce diet-related
disparities. The Theory of Planned
Behavior (TPB) notes that behavior is
influenced by the intention to perform
the behavior, which is influenced by
positive or negative evaluation of the
behavior, the perceived social pressure
and expectations, and the perceived con-
trol over the behavior. The current study
aims to assess whether extending the TPB
with barriers related to financial scarcity
and food insecurity between explains di-
etary quality. This cross-sectional study
was performed in December 2020 via
online questionnaires sent to Dutch resi-
dents in both urban and rural areas of the
Netherlands. Dietary intake, psychological
factors related to dietary behavior, finan-
cial scarcity, and food security, and
sociodemographics were assessed. Par-
ticipants (n¼1,033) of a lower socioeco-
nomic group were oversampled, and
generally did not perceive a subjective
norm regarding healthy eating. Partici-
pants felt confident about their ability
and intention to eat healthy, but those
with stricter financial barriers reported a
less positive attitude toward healthy
eating and fruit and vegetable consump-
tion and lower perceived behavioral con-
trol. A higher food insecurity and financial
scarcity score were associated with lower
.............................. .............................page 1792
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dietary quality. A more positive attitude
towards healthy eating and fruit and
vegetable consumption, a more negative
attitude towards snacks and fast-food
consumption, and a higher perceived
behavioral and subjective norm were
associated with higher intentions to eat
healthy. Those with lower food security
and higher financial scarcity had lower
intentions to eat healthy. This study
highlights the importance of accounting
for finance related barriers for healthy
eating to better understand dietary be-
haviors in lower socioeconomic groups.

CULINARY

Do ancient wheats contain less gluten
than modern bread wheat, in favour of
better health?
Brouns F, Geisslitz S, Guzman C, et al. Nutr Bull.
2022; https://doi.org/10.1111/nbu.12551.
In recent years, books and social media
have suggested that the consumption of
gluten in products made from types of
bread and durum wheat results in a range
of adverse reactions and could contribute
to chronic diseases, such as Celiac Disease
(CD). It has been suggested that modern
types of wheat have higher gluten contents
compared to “ancient wheats”. It has also
been claimed that the gluten present in
modernwheat is poorly digested leading to
1788 JOURNAL OF THE ACADEMY OF NUTRI
the presence of partially digested frag-
ments in the gut playing a role in the pa-
thology of CD. The present article critically
analyzes the suggestion that “ancient
wheats” contain less gluten and fewer CD-
active peptides than modern wheats. The
researchers compare claims and sugges-
tions made in social media with current
scientific evidence. Ultimately, the article
determines that many of the claims made
about “ancient wheats” being a healthier
option are false. It is noted that the term
“ancient” cannot be applied to strains of
wheat only hundreds of years old and
barely predate early plant breeding. Com-
parisons of older and modern wheats un-
der identical conditions note that older
wheats have more gluten but may not
contain certainpeptides responsible for the
strong CD genetic trigger in susceptible
persons. There are many proteins that
overlapbetweenolder andmodernwheats,
and researchers concluded that no single
wheat type can be recommended as “safer”
or “better” for reducing or mitigating CD.

EDUCATION

Training of Registered Dietitian Nutri-
tionists to Improve Culinary Skills and
Food Literacy.
McWhorter JW, LaRue DM, Almohamad M,
et al. J Nutr Educ Behav. 2022; https://doi.
org/10.1016/j.jneb.2022.04.001.
TION AND DIETETICS
Culinary medicine (CM) is an emerging
educational and nutritional approach that
incorporates hands-on preparation skills
and pleasure of food and the scientific
knowledge of how nutrition and dietary
patterns affect health outcomes. Pre-
liminary data show that CM report posi-
tive cases in healthy consumption of
foods among participants taught by pa-
tient providers, but there is a gap in the
literature involving the Registered Dieti-
tian Nutritionist (RDN) as the leader. The
purpose of this paper was to determine
the acceptability, feasibility, and potential
impact of the RDN lead CM curriculum
and training program on improving food
literacy, culinary knowledge, and skills
among RDNs. The pre-post study design
was used to evaluate the pilot testing of
the RDN-lead curriculum from September
2019 to January 2020. The curriculum
consisted of six-training sessions and
revolved around patient centered
communication, culinary skill develop-
ment, leading mock cooking sessions, and
group discussion and feedback. Partici-
pant RDNs (n¼29) were split into two
cohorts. Pre and post training surveys
were sent to participants to gather soci-
odemographic factors, perception of culi-
nary nutrition skills, communication,
process evaluation measures, and general
feedback. Overall, results of the pre-post
survey indicate that RDN participants
increased their culinary nutrition skills
September 2022 Volume 122 Number 9
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(p<0.001), reported higher self confi-
dence in teaching food literacy, improve-
ment in self-efficacy in teaching food
literacy skills and behaviors (p<0.001)
and the highest increase in scores seen in
cooking healthy with leftovers (p<0.001),
and how to cook healthy food (p<0.001).
RDNs rated the training program as
extremely useful to their practice and
expressed enjoyment and practicality in
learning/improving cooking skills, expo-
sure to new flavors and foods, and
enjoyed the variety of recipes. The pre-
sent study provides the framework and
results of implanting a culinary-based
medicine program. This practical, food-
based program provides and interactive
and engaging opportunity for communi-
cating nutrition education and concepts
to patients.

GERONTOLOGY

Cognitive function and vitamin B12
and D among community-dwelling el-
ders: A cross-sectional study.
Veloz AFV, Arias TVC, Mejia JSV, et al. Clin Nutr
ESPEN. 2022; https://doi.org/10.1016/j.
clnesp.2022.05.004.
Aging is correlated to differences in brain
activation during performance of cogni-
tive tasks, which may lead to cognitive
September 2022 Volume 122 Number 9
impairment (CI). CI is a major health
problem, and it is one of the leading
causes of disability and adverse health
consequences in older adults. Both
vitamin B12 and vitamin D are essential
nutrients, and this paper studies the as-
sociation of both vitamins and cognitive
function in community-dwelling older
adults. The present, cross sectional study
utilized the previous SABE study of
Ecuadorian older adults, used to evaluate
health status, well-being, nutrition, fam-
ily, work, and cognition. Participants of
SABE came from both rural and urban
areas of Ecuador and were stratified based
on socioeconomic status. All individuals
included in the present study had
biochemical data present for both vitamin
D and B12 status. Cognitive function was
assessed in SABE using the Mini Mental
State Examination (MMSE), where higher
scores indicate a better level of cognitive
function. Levels of vitamin B12 and D
were measured via bloodwork, and
ethnicity and socioeconomic status were
accounted for. The final sample included
1,733 older adults, 54.6% were female, and
sexes had similar ethnic distribution. Re-
searchers noted that vitamin B12 levels
were statistically significant to MMSE
scores and this relationship changed
depending on age (p¼0.007). For adults
>75 years, higher levels of vitamin B12
correlated with higher MMSE scores. For
JOURNAL OF THE ACADE
adults <75 years, levels of B12 were not
associated with MMSE scores. There was
no evidence of association between
vitamin D levels and MMSE scores
(p¼0.509). Researchers additionally noted
that cognitive function of this sample was
significantly associated with age, sex,
ethnicity, years of education, and place of
residence, but not with socioeconomic
status. The present study provides valu-
able insight regarding nutritional status
and cognitive function.
PEDIATRIC

Starting complementary feeding with
vegetables only increases vegetable
acceptance at 9 months: a randomized
controlled trial.
Rapson JP, von Hurst PR, Hetherington MM,
Mazahery H, Conlon CA. Am J Clin Nutr. 2022;
https://doi.org/10.1093/ajcn/nqac080.
Vegetables are an important part of the
diet, but many infants have low adher-
ence to eating vegetables. Reasons for
poor vegetable intake vary among infants,
but a focus on improving vegetable intake
at a young age is desirable. The present
study investigates beginning compli-
mentary feeding (CF) at 9mo with vege-
tables using a vegetable-only diet
MY OF NUTRITION AND DIETETICS 1789
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compared to those with mixed fruit and
vegetable diets. A secondary outcome
included infants’ acceptance of vegetable
only first foods. This four-week random-
ized controlled trial used an intervention
at the start of complimentary-food feed-
ings with the primary endpoint at 9
months of age. Mother-infant pairs
(n¼117) participated in the intervention
between May 2019 and May 2020 in New
Zealand. Each pair was randomly assigned
to the vegetable-only CF intervention
group or the mixed fruit-vegetable CF
control group. The target vegetables for
the study were broccoli and spinach;
these were chosen as they are often dis-
liked compared to sweet vegetables. All
foods were provided by researchers and
mothers received standardized in-
structions on preparation. Mothers
recorded the intake of the target foods the
first 4 days and the last four days of the 4-
week intervention. Mothers also video
recorded infant feedings to capture re-
flections of food acceptance, and they
complete a “liking assessment” based on
how they felt their infant accepted the
provided foods. At 9 months of age, re-
searchers collected infant anthropomet-
rics. Analysis of the average intake of the
target foods revealed a significant effect
on the interventions group (p¼0.009) and
target foods (p<0.001). In the
1790 JOURNAL OF THE ACADEMY OF NUTRI
intervention group, there was a greater
intake of broccoli and spinach, and
mother reported higher infant liking of
the target foods compared to the control
group. Additionally, videos showed a
faster rate of vegetable acceptance and
eating speed in the intervention group
compared to control. This study showed
that introducing vegetable-only first
foods rather than a fruit-vegetable com-
bination increased vegetable acceptance
at 9 months of age. Researchers note that
there may be a “window of opportunity”
for flavor learning and acceptance during
solid food introduction. These results
complement and extend current infant
feeding guidelines.

PUBLIC HEALTH

Encouraging healthier grocery pur-
chases online: A randomised controlled
trial and lessons learned.
Bunten A, Shute B, Golding SE, et al. Nutr Bull.
2022; https://doi.org/10.1111/nbu.12552.
Out environments strongly influence the
type and amount of food we eat and buy.
The visibility and accessibility of energy
dense foods in everyday environments is
an important driver of calorie-dense food
choices. Online retail environments could
TION AND DIETETICS
be adapted to support consumers making
healthier choices. This study aimed to test
whether promoting healthier versions of
foods on select grocery websites via select
banners and recipe ingredients lists could
encourage online supermarket consumers
to purchase these healthier items in place
of standard product versions. The re-
searchers hypothesized that providing
healthier intervention banners on retail
websites would lead to healthier pur-
chases by influencing behavior and
choices. They also expected the use of
pre-set recipe ingredient lists that
included healthier options would increase
purchases of healthier foods due to ten-
dency to stick to the status quo and retain
pre-selected choices. Researchers
observed significantly higher purchases of
healthier versions of some recipe foods
(spaghetti Bolognese, fajitas), but did not
see improvements in purchases regarding
yogurt and ice cream. The changes in
purchases did not always translate to
lower calories purchased, as the only
significant decrease in calories purchased
were seen in the bakery and cola type
foods. The recipe bundle banners which
allowed customers to add pre-set in-
gredients to their carts were successful at
encouraging purchases of healthier
products over standard products, sup-
porting the idea that people tend not to
September 2022 Volume 122 Number 9
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exchange default options. The findings of
this trial suggest that promoting healthier
products in online supermarkets can lead
to healthier purchases by consumers, yet
further research is needed to confirm the
effectiveness of this type of intervention.

WEIGHT MANAGEMENT

Effectiveness of a worksite lifestyle
intervention to reduce BMI among
farmworkers in California: a cluster
randomised controlled trial.
Matias SL, Riden HE, Lee DS, Bang H, Schenker
MB. Public Health Nutr. 2022; https://doi.org/
10.1017/S136898002200129X.
California produces more than half of the
fruits, nuts, and vegetables in the USA,
and these labor-intensive crops employ
more than 800,000 farmworkers, most of
which are Latino. Many Latino persons are
at higher risk for chronic disease and
obesity, and despite this knowledge,
workplace interventions targeting Latino
farmworkers’ health is lacking in the
literature. The current study was con-
ducted to expand a previous pilot study
PASOS SALUDABLES, a lifestyle interven-
tion designed to target agricultural
workers. The present study is offered on a
larger scale, in a less controlled environ-
ment with longer follow-up. This study
aimed to assess changes due to the
intervention in the primary outcome (i.e.,
BMI) and secondary outcomes (i.e., waist
September 2022 Volume 122 Number 9
circumference, hemoglobin A1c, choles-
terol, blood pressure). This study had 1:1
cluster groups with the intervention
group receiving twelve intervention ses-
sions held over worker lunch breaks at
the work site. Control groups received six
educational sessions utilizing the em-
ployer’s existing leadership trainings on
empathy, communication, and conflict
management; control sessions were also
held at the worksite during a meal break.
A total of 615 participant completed the
study. Results showed minor decreases in
BMI in the intervention group, but these
changes were not statistically significant.
Secondary outcomes again showed slight
changes in both intervention and control
groups, but no statistically significant re-
sults. The PASOS SALUDABLES study
offered at the worksite did not reduce
primary or secondary outcomes among
farmworker participants. This unique
study indicated that the efforts to engage
the Latino farmworkers in research and
investigations can succeed when research
and programing occurs at the worksite.

WELLNESS/PREVENTION
Association of water intake and hydration
status with risk of kidney stone formation
based on NHANES 2009-2012 cycles.
Wang JS, Chiang HY, Chen HL, Flores M, Navas-
Acien A, Kuo CC. Public Health Nutr. 2022;
https://doi.org/10.1017/S1368980022001033.
JOURNAL OF THE ACADE
The incidence and prevalence of kidney
stone formation (nephrolithiasis) is
increasing globally and is linked to several
chronic illness. Increasing fluid intake is
noted to aid in preventing kidney stone
formation, yet few studies have explicitly
quantified nephrolithiasis risk based on
hydration status at the population level.
The present study utilized NHANES data
from 2009-2012 to investigate the asso-
ciation between fluid intake/hydration
status and nephrolithiasis risk. Re-
searchers hypothesized that insufficient
water or fluid intake and resulting dehy-
dration is associated with a higher risk of
nephrolithiasis. Researchers examined
8,195 qualifying person’s data (i.e., mea-
surement of water and fluid intake, urine
osmolality, urine creatinine, urine output,
free water clearance, urine/blood osmo-
lality ratio) and sociodemographic vari-
ables were assessed. Primary outcome
measurement of “Have you ever had a
kidney stone?” and secondary outcomes
assessment was “How many times have
you passed a kidney stone?”. Participants
with a history of nephrolithiasis tended to
be older, were non-white, and had
obesity. Free water intake was not signif-
icant between those with or without
nephrolithiasis, and stone formers tended
to report lower plain water intake. Daily
fluid water decreased with age, and
common comorbidities (i.e., hyperten-
sion, chronic kidney disease) were related
to lower fluid intake. This large cross-
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sectional study observed that better hy-
dration was significantly associated with
lower nephrolithiasis risk. The study
verified that the recommendation of
>2.5L daily fluid intake or daily urine
output >2L daily can help prevent the
first occurrence of kidney stone forma-
tion. These findings support the evalua-
tion of plain water intake, as a tool for
nephrolithiasis prevention. The study
additionally indicating that non-
adherence to simple water and fluid
intake recommendations remains a pri-
mary barrier among stone formers.
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Sites in Review
September 2022 Sites in Review
SITES IN REVIEW

These web resources complement the
Cancer: Primary and Secondary Preven-

tion theme of the September Issue.
NATIONAL CANCER INSTITUTE e
CANCER PREVENTION OVERVIEW
(PDQ�)eHEALTH PROFESSIONAL

VERSION

https://www.cancer.gov/about-cancer/causes-prevention/
hp-prevention-overview-pdq

PDQ (Physician Data Query) is aweb-based
source of comprehensive cancer informa-
tion developed and maintained by the
National Cancer Institute (NCI). It provides
up-to-date evidence based cancer infor-
mation summaries on a broad range
of topics including cancer prevention,
screening, genetics, treatment, supportive
and palliative care as well as integrative,
complementary and alternative therapies.
Resources are developed for health pro-
fessionals and the general public with
separate resource formats available for
each group.
The NCI’s Cancer Prevention Overview

(PDQ�)eHealth Professional Version is an
online resource that offers comprehensive,
peer-reviewed, evidence-based cancer
prevention information. While it is
designed to inform and assist clinicians in
patient care, it does not provide formal
guidelines or recommendations for health
care decision-making. The Cancer Preven-
tion Overview begins with addressing the
burden of cancer. It states, based on Cancer
Facts and Figures 2022 from the American
Cancer Society, that in 2022, “an estimated
1,918,030 people will be diagnosed with
cancer in the United States, and an esti-
mated 609,360 people will die of cancer.”
Prevention as defined by the overview is
“the reduction of cancer mortality via
reduction in the incidence of cancer.”
Strategies for preventing cancer are delin-
eated including pursuing lifestyle or
dietary practices that modify cancer-
causing factors or genetic predispositions.
Risk factors are explored in the Cancer

Prevention Overview and are dichoto-
mized into risk factors causally associated
with cancer and risk/protective factors
with uncertain associations with cancer.
Risk factors reported to be causally asso-
ciated with cancer include cigarette
smoking/tobacco use, infections, radia-
tion, and immunosuppression after organ
transplantation. Risk/protective factors
reported to have uncertain associations
with cancer include diet, alcohol, physical
activity, obesity, and diabetes. In regards
to diet, the overview states, “Estimates
concerning the potential contribution of
diet to the population burden of cancer
have varied widely.” Methodical chal-
lenges encountered in the assessment of
the potential role of diet in cancer pre-
vention are described. Differences in re-
sults based on differences in study
designs are reviewed to illustrate the
complexities of the relationship between
food and nutrient intake and cancer risk
in humans. The evidence for associations
between alcohol, physical activity,
obesity, and diabetes and cancer risk is
also presented. References are provided.
CENTERS FOR DISEASE CONTROL
AND PREVENTION (CDC) e HOW
TO PREVENT CANCER OR FIND IT

EARLY

https://www.cdc.gov/cancer/dcpc/prevention/

The CDC’s Division of Cancer Prevention
and Control directs nationwide efforts
to eliminate preventable cancers and
enhance cancer survivors’ health and
quality of life. It is dedicated to supporting
all people in decreasing their cancer risk.
The CDC’s How to Prevent Cancer or Find it
Early webpage explores how cancer risk
can be lowered by making healthy choices.
Recommendations for lowering cancer

risk include having regular screening tests
to detect certain cancers such as breast,
cervical, and colorectal cancer early. Rec-
ommendations also include getting
vaccines such as the human
OURNAL OF THE ACAD
papillomavirus (HPV) vaccine to help
prevent most cervical cancers and several
other kinds of cancer and the hepatitis B
vaccine to help lower liver cancer risk.
Avoiding tobacco is recommended since
lung cancer is reported to be the leading
cause of cancer mortality and cigarette
smoking is the number one risk factor for
lung cancer. Since skin cancer is the most
common type of cancer in the United
States, taking steps to help prevent skin
cancer while outdoors such as applying
sunscreen and wearing sun-protective
clothing is emphasized.

In regards to diet, the CDC’s webpage
reports that drinking alcohol raises an in-
dividual’s risk of getting six types of can-
cer: mouth and throat, larynx, esophagus,
colon and rectum, liver, and breast (in
women). The CDC’s webpage states that
consumption of all types of alcoholic bev-
erages including red andwhite wine, beer,
and liquor are associated with higher
cancer risk. The mechanism by which
alcohol raises cancer risk is thought to be
through acetaldehyde. When alcohol is
consumed, it is broken down into acetal-
dehyde that damages DNA and prevents
repair of DNA damage. When DNA is
damaged, a cell can begin proliferating
abnormally leading to the creation of a
cancerous tumor. Evidence-based com-
munity and clinical strategies to address
excessive alcohol use are presented.

The CDC’s How to Prevent Cancer or
Find it Early webpage also reports that
being overweight or having obesity are
linked with a greater risk of developing
13 different types of cancer. These 13
types of cancer associated with over-
weight or obesity include meningioma,
adenocarcinoma of the esophagus, mul-
tiple myeloma, and cancers of the kid-
neys, uterus, ovaries, thyroid, breast
(post-menopausal women), liver, gall-
bladder, upper stomach, pancreas and
colon and rectum. Collectively these 13
types of cancer make up 40% of all can-
cer diagnosed in the U.S. each year. Being
overweight or having obesity is thought
to promote chronic inflammation and
elevated levels of insulin, insulin-like
growth factor and sex hormones that
are associated with increased cancer
risk.
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