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ABSTRACT

By 2060, the number of adults aged ≥65 y is expected to double, and the ≥85 y segment of the population is expected to triple in the United
States. US federal nutrition guidance is based on the premise that healthy diets contribute to delaying the onset and progression of many age-
related diseases and disability. Yet, little is known about the dietary intakes or nutritional needs across the older adulthood age span. This review
aims to identify community-based cohorts that collected information on dietary intake of adults ≥65 y in the United States. Thirty-two cohorts
met all inclusion criteria. We summarized information on the cohorts’ design, demographics, and diet assessment. We also identified key gaps in
the existing databases that, if filled, could enhance their utility to address certain research questions. This review serves as a valuable inventory of
cohorts that can be leveraged to answer key questions about the diet and nutritional needs of the oldest old, who represent the fastest growing
segment of the population in the United States. Adv Nutr 2022;13:1652–1668.

Statement of Significance: This review provides an overview of community-based cohorts that collected information on dietary intake
of adults aged ≥65 y in the United States and summarizes information about design, demographics, and diet assessment. Key gaps in
the existing databases are identified, that, if filled, could enhance their utility to address certain research questions and obtain more robust
evidence about the diet and nutritional needs of older adults, who represent the fastest growing segment of the US population.
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Introduction
The United States is experiencing an unprecedented de-
mographic shift toward an older population. By 2060, the
number of adults aged ≥65 y will more than double and
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will make up nearly one-quarter of the US population. The
≥85 y segment of the population is the fastest growing group
within this shift and is expected to triple in size by 2060
(1, 2).

This demographic shift is in part due to an increased
lifespan related to advances in medicine. However, a longer
lifespan is not necessarily synonymous with a longer health
span, which can be defined as the number of years that
a person is living a functional and disease-free life (3).
Many noncommunicable diseases, such as heart disease,
diabetes, chronic kidney disease, Alzheimer disease and
related dementia, cancer, and chronic lung disease, increase
dramatically with age (4). Over 85% of Americans aged ≥65
y have ≥1 chronic disease, and >63% have ≥2 (5). This
high prevalence of chronic disease coupled with the rapidly
growing numbers of older adults will create a significant
burden on the health care system (6).
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Federal nutrition guidance in the United States is based on
the premise that healthy diets contribute to delaying the onset
and progression of many age-related diseases and disability.
However, a fundamental gap in our understanding of the
role of nutrition in healthy aging is how dietary intakes
change over time across the entire lifespan. The current
Dietary Guidelines for Americans (DGAs), which provide
recommendations to help individuals consume a healthy,
nutritionally adequate diet across life stages, define older
adults as those who are ≥60 y. Except for providing estimated
calorie needs for subgroups of adults up to age 75, the
DGAs do not distinguish other dietary recommendations
for subgroups of adults aged >60 (4). The most recently
updated DGAs did not find sufficient evidence for how
dietary patterns can influence the progression of many
age-related diseases and disability, so recommendations are
not based on lowering chronic disease risk (4, 7). The
Dietary Reference Intakes (DRIs) provide recommendations
about nutrient intake for those aged >70 y, although the
empirical data are very limited for the majority of macro- and
micronutrients in this age group (8). Further, the DGAs and
the majority of DRIs are created for those who are healthy
and in a normal weight range, rather than those living with
chronic disease. The National Academies of Sciences, Engi-
neering, and Medicine have now recommended that DRIs
be evaluated for specific nutrients or other food substances
in the context of chronic disease outcomes (9). However,
chronic diseases have only been considered for setting
recommendations for a limited number of nutrients (9–11).
Evidence-based research on the role of food and nutrition
in older adults, an age group that currently can span ≥50
y, depending on the criteria used, is needed to fill research
gaps that currently limit the ability to make more specific
dietary recommendations for age-specific subgroups of older
adults.

One of the challenges in defining the nutritional needs
of older adults is the temporal relation between critical
exposure to nutrients and other dietary components and
the corresponding effect on health outcomes. Randomized
clinical trials and feeding studies are integral for understand-
ing interindividual responses to nutrients or other dietary
exposures over a finite period of time (12). However, it is
unrealistic to expect that feeding studies and clinical trials
will be conducted for all nutrients and dietary components
over every decade of age and with sufficient follow-up time
to observe the health outcomes of interest. Instead, well-
phenotyped longitudinal cohorts with data about dietary
intakes, nutritional status, and validated chronic disease out-
comes can provide a resource to begin to fill these knowledge
gaps.

This review provides a comprehensive summary of dietary
data available in longitudinal observational studies con-
ducted in the United States, which represent a resource for
research on diet, nutrition, and healthy aging using available
cohorts. We also identify key gaps in the existing databases
that, if filled, could enhance their utility to address certain
research questions.

Current Status of Knowledge
Cohort selection
We searched MEDLINE (Ovid) and PubMed to identify
studies that assessed dietary intakes within community-
based cohorts featuring older adults. The search strat-
egy (Supplemental Material—Detailed Method) combined
Medical Subject Headings (MeSH), keywords, and specific
filters to describe the following concepts:

� dietary intake and/or diet
� aging and/or older adults
� selected study designs (i.e., cohort).

Search results were limited to longitudinal observational
population-based cohorts that were conducted within the
United States and had ≥1 publication since January 1, 2006.
Inclusion criteria for cohorts were as follows: US community-
based cohorts that included ≥1 measurement of dietary in-
take and enrolled adults ≥65 y at baseline or enrolled younger
participants who were followed to ≥65 y of age. [We chose
65 y and older to be consistent with the US CDC Indicator
Definition (13).] We located individual cohorts’ websites to
obtain references from their list of publications that provided
details about participant demographics, dietary assessment,
and follow-up. For cohorts that did not have available web-
sites or publications lists, additional references were located
via PubMed and/or were previously identified by the authors.
We summarized the cohorts’ demographic characteristics
and available dietary data. Because the NHANES is currently
conducting longitudinal follow-up on previous participants
(14), we also included NHANES in our summary. We then
identified existing gaps that could be filled to enhance the
use of the identified cohorts to address unanswered questions
about dietary changes in older adulthood.

Cohort characteristics
Several observational cohorts have been established and
continue to provide valuable data to fill important knowledge
gaps about healthy aging (15). Our initial search identified
51 US-based population-based cohorts that included older
adults. Twenty were excluded due to insufficient diet data
(Supplemental Table 1). The 32 cohorts that met the inclu-
sion criteria were comprised of nearly 1 million individuals
from across the United States (Table 1). For the purposes
of this review, the Framingham Heart Study was counted as
1 study, but it is important to note that this study contains
6 unique cohorts underneath the Framingham Heart Study
umbrella. A similar approach was adopted for the Nurses’
Health Study (NHS) and Adventist Health Study, which are
now comprised of 3 separate groups, and the NHANES,
which is a program of studies designed to assess the health
and nutritional status of noninstitutionalized US citizens
(16). Thirteen NHANES cycles have been conducted to
date, beginning in 1971–1974 with NHANES I, followed by
NHANES II in 1976–1980, and NHANES III in 1988–1994.
NHANES is now conducted continuously in 2-y cycles (17,
18).
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) In addition to demographic characteristics, information

on health status, chronic disease conditions, and clinical
measures is available in nearly all cohorts. However, the data
collection methods are highly variable, ranging from self-
reported health conditions to clinic- or home visit–based
evaluations. Twenty-five cohorts continue to follow partici-
pants, although level of follow-up varies from phone calls to
more thorough in-person interviews and/or clinical exams
(Table 1). Because it is becoming increasingly important to
better understand the nutritional needs of older adults across
the age span, including the oldest old, we have summarized
the availability of dietary data in existing community-
based cohorts in the United States that include older
adults.

Participants’ characteristics
Age.
Age at enrollment ranged from 5 y (the Framingham Off-
spring) to 100 y (the Georgia Centenarians study). Follow-
up duration ranged from 5 y (Boston Puerto Rican Study)
to 66 y (Framingham Heart Study). Most of the identified
cohorts were not designed to study older adults specifically,
but were established with an overall goal of identifying
risk factors for age-related diseases and disability. In these
cohorts, the proportion of those aged ≥65 y at enrollment
ranged from 0% [Atherosclerosis in Communities (ARIC)
study, Coronary Artery Risk Development in Young Adults
(CARDIA) study, NHS, and Study of Women Across the
Nation (SWAN)] to 98% [the Rush Memory and Aging
Project (Rush MAP)] (Table 1). Adults aged >74 y were not
included in NHANES I (19) or NHANES II (20). NHANES
III subsequently oversampled adults ≥60 y (21, 22) and
there is now no upper age limit for NHANES participation.
The most recent cycle (2017 to prepandemic 2020) included
680 adults aged >80 y (23). NHANES is comprised of a
series of cross-sectional population-based surveys currently
administered in 2-y cycles (17). Although this design limits
the use of the majority of currently available NHANES data
for prospective analyses, follow-up data are available through
1992 for NHANES I participants who were 25–74 y old at
the enrollment examination (24, 25). Moreover, NHANES is
currently enrolling past participants for longitudinal follow-
up (14), so future prospective analyses ought to be feasible
using NHANES.

Sex, race, and ethnicity.
Most cohorts include men and women. Five include only
women (Iowa Women’s Health Study, NHS and NHS-
II, Women’s Health Initiative, SWAN, and the Study of
Osteoporotic Fractures), and 3 include only men [Health
Professionals’ Follow-up Study (HPFS), the Osteoporotic
Fractures in Men Study, and the Honolulu-Asia Aging Study
(HAAS)] (Table 1). Nineteen cohorts are ≥80% white and
13 are ≥20% African-American, with 1 following only
African Americans (Jackson Heart Study). Hispanic/Latinos
comprise ≥15% of 4 cohorts, with 2 exclusively follow-
ing participants of Hispanic/Latino descent [the Boston
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Puerto Rican study and the Hispanic Community Health
Study/Study of Latinos (HCHS/SOL)]. Asian Americans are
included as separate race and ethnic groups in the Fram-
ingham OMNI cohorts, HAAS, and the Multi-Ethnic Study
of Atherosclerosis (MESA). Except for the HAAS, which
was comprised of all Japanese-American men, the overall
representation of Asian Americans in the identified cohorts
is small compared with other race and ethnic groups, and
Asian Americans remain an understudied segment of the US
population. Participants in NHANES I (19) and NHANES
II (20) were ≥85% white. Mexican Americans and non-
Hispanic blacks were oversampled in NHANES III (1988–
1994) (21). Currently NHANES uses a complex, multistage,
probability sampling design to select participants represen-
tative of the civilian, noninstitutionalized US population
that includes race and ethnicity. However, some subgroups
are oversampled to enhance subgroup estimate precision
(26, 27).

Food preferences vary across race and ethnic groups. Of
the 14 cohorts with repeated measures of dietary intakes,
10 were >80% non-Hispanic white, and the majority of
reported evidence about longitudinal changes in diet intake
and quality comes from primarily white cohorts (28–31). The
ARIC, CARDIA, and SWAN studies administered repeated
dietary assessments to blacks, and MESA included a repeat
assessment in blacks, Hispanics, and Asian Americans (32–
34). In CARDIA, diet quality improved similarly in blacks
and whites (33), whereas in ARIC more improvements
were reported in blacks than whites (32). However, the
dietary follow-up in these studies did not extend into older
adulthood so changes that occur beyond 60–70 y of age
have not yet been captured. As the older adult population
becomes more racially and ethnically diverse (1, 2), it will
be important to evaluate how diet changes in different
racial and ethnic groups throughout older adulthood. In
studies that use FFQs, it is important to use culturally
appropriate FFQs, because those developed for the general
population might not fully capture diet intakes of minority
groups (35). Tucker et al. (35) adapted the National Cancer
Institute Block FFQ to use in Puerto Rican Hispanics
and Southern blacks (36, 37) and found the culturally
adapted versions performed better in these racial and ethnic
groups than the original questionnaires. Although 24-h
recalls or diet histories can be more flexible with respect to
recording intakes of diverse foods, it will be important to
incorporate nutrient data for foods consumed in racially and
ethnically diverse groups into food composition databases.
In the United States, biannual updates to the USDA Food
Data Central include ethnic foods, which will enhance the
reliability and accuracy of dietary data collected in racially
and ethnically diverse groups (38, 39). However, data derived
from the database should be interpreted in the context of
inherent limitations. For example, nutrient composition of
the same foods can vary due to growing, processing, and
preparation practices, and ongoing changes in our food
supply might not be readily incorporated into the database
(39, 40).

Dietary assessment
Frequency.
Most studies, including NHANES, evaluated diet intakes at a
single time point. Because NHANES surveys are conducted
every 2 y, NHANES is a vital resource for studying secular
trends in dietary intake, including in older adults (41, 42).
However, the cross-sectional design of NHANES precludes
its use to study intraindividual change. Including dietary
assessments in the ongoing NHANES Longitudinal Study
(14) would enhance its utility for studying within-person
dietary changes throughout adulthood. Thirteen of the
identified cohorts have ≥2 diet assessments over the cohort’s
follow-up. Several continue to evaluate dietary intakes at
regular intervals (e.g., every 1 to 4 y) (28, 29, 31, 32, 43,
44). Studies with repeated dietary assessments can provide
insight of how habitual dietary intake (31, 45, 46) and how
changes in dietary intake (47, 48) are associated with age-
related disease and disability. Currently, most of the available
data about how diet changes in adulthood are limited to
dietary data collected during middle age. Using data from
the Baltimore Longitudinal Study of Aging, Talegawkaret al.
(49) reported diet quality improved “moderately” or “greatly”
from 1978 to 2008, corresponding to the 30–59-y-old age
span. In the ARIC cohort, diet quality improved slightly but
significantly over a 6-y period (between the late 1980s and
mid-1990s). Participants were 54 ± 6 y old at baseline (32).
In MESA, Healthy Eating Index scores did not appreciably
change over 10 y of follow-up in adults from 60 to 70 y old
(34). In the CARDIA cohort, which assessed dietary intakes
3 times over 20 y (1985–1986 to 2005–2006), diet quality
improved from young adulthood to middle age (from ∼25
to 45 y of age). The improvements were attributed primarily
to age, and occurred despite reported secular trends in
decreased diet quality over that same time period (33).
Although available evidence suggests that diet quality tends
to improve with age (32, 33, 49), little is known about how
diet quality changes throughout older adulthood. This is an
important gap to fill in light of the physiological, lifestyle,
psychosocial, and environmental changes that impact what
older adults eat (50–53). These changes continue during
the older adult period, so that older adults’ food choices
can change from when they are 65 y (early old) to >80 y
(older old). It will be important to better characterize these
changes to inform the development of new, age-specific
recommendations (54). Repeated dietary recalls from co-
horts that evaluated adults in early old age can be leveraged
to address this gap (e.g., ARIC, Cardiovascular Health
Study, HPFS, MESA, and Rush MAP). In some cohorts
(e.g., CARDIA, SWAN) the follow-up duration between
the dietary assessments combined with participants’ age at
enrollment precluded the ability to examine dietary intake
changes over older adulthood. Consideration of such study
design characteristics is important when selecting cohorts
to address questions focused on diet changes during older
age. Alternatively, CARDIA, SWAN, and similarly designed
cohorts can be utilized in studies focused on how changes
in diet during younger and middle age are associated with
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health and disease in older age. Additionally, incorporating
assessments of eating behavior and food preferences into
existing cohorts would provide important insight about
how behavioral changes relate to changes in dietary intake
throughout older adulthood (52).

Assessment tools.
The FFQ was the most commonly used diet assessment tool
(Table 1), followed by the 24-h recall. Seventeen cohorts
administered a FFQ or 24-h recall at a single time point,
whereas repeat diet assessments were obtained in 13 cohorts
(Table 1). The dietary assessment component of NHANES,
known as What We Eat in America, includes multiple 24-
h recalls and a FFQ. The NHANES dietary assessment
methods, as well as their strengths, limitations, and analytical
considerations, are reviewed in detail elsewhere (16).

Dietary assessment that is largely based on self-report
presents some unique challenges in older adults (55).
Declines in cognitive and/or motor function can influence re-
sponse to dietary questionnaires. These impairments become
more prevalent in older adulthood, which can necessitate
additional diet assessment validation in this segment of the
population. The Harvard FFQ used in the NHS, NHS-II,
and HPFS was validated against 7-d diet records and using
biomarkers for a number of dietary components (56–58).
Similar validation estimates were reported for women aged
45–60 y and 61–80 y (58), and for men aged ≤70 y and >70 y
(57). Validation estimates for those aged >80 y specifically
were not reported, and because the participants in these
studies were mostly white and generally healthy, the findings
might not generalize to nonwhites or those with comorbid
conditions. Morris et al. (59) evaluated the comparative
validity of a modified version of the Harvard FFQ in a biracial
sample of community-dwelling adults aged ≥65 y and found
the validity coefficients for 15 nutrients to be similar in
blacks and whites, in 68–78-y-olds, and in those aged ≥79
y, and across tertile categories of cognitive ability scores. As
diet assessment tools are modified to complement and/or
enhance current approaches (60–62), it will be important to
ensure their validity in age-specific subgroups, including the
oldest old, and in those with comorbidities common in older
adults (5). Because the number of older adults not involved
in their own meal preparation tends to increase with age,
caretakers’ assistance helps improve accuracy.

Underreporting is a fundamental limitation of self-
reported dietary intake, and the extent of underreporting
can depend on the dietary assessment tool used, dietary
component evaluated, and participant characteristics, in-
cluding age (63, 64). There are conflicting data about whether
underreporting increases or decreases with age (63, 65–
68). Freedman et al. (63) compared energy intakes reported
using a FFQ and 24-h recalls with energy intake assessed
objectively using doubly labeled water, which measures
energy expenditure over 10–14 d and is used to measure
average daily energy intake over the same period in weight-
stable individuals. They found adults >80 y old were less
likely than 50–59-y-olds to underreport energy intake on a

FFQ than a 24-h recall (63). In a subgroup of participants
of the HCHS/SOL cohort, which is comprised of 46–74-
y-old Hispanics/Latinos residing in the United States, age
was not a significant predictor of the difference in energy
intake reported using 24-h recalls and assessed using doubly
labeled water (69). Other studies have indicated increased
underreporting with age (65, 67). However, older adults
were generally defined as ≥60 or ≥65 y old in these
studies, which makes it difficult to know how reporting
accuracy changes throughout older adulthood. These studies
also compared energy intake reported on 24-h recalls
with energy requirements calculated using age-, sex-, and
weight-based equations, which are not direct measures of
energy expenditure. Underreporting is more common in
obese adults (70), and >40% of US adults ≥60 y old are
obese (71). Conversely, undereating can also become more
common in older adults, which can be mistaken for energy
underreporting in some situations (72). Misreporting is
not limited to energy intake, and has also been reported
for certain macro- and micronutrients (58, 63, 64, 66).
Future studies focused on evaluating reporting accuracy
of specific subgroups of older adults (e.g., based on age,
BMI, race, ethnicity, present comorbidities) will allow for
accurate calibration of self-reported dietary intake data
derived from older adult populations (66). These studies
would be strengthened by the use of recovery biomarkers
or other objective indicators of dietary intake, including
metabolomics, as reference methods (73–75).

Summary and Conclusions
This review summarizes information available from longitu-
dinal observational studies of community-based adults living
in the United States that can be leveraged to answer research
questions about diet and nutrition in older adults. We also
identified limitations to the existing data that need to be
considered when leveraging these resources. Our search was
limited to US-based longitudinal studies. Several interna-
tional cohorts exist that can provide important information
about dietary intakes in older adults not living in the United
States. Although we used a systematic approach combined
with manual searching, it is possible some cohorts were
overlooked. Obtaining detailed information about how and
when diet information was collected was a challenge in some
instances, because this information was not always readily
available on studies’ websites, which could hinder future
studies that seek to leverage existing dietary data. However,
we obtained the missing information from published studies
and we have cited those references accordingly.

Although the role of diet and nutrition in preventing
or delaying the onset of age-related disease and disability
has received considerable research attention, less is known
about the dietary intakes of older adults—the segment of the
population most likely to have chronic diseases. We identified
31 cohorts that, in some capacity, evaluated dietary intakes in
community-dwelling adults across the United States and have
resources that can be leveraged to determine formal estimates
of how diet changes throughout older adulthood. This might
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require incorporation of new dietary questionnaires with
additional validation in subgroups of older adults. Most of
the identified cohorts have collected and continue to collect
detailed information about participants’ health and disease
status. Their data access and resource sharing policies are
provided on the studies’ websites (included in Table 1).
Incorporating dietary data collection into future follow-up
visits represents a cost- and time- efficient strategy to fill
research gaps about the diet in older adulthood, instead of
establishing new cohorts focused on diet whose participants
would not be so well characterized in terms of comorbid
disease development and progression. Such efforts will help
provide more robust evidence needed to fill knowledge gaps
about the nutritional needs of the oldest old, who represent
the fastest growing segment of the population in the United
States (2).

Acknowledgments
We thank David Klurfeld for critical feedback during
preparation of this review.

The authors’ responsibilities were as follows—MKS, SLB:
were responsible for writing the manuscript; RC, AEL:
performed literature review and summaries; AVAK, PFJ,
PS: provided valuable feedback, contributed to manuscript
review and editing; and all authors: read and approved the
final manuscript.

References
1. Colby SL, Ortman JM. Projections of the size and composition

of the U.S. population: 2014 to 2060. Current Population Reports.
Washington (DC): United States Census Bureau; 2014.

2. Vespa J, Medina L, Armstrong DM. Demographic turning points for
the United States: population projections for 2020 to 2060. Current
Population Reports. Washington (DC): US Census Bureau; 2020. p.
25–1144.

3. Bloom DE, Luca DL. The global demography of aging: facts,
explanations, future. In: Piggott J, Woodland A, editors. Handbook of
the economics of population aging. Vol 1. Elsevier; 2016. p. 3–56.

4. USDA, US Department of Health and Human Services. Dietary
guidelines for Americans 2020–2025. 9th ed [Internet]. 2020 [cited
April 4, 2022]. Available from: https://www.dietaryguidelines.gov/
sites/default/files/2020-12/Dietary_Guidelines_for_Americans_
2020-2025.pdf.

5. Boersma P, Black LI, Ward BW. Prevalence of multiple chronic
conditions among US adults, 2018. Prev Chronic Dis 2020;17:E106.

6. Skinner HG, Coffey R, Jones J, Heslin KC, Moy E. The effects of
multiple chronic conditions on hospitalization costs and utilization for
ambulatory care sensitive conditions in the United States: a nationally
representative cross-sectional study. BMC Health Serv Res 2016;16:77.

7. Dietary Guidelines Advisory Committee. Scientific report of the
2020 Dietary Guidelines Advisory Committee: advisory report to the
Secretary of Agriculture and the Secretary of Health and Human
Services [Internet]. Washington (DC): USDA Agricultural Research
Services, 2020 [cited August 1, 2021]. Available from: https://www.
dietaryguidelines.gov/2020-advisory-committee-report.

8. Institute of Medicine. Dietary reference intakes: the essential guide to
nutrient requirements. Washington (DC): National Academies Press;
2006.

9. National Academies of Sciences, Engineering, and Medicine; Health
and Medicine Division; Food and Nutrition Board; Committee
on the Development of Guiding Principles for the Inclusion of
Chronic Disease Endpoints in Future Dietary Reference Intakes.

Oria MP, Kumanyika S, editors. Guiding principles for developing
dietary reference intakes based on chronic disease. Washington (DC):
National Academies Press; 2017.

10. National Academies of Sciences Engineering, and Medicine; Health
and Medicine Division; Food and Nutrition Board. Dietary reference
intakes for sodium and potassium. Washington (DC): National
Academies Press; 2019.

11. National Academies of Sciences Engineering, and Medicine; Health
and Medicine Division; Food and Nutrition Board. Dietary reference
intakes for calcium and vitamin D. Washington (DC): National
Academies Press; 2010.

12. Hall KD. Challenges of human nutrition research. Science
2020;367(6484):1298–300.

13. Dietary Guidelines Advisory Committee. Scientific report of the
2015 Dietary Guidelines Advisory Committee: advisory report
to the Secretary of Agriculture and the Secretary of Health and
Human Services [Internet]. Washington (DC): US Department
of Agriculture Agricultural Research Services; 2015 [cited August
1, 2021]. Available from: https://health.gov/our-work/nutrition-
physical-activity/dietary-guidelines/previous-dietary-guidelines/
2015/advisory-report.

14. National Center for Health Statistics. National Health and Nutrition
Examination Survey (NHANES) Longitudinal Study [Internet]. 2017
[cited August 13, 2021]. Available from: https://www.cdc.gov/nchs/
nhanes-ls/.

15. Newman AB. An overview of the design, implementation, and analyses
of longitudinal studies on aging. J Am Geriatr Soc 2010;58(Suppl
2):S287–91.

16. Ahluwalia N, Dwyer J, Terry A, Moshfegh A, Johnson C. Update
on NHANES dietary data: focus on collection, release, analytical
considerations, and uses to inform public policy. Adv Nutr
2016;7(1):121–34.

17. Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal
J. National Health and Nutrition Examination Survey: plan and
operations, 1999–2010. Vital Health Stat1 2013;(56):1–37.

18. National Center for Health Statistics. Continuous NHANES [Internet].
[cited August 13, 2021]. Available from: https://wwwn.cdc.gov/nchs/
nhanes/continuousnhanes/.

19. National Center for Health Statistics. NHANES I (1971–1974)
[Internet]. [cited August 13, 2021 ]. Available from: https://wwwn.cdc.
gov/nchs/nhanes/nhanes1/default.aspx.

20. National Center for Health Statistics. NHANES II (1976–1980)
[Internet]. [cited August 13, 2021]. Available from: https://wwwn.cdc.
gov/nchs/nhanes/nhanes2/default.aspx.

21. National Center for Health Statistics. NHANES III (1988–1994)
[Internet]. [cited August 13, 2021]. Available from: https://wwwn.cdc.
gov/nchs/nhanes/nhanes3/default.aspx.

22. Harris T, Woteki C, Briefel RR, Kleinman JC. NHANES III for older
persons: nutrition content and methodological considerations. Am J
Clin Nutr 1989;50(5):1145–9; discussion 231–5.

23. National Center for Health Statistics. NHANES 2017-March 2020 pre-
pandemic [Internet]. [cited August 13, 2021]. Available from: https:
//wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx.

24. Cox CS, Mussolino ME, Rothwell ST, Lane MA, Golden CD, Madans
JH, et al. Plan and operation of the NHANES I epidemiologic followup
study, 1992. Vital Health Stat 1 1997;(35):1–231.

25. Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri S, Myers L, et al.
Fruit and vegetable intake and risk of cardiovascular disease in US
adults: the first National Health and Nutrition Examination Survey
epidemiologic follow-up study. Am J Clin Nutr 2002;76(1):93–9.

26. Chen TC, Clark J, Riddles MK, Mohadjer LK, Fakhouri THI. National
Health and Nutrition Examination Survey, 2015–2018: sample
design and estimation procedures. Vital Health Stat 2020;2(184):
1–35.

27. Paulose-Ram R, Burt V, Broitman L, Ahluwalia N. Overview of
Asian American data collection, release, and analysis: National Health
and Nutrition Examination Survey 2011–2018. Am J Public Health
2017;107(6):916–21.

1664 Shea et al.

https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://www.dietaryguidelines.gov/2020-advisory-committee-report
https://health.gov/our-work/nutrition-physical-activity/dietary-guidelines/previous-dietary-guidelines/2015/advisory-report
https://www.cdc.gov/nchs/nhanes-ls/
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/
https://wwwn.cdc.gov/nchs/nhanes/nhanes1/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/nhanes2/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/nhanes3/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx


28. Bao Y, Bertoia ML, Lenart EB, Stampfer MJ, Willett WC, Speizer
FE, et al. Origin, methods, and evolution of the three Nurses’ Health
Studies. Am J Public Health 2016;106(9):1573–81.

29. Tsao CW, Vasan RS. Cohort profile: the Framingham Heart Study
(FHS): overview of milestones in cardiovascular epidemiology. Int J
Epidemiol 2015;44(6):1800–13.

30. Baden MY, Liu G, Satija A, Li Y, Sun Q, Fung TT, et al. Changes
in plant-based diet quality and total and cause-specific mortality.
Circulation 2019;140(12):979–91.

31. Shishtar E, Rogers GT, Blumberg JB, Au R, Jacques PF. Long-term
dietary flavonoid intake and risk of Alzheimer disease and related
dementias in the Framingham Offspring Cohort. Am J Clin Nutr
2020;112(2):343–53.

32. Xu Z, Steffen LM, Selvin E, Rebholz CM. Diet quality, change in diet
quality and risk of incident CVD and diabetes. Public Health Nutr
2020;23(2):329–38.

33. Sijtsma FP, Meyer KA, Steffen LM, Shikany JM, Van Horn L, Harnack
L, et al. Longitudinal trends in diet and effects of sex, race, and
education on dietary quality score change: the Coronary Artery Risk
Development in Young Adults study. Am J Clin Nutr 2012;95(3):580–
6.

34. Auchincloss AH, Li J, Moore KAB, Franco M, Mujahid MS, Moore LV.
Are neighborhood restaurants related to frequency of restaurant meals
and dietary quality?: prevalence and changes over time in the Multi-
Ethnic Study of Atherosclerosis. Public Health Nutr 2021;24(14):4630–
41.

35. Tucker KL, Bianchi LA, Maras J, Bermudez OI. Adaptation of a food
frequency questionnaire to assess diets of Puerto Rican and non-
Hispanic adults. Am J Epidemiol 1998;148(5):507–18.

36. Tucker KL, Maras J, Champagne C, Connell C, Goolsby S, Weber J,
et al. A regional food-frequency questionnaire for the US Mississippi
Delta. Public Health Nutr 2005;8(1):87–96.

37. Carithers TC, Talegawkar SA, Rowser ML, Henry OR, Dubbert
PM, Bogle ML, et al. Validity and calibration of food frequency
questionnaires used with African-American adults in the Jackson
Heart Study. J Am Diet Assoc 2009;109(7):1184–93.e2.

38. United States Department of Agriculture. Food data central [Internet].
2019 [cited April 4, 2022]. Available from: https://fdc.nal.usda.gov/.

39. Ahuja JK, Moshfegh AJ, Holden JM, Harris E. USDA food and nutrient
databases provide the infrastructure for food and nutrition research,
policy, and practice. J Nutr 2013;143(2):241S–9S.

40. Ng SW, Popkin BM. Monitoring foods and nutrients sold and
consumed in the United States: dynamics and challenges. J Acad Nutr
Diet 2012;112(1):41–45.e4.

41. Rehm CD, Penalvo JL, Afshin A, Mozaffarian D. Dietary intake among
US adults, 1999–2012. JAMA 2016;315(23):2542–53.

42. Wang DD, Leung CW, Li Y, Ding EL, Chiuve SE, Hu FB, et al. Trends in
dietary quality among adults in the United States, 1999 through 2010.
JAMA Intern Med 2014;174(10):1587–95.

43. Bertoia ML, Rimm EB, Mukamal KJ, Hu FB, Willett WC, Cassidy A.
Dietary flavonoid intake and weight maintenance: three prospective
cohorts of 124,086 US men and women followed for up to 24 years.
BMJ 2016;352:i17.

44. Ferrucci L. The Baltimore Longitudinal Study of Aging (BLSA): a 50-
year-long journey and plans for the future. J Gerontol A Biol Sci Med
Sci 2008;63(12):1416–19.

45. Wang D, Karvonen-Gutierrez CA, Jackson EA, Elliott MR, Appelhans
BM, Barinas-Mitchell E, et al. Western dietary pattern derived by
multiple statistical methods is prospectively associated with subclinical
carotid atherosclerosis in midlife women. J Nutr 2020;150(3):
579–91.

46. Yuan C, Chen H, Wang Y, Schneider JA, Willett WC, Morris MC.
Dietary carotenoids related to risk of incident Alzheimer dementia
(AD) and brain AD neuropathology: a community-based cohort of
older adults. Am J Clin Nutr 2021;113:200–8.

47. Chen Z, Drouin-Chartier JP, Li Y, Baden MY, Manson JE, Willett WC,
et al. Changes in plant-based diet indices and subsequent risk of type 2

diabetes in women and men: three U.S. prospective cohorts. Diabetes
Care 2021;44(3):663–71.

48. Drouin-Chartier JP, Li Y, Ardisson Korat AV, Ding M, Lamarche B,
Manson JE, et al. Changes in dairy product consumption and risk of
type 2 diabetes: results from 3 large prospective cohorts of US men and
women. Am J Clin Nutr 2019;110(5):1201–12.

49. Talegawkar SA, Jin Y, Xue QL, Tanaka T, Simonsick EM, Tucker KL,
et al. Dietary pattern trajectories in middle age and physical function
in older age. J Gerontol A Biol Sci Med Sci 2021;76(3):513–19.

50. Shlisky J, Bloom DE, Beaudreault AR, Tucker KL, Keller HH, Freund-
Levi Y, et al. Nutritional considerations for healthy aging and reduction
in age-related chronic disease. Adv Nutr 2017;8(1):17–26.

51. Brownie S. Why are elderly individuals at risk of nutritional deficiency?
Int J Nurs Pract 2006;12(2):110–18.

52. Fostinelli S, De Amicis R, Leone A, Giustizieri V, Binetti G, Bertoli
S, et al. Eating behavior in aging and dementia: the need for a
comprehensive assessment. Front Nutr 2020;7:604488.

53. Hays NP, Roberts SB. The anorexia of aging in humans. Physiol Behav
2006;88(3):257–66.

54. Hill TR, Mendonca N, Granic A, Siervo M, Jagger C, Seal CJ, et al.
What do we know about the nutritional status of the very old? Insights
from three cohorts of advanced age from the UK and New Zealand.
Proc Nutr Soc 2016;75(3):420–30.

55. Volkert D, Schrader E. Dietary assessment methods for older persons:
what is the best approach? Curr Opin Clin Nutr Metab Care
2013;16(5):534–40.

56. Hu FB, Satija A, Rimm EB, Spiegelman D, Sampson L, Rosner B,
et al. Diet assessment methods in the Nurses’ Health Studies and
contribution to evidence-based nutritional policies and guidelines. Am
J Public Health 2016;106(9):1567–72.

57. Al-Shaar L, Yuan C, Rosner B, Dean SB, Ivey KL, Clowry CM, et al.
Reproducibility and validity of a semiquantitative food frequency
questionnaire in men assessed by multiple methods. Am J Epidemiol
2021;190(6):1122–32.

58. Yuan C, Spiegelman D, Rimm EB, Rosner BA, Stampfer MJ, Barnett JB,
et al. Validity of a dietary questionnaire assessed by comparison with
multiple weighed dietary records or 24-Hour recalls. Am J Epidemiol
2017;185(7):570–84.

59. Morris MC, Tangney CC, Bienias JL, Evans DA, Wilson RS. Validity
and reproducibility of a food frequency questionnaire by cognition in
an older biracial sample. Am J Epidemiol 2003;158(12):1213–17.

60. Hu FB, Willett WC. Current and future landscape of nutritional
epidemiologic research. JAMA 2018;320(20):2073–4.

61. Conrad J, Nothlings U. Innovative approaches to estimate individual
usual dietary intake in large-scale epidemiological studies. Proc Nutr
Soc 2017;76(3):213–19.

62. Cade JE. Measuring diet in the 21st century: use of new technologies.
Proc Nutr Soc 2017;76(3):276–82.

63. Freedman LS, Commins JM, Moler JE, Arab L, Baer DJ, Kipnis V,
et al. Pooled results from 5 validation studies of dietary self-report
instruments using recovery biomarkers for energy and protein intake.
Am J Epidemiol 2014;180(2):172–88.

64. Freedman LS, Commins JM, Moler JE, Willett W, Tinker LF, Subar
AF, et al. Pooled results from 5 validation studies of dietary self-report
instruments using recovery biomarkers for potassium and sodium
intake. Am J Epidemiol 2015;181(7):473–87.

65. Murakami K, Livingstone MB. Prevalence and characteristics of
misreporting of energy intake in US adults: NHANES 2003–2012. Br J
Nutr 2015;114(8):1294–303.

66. Neuhouser ML, Tinker L, Shaw PA, Schoeller D, Bingham SA,
Horn LV, et al. Use of recovery biomarkers to calibrate nutrient
consumption self-reports in the Women’s Health Initiative. Am J
Epidemiol 2008;167(10):1247–59.

67. Gemming L, Jiang Y, Swinburn B, Utter J, Mhurchu CN. Under-
reporting remains a key limitation of self-reported dietary intake: an
analysis of the 2008/09 New Zealand Adult Nutrition Survey. Eur J Clin
Nutr 2014;68(2):259–64.

Leveraging cohort data to study older adults’ diet 1665

https://fdc.nal.usda.gov/


68. Berta Vanrullen I, Volatier JL, Bertaut A, Dufour A, Dallongeville J.
Characteristics of energy intake under-reporting in French adults. Br
J Nutr 2014;111(7):1292–302.

69. Mossavar-Rahmani Y, Shaw PA, Wong WW, Sotres-Alvarez D,
Gellman MD, Van Horn L, et al. Applying recovery biomarkers
to calibrate self-report measures of energy and protein in the
Hispanic Community Health Study/Study of Latinos. Am J Epidemiol
2015;181(12):996–1007.

70. Subar AF, Kipnis V, Troiano RP, Midthune D, Schoeller DA, Bingham
S, et al. Using intake biomarkers to evaluate the extent of dietary
misreporting in a large sample of adults: the OPEN study. Am J
Epidemiol 2003;158(1):1–13.

71. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity
and severe obesity among adults: United States, 2017–2018. NCHS
Data Brief 2020;(360):1–8.

72. Shahar DR, Yu B, Houston DK, Kritchevsky SB, Newman AB,
Sellmeyer DE, et al. Misreporting of energy intake in the elderly using
doubly labeled water to measure total energy expenditure and weight
change. J Am Coll Nutr 2010;29(1):14–24.

73. Rafiq T, Azab SM, Teo KK, Thabane L, Anand SS, Morrison KM, et al.
Nutritional metabolomics and the classification of dietary biomarker
candidates: a critical review. Adv Nutr 2021; 12(6):2333–57.

74. Playdon MC, Sampson JN, Cross AJ, Sinha R, Guertin KA, Moy KA,
et al. Comparing metabolite profiles of habitual diet in serum and
urine. Am J Clin Nutr 2016;104(3):776–89.

75. Park Y, Dodd KW, Kipnis V, Thompson FE, Potischman N, Schoeller
DA, et al. Comparison of self-reported dietary intakes from the
automated self-administered 24-h recall, 4-d food records, and food-
frequency questionnaires against recovery biomarkers. Am J Clin Nutr
2018;107(1):80–93.

76. Millen BE, Quatromoni PA. Nutritional research within the
Framingham Heart Study. J Nutr Health Aging 2001;5(3):139–
43.

77. McAlindon TE, Felson DT, Zhang Y, Hannan MT, Aliabadi
P, Weissman B, et al. Relation of dietary intake and serum
levels of vitamin D to progression of osteoarthritis of the knee
among participants in the Framingham Study. Ann Intern Med
1996;125(5):353–9.

78. McAlindon TE, Jacques P, Zhang Y, Hannan MT, Aliabadi P,
Weissman B, et al. Do antioxidant micronutrients protect against the
development and progression of knee osteoarthritis? Arthritis Rheum
1996;39(4):648–56.

79. Parekh N, Lin Y, Chan M, Juul F, Makarem N. Longitudinal
dimensions of alcohol consumption and dietary intake in the
Framingham Heart Study offspring cohort (1971–2008). Br J Nutr
2021;125:685–94.

80. Rumawas ME, Meigs JB, Dwyer JT, McKeown NM, Jacques PF.
Mediterranean-style dietary pattern, reduced risk of metabolic
syndrome traits, and incidence in the Framingham Offspring Cohort.
Am J Clin Nutr 2009;90(6):1608–14.

81. Splansky GL, Corey D, Yang Q, Atwood LD, Cupples LA, Benjamin
EJ, et al. The third generation cohort of the National Heart, Lung, and
Blood Institute’s Framingham Heart Study: design, recruitment, and
initial examination. Am J Epidemiol 2007;165(11):1328–35.

82. Mangano KM, Sahni S, Kiel DP, Tucker KL, Dufour AB, Hannan
MT. Dietary protein is associated with musculoskeletal health
independently of dietary pattern: the Framingham Third Generation
Study. Am J Clin Nutr 2017;105(3):714–22.

83. Phillips RL, Snowdon DA. Association of meat and coffee use with
cancers of the large bowel, breast, and prostate among Seventh-Day
Adventists: preliminary results. Cancer Res 1983;43(5 Suppl):2403s–
8s.

84. Kahn HA, Phillips RL, Snowdon DA, Choi W. Association between
reported diet and all-cause mortality. Twenty-one-year follow-
up on 27,530 adult Seventh-Day Adventists. Am J Epidemiol
1984;119(5):775–87.

85. Fraser GE, Sabate J, Beeson WL, Strahan TM. A possible protective
effect of nut consumption on risk of coronary heart disease.

The Adventist Health Study. Arch Intern Med 1992;152(7):
1416–24.

86. Fraser GE. Associations between diet and cancer, ischemic
heart disease, and all-cause mortality in non-Hispanic white
California Seventh-Day Adventists. Am J Clin Nutr 1999;70(3):
532s–8s.

87. Rizzo NS, Sabate J, Jaceldo-Siegl K, Fraser GE. Vegetarian dietary
patterns are associated with a lower risk of metabolic syndrome: the
Adventist Health Study 2. Diabetes Care 2011;34(5):1225–7.

88. Chan J, Jaceldo-Siegl K, Fraser GE. Serum 25-hydroxyvitamin D status
of vegetarians, partial vegetarians, and nonvegetarians: the Adventist
Health Study-2. Am J Clin Nutr 2009;89(5):1686S–92S.

89. Damayanti D, Jaceldo-Siegl K, Beeson WL, Fraser G, Oda K, Haddad
EH. Foods and supplements associated with vitamin B12 biomarkers
among vegetarian and non-vegetarian participants of the Adventist
Health Study-2 (AHS-2) calibration study. Nutrients 2018; 10(6):722.

90. Fraser GE, Jaceldo-Siegl K, Henning SM, Fan J, Knutsen SF,
Haddad EH, et al. Biomarkers of dietary intake are correlated with
corresponding measures from repeated dietary recalls and food-
frequency questionnaires in the Adventist Health Study-2. J Nutr
2016;146(3):586–94.

91. Rush TM, Kritz-Silverstein D, Laughlin GA, Fung TT, Barrett-
Connor E, McEvoy LK. Association between dietary sodium intake
and cognitive function in older adults. J Nutr Health Aging
2017;21(3):276–83.

92. Khaw KT, Barrett-Connor E. Dietary potassium and stroke-associated
mortality. A 12-year prospective population study. N Engl J Med
1987;316(5):235–40.

93. Barrett-Connor E, Criqui MH, Witztum JL, Philippi T, Zettner
A. Population-based study of glycosylated hemoglobin, lipids, and
lipoproteins in nondiabetic adults. Arteriosclerosis 1987;7(1):66–70.

94. Kant AK, Graubard BI. Secular trends in patterns of self-reported food
consumption of adult Americans: NHANES 1971–1975 to NHANES
1999–2002. Am J Clin Nutr 2006;84(5):1215–23.

95. Briefel RR. Assessment of the US diet in national nutrition surveys:
national collaborative efforts and NHANES. Am J Clin Nutr
1994;59(1):164S–7S.

96. Li J, Lee DH, Hu J, Tabung FK, Li Y, Bhupathiraju SN, et al. Dietary
inflammatory potential and risk of cardiovascular disease among men
and women in the U.S. J Am Coll Cardiol 2020;76(19):2181–93.

97. Oh K, Hu FB, Manson JE, Stampfer MJ, Willett WC. Dietary fat intake
and risk of coronary heart disease in women: 20 years of follow-up of
the Nurses’ Health Study. Am J Epidemiol 2005;161(7):672–9.

98. Ley SH, Ardisson Korat AV, Sun Q, Tobias DK, Zhang C, Qi L, et al.
Contribution of the Nurses’ Health Studies to uncovering risk factors
for type 2 diabetes: diet, lifestyle, biomarkers, and genetics. Am J Public
Health 2016;106(9):1624–30.

99. Colditz GA, Hankinson SE. The Nurses’ Health Study: lifestyle and
health among women. Nat Rev Cancer 2005;5(5):388–96.

100. Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley
SB, Jacobs DRJr, et al. CARDIA: study design, recruitment, and
some characteristics of the examined subjects. J Clin Epidemiol
1988;41(11):1105–16.

101. McDonald A, Van Horn L, Slattery M, Hilner J, Bragg C, Caan B,
et al. The CARDIA dietary history: development, implementation, and
evaluation. J Am Diet Assoc 1991;91(9):1104–12.

102. Rummo PE, Meyer KA, Green Howard A, Shikany JM, Guilkey
DK, Gordon-Larsen P. Fast food price, diet behavior, and
cardiometabolic health: differential associations by neighborhood SES
and neighborhood fast food restaurant availability in the CARDIA
study. Health Place 2015;35:128–35.

103. Pereira MA, Jacobs DR, Jr, Van Horn L, Slattery ML, Kartashov
AI, Ludwig DS. Dairy consumption, obesity, and the insulin
resistance syndrome in young adults: the CARDIA study. JAMA
2002;287(16):2081–9.

104. Slattery ML, Jacobs DR, Jr, Dyer A, Benson J, Hilner JE, Caan BJ.
Dietary antioxidants and plasma lipids: the CARDIA study. J Am Coll
Nutr 1995;14(6):635–42.

1666 Shea et al.



105. Virnig B, Durham SB, Folsom AR, Cerhan J. Linking the Iowa Women’s
Health Study cohort to Medicare data: linkage results and application
to hip fracture. Am J Epidemiol 2010;172(3):327–33.

106. Shivappa N, Blair CK, Prizment AE, Jacobs DR, Hebert JR. Dietary
inflammatory index and risk of renal cancer in the Iowa Women’s
Health Study. Eur J Nutr 2018;57(3):1207–13.

107. Um CY, Prizment A, Hong CP, Lazovich D, Bostick RM. Associations
of calcium and dairy product intakes with all-cause, all-cancer,
colorectal cancer and CHD mortality among older women
in the Iowa Women’s Health Study. Br J Nutr 2019;121(10):
1188–200.

108. de Koning L, Malik VS, Kellogg MD, Rimm EB, Willett WC,
Hu FB. Sweetened beverage consumption, incident coronary heart
disease, and biomarkers of risk in men. Circulation 2012;125(14):
1735–41.

109. Larocque SC, Kerstetter JE, Cauley JA, Insogna KL, Ensrud K, Lui LY,
et al. Dietary protein and vitamin D intake and risk of falls: a secondary
analysis of postmenopausal women from the Study of Osteoporotic
Fractures. J Nutr Gerontol Geriatr 2015;34(3):305–18.

110. The Atherosclerosis Risk in Communities (ARIC) study: design and
objectives. The ARIC investigators. Am J Epidemiol 1989;129(4):687–
702.

111. Hu EA, Wu A, Dearborn JL, Gottesman RF, Sharrett AR, Steffen LM,
et al. Adherence to dietary patterns and risk of incident dementia:
findings from the Atherosclerosis Risk in Communities Study. J
Alzheimers Dis 2020;78(2):827–35.

112. Poon LW, Clayton GM, Martin P, Johnson MA, Courtenay BC,
Sweaney AL, et al. The Georgia Centenarian Study. Int J Aging Hum
Dev 1992;34(1):1–17.

113. Poon LW, Jazwinski M, Green RC, Woodard JL, Martin P, Rodgers
WL, et al. Methodological considerations in studying centenarians:
lessons learned from the Georgia Centenarian Studies. Annu Rev
Gerontol Geriatr 2007;27(1):231–64.

114. Houston DK, Johnson MA, Poon LW, Clayton GM. Individual foods
and food group patterns of the oldest old. J Nutr Elder 1994;13(4):5–
24.

115. Fischer JG, Johnson MA, Poon LW, Martin P. Dairy product intake of
the oldest old. J Am Diet Assoc 1995;95(8):918–21.

116. Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, Kronmal
RA, et al. The Cardiovascular Health Study: design and rationale. Ann
Epidemiol 1991;1(3):263–76.

117. Virtanen JK, Mozaffarian D, Cauley JA, Mukamal KJ, Robbins J,
Siscovick DS. Fish consumption, bone mineral density, and risk of hip
fracture among older adults: the Cardiovascular Health Study. J Bone
Miner Res 2010;25(9):1972–9.

118. Arab L, Biggs ML, O’Meara ES, Longstreth WT, Crane PK, Fitzpatrick
AL. Gender differences in tea, coffee, and cognitive decline in
the elderly: the Cardiovascular Health Study. J Alzheimers Dis
2011;27(3):553–66.

119. Gelber RP, Launer LJ, White LR. The Honolulu-Asia Aging Study:
epidemiologic and neuropathologic research on cognitive impairment.
Curr Alzheimer Res 2012;9(6):664–72.

120. Kojima G, Bell C, Abbott RD, Launer L, Chen R, Motonaga H, et al.
Low dietary vitamin D predicts 34-year incident stroke: the Honolulu
Heart Program. Stroke 2012;43(8):2163–7.

121. McGee D, Rhoads G, Hankin J, Yano K, Tillotson J. Within-person
variability of nutrient intake in a group of Hawaiian men of Japanese
ancestry. Am J Clin Nutr 1982;36(4):657–63.

122. Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW, Weir
DR. Cohort profile: the Health and Retirement Study (HRS). Int J
Epidemiol 2014;43(2):576–85.

123. Zuniga KE, Bishop NJ, Turner AS. Dietary lutein and zeaxanthin are
associated with working memory in an older population. Public Health
Nutr 2021;24(7):1708–15.

124. Bishop NJ, Zuniga KE. Egg consumption, multi-domain cognitive
performance, and short-term cognitive change in a representative
sample of older U.S. adults. J Am Coll Nutr 2019;38(6):537–46.

125. Bishop NJ, Zuniga KE. Investigating walnut consumption and
cognitive trajectories in a representative sample of older US adults.
Public Health Nutr 2021;24(7):1741–52.

126. Langer RD, White E, Lewis CE, Kotchen JM, Hendrix SL, Trevisan
M. The Women’s Health Initiative Observational Study: baseline
characteristics of participants and reliability of baseline measures. Ann
Epidemiol 2003;13(9):S107–21.

127. Hays J, Hunt JR, Hubbell FA, Anderson GL, Limacher M, Allen C, et al.
The Women’s Health Initiative recruitment methods and results. Ann
Epidemiol 2003;13(9):S18–77.

128. Patterson RE, Kristal AR, Tinker LF, Carter RA, Bolton MP,
Agurs-Collins T. Measurement characteristics of the Women’s
Health Initiative food frequency questionnaire. Ann Epidemiol
1999;9(3):178–87.

129. Design of the Women’s Health Initiative clinical trial and observational
study. The Women’s Health Initiative Study Group. Control Clin Trials
1998;19(1):61–109.

130. Shadyab AH, Manson JE, Luo J, Haring B, Saquib N, Snetselaar LG,
et al. Associations of coffee and tea consumption with survival to age
90 years among older women. J Am Geriatr Soc 2020; 68(9): 1970–8.

131. Prentice RL, Howard BV, Van Horn L, Neuhouser ML, Anderson GL,
Tinker LF, et al. Nutritional epidemiology and the Women’s Health
Initiative: a review. Am J Clin Nutr 2021;113(5):1083–92.

132. Derby CA, Katz MJ, Lipton RB, Hall CB. Trends in dementia incidence
in a birth cohort analysis of the Einstein Aging Study. JAMA Neurol
2017;74(11):1345–51.

133. Sundermann EE, Katz MJ, Lipton RB, Lichtenstein AH, Derby CA. A
brief dietary assessment predicts executive dysfunction in an elderly
cohort: results from the Einstein Aging Study. J Am Geriatr Soc
2016;64(11):e131–6.

134. Bienias JL, Beckett LA, Bennett DA, Wilson RS, Evans DA. Design
of the Chicago Health and Aging Project (CHAP). J Alzheimers Dis
2003;5(5):349–55.

135. Dhana K, Evans DA, Rajan KB, Bennett DA, Morris MC. Healthy
lifestyle and the risk of Alzheimer dementia: findings from 2
longitudinal studies. Neurology 2020;95(4):e374–83.

136. Morris MC, Evans DA, Bienias JL, Tangney CC, Bennett DA, Aggarwal
N, et al. Dietary intake of antioxidant nutrients and the risk of
incident Alzheimer disease in a biracial community study. JAMA
2002;287(24):3230–7.

137. Jensen GL, Kita K, Fish J, Heydt D, Frey C. Nutrition risk screening
characteristics of rural older persons: relation to functional limitations
and health care charges. Am J Clin Nutr 1997;66(4):819–28.

138. Mitchell DC, Tucker KL, Maras J, Lawrence FR, Smiciklas-Wright
H, Jensen GL, et al. Relative validity of the Geisinger Rural Aging
Study food frequency questionnaire. J Nutr Health Aging 2012;16(7):
667–72.

139. Hsiao PY, Mitchell DC, Wood GC, Jensen GL, Still CD, Hartman TJ.
The association of dietary patterns and weight change in rural older
adults 75 years and older. J Nutr Gerontol Geriatr 2014;33(4):357–75.

140. Liu YH, Gao X, Mitchell DC, Wood GC, Still CD, Jensen GL. Diet
quality is associated with mortality in adults aged 80 years and older:
a prospective study. J Am Geriatr Soc 2019;67(10):2180–5.

141. Santoro N, Sutton-Tyrrell K. The SWAN song: study of women’s health
across the nation’s recurring themes. Obstet Gynecol Clin North Am
2011;38(3):417–23.

142. Hengeveld LM, Wijnhoven HAH, Olthof MR, Brouwer IA, Simonsick
EM, Kritchevsky SB, et al. Prospective associations of diet quality
with incident frailty in older adults: the Health, Aging, and Body
Composition Study. J Am Geriatr Soc 2019;67(9):1835–42.

143. Houston DK, Ding J, Lee JS, Garcia M, Kanaya AM, Tylavsky FA,
et al. Dietary fat and cholesterol and risk of cardiovascular disease
in older adults: the health ABC study. Nutr Metab Cardiovasc Dis
2011;21(6):430–7.

144. Houston DK, Tooze JA, Garcia K, Visser M, Rubin S, Harris TB, et al.
Protein intake and mobility limitation in community-dwelling older
adults: the health ABC study. J Am Geriatr Soc 2017;65(8):1705–11.

Leveraging cohort data to study older adults’ diet 1667



145. Bennett DA, Schneider JA, Buchman AS, Barnes LL, Boyle PA, Wilson
RS. Overview and findings from the Rush Memory and Aging Project.
Curr Alzheimer Res 2012;9(6):646–63.

146. Bennett DA, Schneider JA, Buchman AS, Mendes de Leon C, Bienias
JL, Wilson RS. The Rush Memory and Aging Project: study design
and baseline characteristics of the study cohort. Neuroepidemiology
2005;25(4):163–75.

147. Holland TM, Agarwal P, Wang Y, Leurgans SE, Bennett DA, Booth
SL, et al. Dietary flavonols and risk of Alzheimer dementia. Neurology
2020;94(16):e1749–56.

148. Morris MC, Wang Y, Barnes LL, Bennett DA, Dawson-Hughes B,
Booth SL. Nutrients and bioactives in green leafy vegetables and
cognitive decline: prospective study. Neurology 2018;90(3):e214–22.

149. Peel C, Sawyer Baker P, Roth DL, Brown CJ, Brodner EV, Allman RM.
Assessing mobility in older adults: the UAB Study of Aging Life-space
Assessment. Phys Ther 2005;85(10):1008–19.

150. Hsiao PY, Mitchell DC, Coffman DL, Allman RM, Locher JL, Sawyer P,
et al. Dietary patterns and diet quality among diverse older adults: the
University of Alabama at Birmingham Study of Aging. J Nutr Health
Aging 2013;17(1):19–25.

151. Orwoll E, Blank JB, Barrett-Connor E, Cauley J, Cummings S, Ensrud
K, et al. Design and baseline characteristics of the Osteoporotic
Fractures in Men (MrOS) study–a large observational study of
the determinants of fracture in older men. Contemp Clin Trials
2005;26(5):569–85.

152. Shannon J, Shikany JM, Barrett-Connor E, Marshall LM, Bunker CH,
Chan JM, et al. Demographic factors associated with the diet quality of
older US men: baseline data from the Osteoporotic Fractures in Men
(MrOS) study. Public Health Nutr 2007;10(8):810–18.

153. Gao Y, Hickson DA, Talegawkar S, Norwood AF, Tucker KL, Sims
M, et al. Influence of individual life course and neighbourhood
socioeconomic position on dietary intake in African Americans: the
Jackson Heart Study. BMJ Open 2019;9(3):e025237.

154. Taylor HA, Jr, Wilson JG, Jones DW, Sarpong DF, Srinivasan
A, Garrison RJ, et al. Toward resolution of cardiovascular health
disparities in African Americans: design and methods of the Jackson
Heart Study. Ethn Dis 2005;15(4 Suppl 6):S6–4-17.

155. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom
AR, et al. Multi-Ethnic Study of Atherosclerosis: objectives and design.
Am J Epidemiol 2002;156(9):871–81.

156. de Oliveira Otto MC, Mozaffarian D, Kromhout D, Bertoni AG, Sibley
CT, Jacobs DR, Jr, et al. Dietary intake of saturated fat by food
source and incident cardiovascular disease: the Multi-Ethnic Study of
Atherosclerosis. Am J Clin Nutr 2012;96(2):397–404.

157. Kapoor K, Fashanu O, Post WS, Lutsey PL, Michos ED, deFilippi CR,
et al. Relation of dietary sodium intake with subclinical markers of
cardiovascular disease (from MESA). Am J Cardiol 2019;124(4):636–
43.

158. Castro-Diehl C, Wood AC, Redline S, Reid M, Johnson DA,
Maras JE, et al. Mediterranean diet pattern and sleep duration and
insomnia symptoms in the Multi-Ethnic Study of Atherosclerosis.
Sleep 2018;41(11):zsy158.

159. Maras JE, Talegawkar SA, Qiao N, Lyle B, Ferrucci L, Tucker KL.
Flavonoid intakes in the Baltimore Longitudinal Study of Aging. J Food
Compos Anal 2011;24(8):1103–9.

160. Maras JE, Newby PK, Bakun PJ, Ferrucci L, Tucker KL. Whole grain
intake: the Baltimore Longitudinal Study of Aging. J Food Compos
Anal 2009;22(1):53–8.

161. Howard VJ, Cushman M, Pulley L, Gomez CR, Go RC, Prineas RJ,
et al. The reasons for geographic and racial differences in stroke study:
objectives and design. Neuroepidemiology 2005;25(3):135–43.

162. Shikany JM, Safford MM, Bryan J, Newby PK, Richman JS, Durant
RW, et al. Dietary patterns and Mediterranean diet score and hazard of
recurrent coronary heart disease events and all-cause mortality in the
REGARDS study. J Am Heart Assoc 2018;7(14):e008078.

163. Shikany JM, Safford MM, Newby PK, Durant RW, Brown TM,
Judd SE. Southern dietary pattern is associated with hazard of acute
coronary heart disease in the Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study. Circulation 2015;132(9):
804–14.

164. Felson DT, Nevitt MC. Epidemiologic studies for osteoarthritis: new
versus conventional study design approaches. Rheum Dis Clin North
Am 2004;30(4):783–97.

165. Lester G. The Osteoarthritis Initiative: a NIH public-private
partnership. HSS J 2012;8(1):62–3.

166. Xu C, Marchand NE, Driban JB, McAlindon T, Eaton CB, Lu B.
Dietary patterns and progression of knee osteoarthritis: data from the
Osteoarthritis Initiative. Am J Clin Nutr 2020;111(3):667–76.

167. Tucker KL, Mattei J, Noel SE, Collado BM, Mendez J, Nelson J, et al.
The Boston Puerto Rican Health Study, a longitudinal cohort study on
health disparities in Puerto Rican adults: challenges and opportunities.
BMC Public Health 2010;10:107.

168. Brown AF, Prado CM, Ghosh S, Leonard SM, Arciero PJ, Tucker KL,
et al. Higher-protein intake and physical activity are associated with
healthier body composition and cardiometabolic health in Hispanic
adults. Clin Nutr ESPEN 2019;30:145–51.

169. Noel SE, Mangano KM, Mattei J, Griffith JL, Dawson-Hughes
B, Bigornia S, et al. Dietary Approaches to Stop Hypertension,
Mediterranean, and Alternative Healthy Eating indices are associated
with bone health among Puerto Rican adults from the Boston
Puerto Rican Osteoporosis Study. Am J Clin Nutr 2020;111(6):
1267–77.

170. Newman AB, Glynn NW, Taylor CA, Sebastiani P, Perls TT, Mayeux
R, et al. Health and function of participants in the Long Life
Family Study: a comparison with other cohorts. Aging 2011;3(1):
63–76.

171. Gubbi S, Schwartz E, Crandall J, Verghese J, Holtzer R, Atzmon G,
et al. Effect of exceptional parental longevity and lifestyle factors
on prevalence of cardiovascular disease in offspring. Am J Cardiol
2017;120(12):2170–5.

172. Gubbi S, Barzilai N, Crandall J, Verghese J, Milman S. The role of
dietary patterns and exceptional parental longevity in healthy aging.
Nutr Healthy Aging 2017;4(3):247–54.

173. Daviglus ML, Talavera GA, Aviles-Santa ML, Allison M, Cai J,
Criqui MH, et al. Prevalence of major cardiovascular risk factors
and cardiovascular diseases among Hispanic/Latino individuals of
diverse backgrounds in the United States. JAMA 2012;308(17):
1775–84.

174. Sorlie PD, Aviles-Santa LM, Wassertheil-Smoller S, Kaplan RC,
Daviglus ML, Giachello AL, et al. Design and implementation of the
Hispanic Community Health Study/Study of Latinos. Ann Epidemiol
2010;20(8):629–41.

175. Siega-Riz AM, Sotres-Alvarez D, Ayala GX, Ginsberg M, Himes JH,
Liu K, et al. Food-group and nutrient-density intakes by Hispanic and
Latino backgrounds in the Hispanic Community Health Study/Study
of Latinos. Am J Clin Nutr 2014;99(6):1487–98.

1668 Shea et al.


	Leveraging Observational Cohorts to Study Dietand Nutrition in Older Adults: Opportunities andObstacles
	Introduction
	Current Status of Knowledge
	Cohort selection
	Cohort characteristics
	Participants’ characteristics
	Dietary assessment

	Summary and Conclusions
	Acknowledgments
	References


