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ABSTRACT

NHANES is the cornerstone for national nutrition monitoring to inform nutrition and health policy. Nutritional assessment in NHANES is described with a

focus on dietary data collection, analysis, and uses in nutrition monitoring. NHANES has been collecting thorough data on diet, nutritional status, and

chronic disease in cross-sectional surveys with nationally representative samples since the early 1970s. Continuous data collection began in 1999 with

public data release in 2-y cycles on ;10,000 participants. In 2002, the Continuing Survey of Food Intakes by Individuals and the NHANES dietary

component weremerged, forming a consolidated dietary data collection known asWhat We Eat in America; since then, 24-h recalls have been collected

on 2 d using the USDA’s Automated Multiple-Pass Method. Detailed and targeted food-frequency questionnaires have been collected in some NHANES

cycles. Dietary supplement use data have been collected (in detail since 2007) so that total nutrient intakes can be described for the population. The

continuous NHANES can adapt its content to address emerging public health needs and reflect federal priorities. Changes in data collectionmethods are

made after expert input and validation/crossover studies. NHANES dietary data are used to describe intake of foods, nutrients, food groups, and dietary

patterns by the US population and large sociodemographic groups to plan and evaluate nutrition programs and policies. Usual dietary intake

distributions can be estimated after adjusting for day-to-day variation. NHANES remains open and flexible to incorporate improvements while

maintaining data quality and providing timely data to track the nation’s nutrition and health status. In summary, NHANES collects dietary data in the

context of its broad, multipurpose goals; the strengths and limitations of these data are also discussed in this review. Adv Nutr 2016;7:121–34.
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Introduction
Dietary assessment and other nutrition surveillance techniques
such as anthropometric measurements, biochemical tests, and
evaluation of clinical signs and symptoms of malnutrition are
used for population monitoring and to develop nutrition poli-
cies and programs toward improving nutrition and health.
Wright et al. (1) described NHANES methods and dietary
data collection until the mid-2000s, and others have described
various uses of NHANES data (2). Statistical approaches for im-
proving precision in estimating dietary intakes and for assessing
usual intakes have been developed over the past 2 decades (3–5)
and can be incorporated into analyses using NHANES data

(6–8). This article provides an updated description of
NHANES methods since it became a continuous survey in
1999. It describes analytical considerations and the uses of
NHANES dietary data. The strengths, limitations, and poten-
tial improvements in dietary data collection and analysis are
also highlighted.

Current Status of Knowledge: NHANES and Its
Dietary Data
The NHANES is conducted by the National Center for
Health Statistics of the CDC. It consists of ongoing, compre-
hensive, cross-sectional, population-based surveys designed
to collect data on the diet, nutritional status, health, and
health behaviors of the noninstitutionalized US civilian pop-
ulation. NHANES is unique because it combines personal
interviews with standardized physical examinations and
laboratory tests administered by a specially trained staff that
travels to selected survey sites to collect data on a nationally
representative sample of the US population (9). Nutritional

1 The authors reported no funding received for this study. This is a free access article, distributed

under terms (http://www.nutrition.org/publications/guidelines-and-policies/license/) that

permit unrestricted noncommercial use, distribution, and reproduction in any medium,

provided the original work is properly cited.
2 Author disclosures: N Ahluwalia, J Dwyer, A Terry, A Moshfegh, C Johnson, no conflict of

interest.

*To whom correspondence should be addressed. E-mail: n.ahluwalia@cdc.gov.

ã2016 American Society for Nutrition. Adv Nutr 2016;7:121–34; doi:10.3945/an.115.009258. 121



status is examined via the combined assessment of dietary in-
take, anthropometric measurements, laboratory tests, and
clinical findings.

Overview of NHANES History
NHANES has a long history, beginning in the early 1960s as
the National Health Examination Survey that collected lim-
ited data on nutrition status. The findings of the Ten State
Nutrition Survey emphasized the need for greater nutrition
surveillance at the national level (10) and led to the expan-
sion of the National Health Examination Survey in 1971 to
become NHANES, with a major focus on health as well as
nutrition. NHANES conducted a series of cross-sectional
surveys on a periodic basis until the mid-1990s as NHANES I,
NHANES II, Hispanic Health and Nutrition Examination
Survey, and NHANES III. In 1999, NHANES became a con-
tinuous survey conducted in 2-y cycles with planning, data
collection, and public release of data and key reports of find-
ings for each 2-y survey cycle. In the same year, the USDA
and US Department of Health and Human Services imple-
mented plans to merge the USDA’s Continuing Survey of
Food Intakes by Individuals and NHANES into a single con-
tinuous survey. In 2002, the Continuing Survey of Food In-
takes by Individuals and the dietary assessment component
of the NHANES were implemented as “What We Eat in
America” (WWEIA)6—the dietary component of NHANES.
The WWEIA is jointly administered as a partnership be-
tween the USDA and National Center for Health Statistics
(9, 11).

The continuous NHANES maintains a national probabil-
ity sample of baseline information on the health and nutri-
tional status of the resident noninstitutionalized civilian US
population (9). It provides data to describe dietary intakes as
well as prevalence estimates for risk factors and selected diet-
related and other diseases in the US population to better
monitor trends in nutritional health, certain diet-related dis-
eases, diet-related behaviors, and environmental exposures.
These data are critical for exploring emerging public health
needs and nutrition surveillance of the nation.

NHANES: Design, Operations, and Dietary Data
Collection and Release
NHANES has a complex, multistage, probability sampling
design. It examines a nationally representative sample of
;5000 persons each year selected from 15 different loca-
tions that are chosen from a sampling frame of all US
counties (9). NHANES is designed to examine between
200 and 400 participants in each of the 60–80 sampling do-
mains (age, sex, race-ethnicity, and income based) over a 4-y
survey period (12).

Over the years, various groups have been oversampled
across different NHANES cycles to produce more reliable

estimates for various population subgroups (Table 1). For
example, non-Hispanic blacks, Mexican Americans, low-
income whites, adolescents 12–19 y of age, and older per-
sons (aged $70 y) were oversampled in 1999–2006. In
addition, a supplemental sample of pregnant women was in-
cluded. From 2007 to 2010, Hispanics, non-Hispanic blacks,
low-income whites, and older persons (aged $80 y) were
oversampled (9). In more recent surveys (2011–2014 and
2015–2018), Asian Americans are also being oversampled
(Table 1) (12). The examination response rates in NHANES
generally vary from 70–80% (13, 14). Sampling weights are
created to account for differential probabilities of selection
and nonresponse; applying appropriate sampling weights
is necessary to obtain nationally representative estimates
(9, 12, 13).

NHANES operations and content
Themajor components of NHANES over various cycles are de-
scribed in Table 2. NHANES data collection occurs through-
out the year, including weekdays and weekend days, and
includes a household interview, mobile examination center
(MEC) visit, and post-MEC follow-ups. During the household
screening interview, eligible household members are identified
by using a computer-assisted personal interview tool (9). Po-
tential participants are provided a global list of topics and cat-
egories (e.g., health examination, blood- and urine-based tests,
dietary intake) that would be assessed. After obtaining in-
formed consent, a detailed in-person interview is carried out
in the home of consenting persons. It includes questions on
demographic, socioeconomic, dietary (including supplement
use), and health-related domains. As part of this personal inter-
view, data on food security at the household and/or individual
level have been collected in certain survey years (9). Informa-
tion on nutrition knowledge, attitudes, and behaviors has
been collected in varying detail in some NHANES cycles in a
module called the Flexible Consumer Behavior Survey. The
Flexible Consumer Behavior Survey, conducted in partnership
with the Economic Research Service (ERS) of the USDA, in-
cludes topics such as participation in food and nutrition assis-
tance programs, as well as family food expenditures at home
and away from home. Data on nutritional knowledge, use of
food labels and nutritional information, and importance of fac-
tors such as price, convenience, and taste while shopping for
groceries or dining out have also been collected. Information
on infant-feeding practices, eating away from home, and con-
sumption of certain food groups (e.g. milk and dark green
leafy vegetables) is collected as part of the dietary behavior
questionnaire (1, 15). Participants aged $16 y also report
on weight history, perceived weight status, and methods
used for weight control (1, 16). In addition, data are
collected on consumption of various types of dietary sup-
plements (quantity, frequency, duration, name, and manu-
facturer) over the past month, including vitamins, minerals,
and non–vitamin-mineral supplements (e.g., botanical supple-
ments and amino acids). A unique aspect of NHANES is
that during the interview, the interviewer sees the supple-
ment containers, lessening chances for recording errors.

6 Abbreviations used: AMPM, Automated Multiple-Pass Method; DGA, Dietary Guidelines for

Americans; ERS, Economic Research Service; FNDDS, Food and Nutrient Database for Dietary

Studies; HEI, Healthy Eating Index; ISU, Iowa State University; MEC, mobile examination

center; NCI, National Cancer Institute; WWEIA, What We Eat in America.
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After the in-home interview, participants are scheduled
for a MEC visit. The MEC examination provides a mecha-
nism for standardized and automated data collection across
survey sites and over time. It comprises medical, dental, and
physiologic measurements, as well as laboratory tests that
are administered by trained staff, including medical person-
nel. Dietary data are collected by trained interviewers using
standardized methods that are described below.

Anthropometric measurements are a mainstay of the
NHANES program. They involve data collection on weight,
recumbent length (for children aged <4 y), and standing
height for participants aged $2 y. In addition, various
body circumferences and skinfold thickness measurements
are taken based on the participant’s age in most NHANES
cycles, with some variation across cycles (14).

In certain NHANES cycles, body composition data have
been measured using bioelectric impedance and DXA on se-
lected age groups and nonpregnant women. NHANES in-
corporates these and other novel assessment techniques
when newer assessment methods are validated and become
available on issues of public health importance. For exam-
ple, data on sagittal abdominal diameter were collected in
2011–2014 as an indicator of abdominal obesity (17).

Biochemical measures are also helpful in determining nutri-
tional status. Blood samples are collected for consenting per-
sons $1 y of age. Other biological specimens collected
include urine, saliva, hair, and certain tissues (e.g., nasal swabs,

vaginal swabs, oral rinses), based on age and sex of participants
(18). Samples are processed on site in the MEC and shipped to
collaborating laboratories across the United States for analysis
using state-of-the-art methods. Some of the analytes include
nutrients (e.g., vitamins, minerals), phytoestrogens, metabo-
lites (e.g., related to nutrients, bioactives such as caffeine), bio-
markers of environmental exposure (e.g., polyaromatic
hydrocarbons, lead, cotinine), and clinical and biochemical
tests spanning cardiovascular, lung, and liver function (e.g.,
blood pressure, heart rate, lipids, liver enzymes).

Physical activity data have been collected using question-
naires. In addition, physical activity monitors have been used
in several recent NHANES cycles. Cardiovascular fitness has
been assessed for 12- to 49-y-olds using submaximal treadmill
tests and isometric grip strength in certain cycles (1).

The post-MEC data collection components vary across
survey cycles. They have included a physical activity monitor,
telephone-based 24-h dietary recall and consumer behavior
questionnaire, and home-collected urine sample (14).

NHANES dietary data collection
NHANES has been collecting dietary intake data in various
forms since the early 1970s. The mainstay of dietary data
collection has been a 24-h recall beginning with NHANES
I; a food-frequency questionnaire (FFQ) varying in the
number of questions has also been included, with its focus
varying over the survey cycles (Table 3). The 24-h recall
method is most often used for determining dietary intake
in large-scale surveys (19–22). The decision to continue
with this method over the years in NHANES has been based
on consensus of expert groups during workshops held pe-
riodically to evaluate data collection methods in NHANES
(19, 23). Its use is supported by expert panel discussions in a
recent symposium on “Strategies to Optimize the Impact of
Nutrition Surveys and Epidemiological Studies” (24).

The use of a single 24-h recall administered by trained inter-
viewers continued with the continuous NHANES; the larger
FFQ used in NHANES III was converted to a targeted FFQ
aimed at specific nutrition-health issues over varying cycles of
the survey (e.g., fish/seafood and mercury, dairy and calcium,
alcohol) (Table 3). An expanded version of the FFQ was again
used during 2003–2006. NHANES staff, along with external
federal and nonfederal experts, periodically assess revision of
data collection methods to improve quality while weighing in
factors such as cost, respondent burden, and overall feasibility
within the multidisciplinary scope of NHANES (19, 23).

Dietary data collection methods in NHANES have
evolved over time to reflect these recommendations and
emerging data needs over the years. Some examples in-
clude the use of the USDA’s Automated Multiple-Pass
Method (AMPM) and collection of a second dietary recall
since 2002 to account for day-to-day variation. In addi-
tion, targeted questions related to frequency of consump-
tion of certain foods and beverages are also included in
most cycles of NHANES. Together, these developments
aimed at improving assessment methods for dietary
data collection are in line with the recommendations

TABLE 2 Major components that have been measured in various
cycles of the continuous NHANES1

Component
Household
interview

MEC
visit

Post-MEC
interview

Sociodemographic status x
Medical history x
Medication use x
Nutrition knowledge
and behaviors

x x

Infant feeding practices x
Eating away from home x x
Weight history and weight
control practices

x x

Clinical examination
on selected conditions
(hypertension, cardiovascular
disease, hearing, vision, oral
health, taste and smell, etc.)

x

Anthropometric
measurements

x

Body composition x
Biological specimen collection
and laboratory testing
(nutrient status, hormones,
health conditions, chemical
exposures, etc.).

x

Physical activity
(questionnaire, monitor)

x

24-h dietary recall x x
Dietary supplements use Past 30 d X (after 24-h

dietary
recall)

x (after 24-h
dietary
recall)

1 Empty cells indicate that data on the corresponding component were not collected
at that interview or examination. MEC, Mobile Examination Center.
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summarized by Webb et al. (24). Furthermore, since
2007, detailed information on dietary supplement use has
also been collected during the household interview for the
past 30 d as well as during the two 24-h recalls. The latter
change permits estimating total nutrient intake from diet
and supplements for the US population and specific de-
mographic subgroups.

Dietary recall data for WWEIA-NHANES are collected on
both weekdays and weekend days. Dietary intakes can vary
by day of the week. Thus, special dietary weights are computed
for each survey cycle that adjust for the differences in the pro-
portion of recalls on weekdays compared with weekend
days, and these weights should be used in analysis of the
WWEIA-NHANES data (9, 12, 13). Dietary interviews are
not unannounced. NHANES participants are told they will
be asked questions about what they eat (14). Thus, the possi-
bility of self-reporting bias on reported intake of foods, bever-
ages, and dietary supplements remains as in other large-scale
epidemiologic studies and surveys. For children aged#5 y, in-
terviews are obtained through a proxy familiar with the child’s
intake, generally a parent; proxies also assist with children
aged 6–11 y. Dietary intakes are self-reported by participants
aged $12 y. Bilingual dietary interviewers administer an in-
person interview at the MEC by using the AMPM. The
AMPM is a computer-assisted multiple-pass format interview
system with standardized probes, developed by the USDA to
estimate current dietary intake and to minimize misreporting
(25). Its 5-step multiple-pass process is designed to enhance
complete and accurate data collection while reducing respon-
dent burden by prompting the respondent to recall foods
and beverages consumed throughout the 24-h period with
probes using 3-dimensional food models and the USDA
Food Model Booklet to better estimate portion size (25, 26).

Additional dietary data collected in NHANES have varied
over cycles. They include questions on salt use at the table
and during cooking, as well as questions on alcohol and sea-
food and fish consumption that were targeted in certain
cycles of NHANES. Also included are questions on supple-
ment use, starting with a few generic questions in NHANES
I to much more detailed information (e.g., nature, dose, fre-
quency, duration, motivations of dietary supplement use)
collected during the household interview in later surveys
and to date (Table 3). A major milestone in 2007 was the
move to collecting detailed information on dietary supple-
ment use in the two 24-h recalls as well. This allows re-
searchers to compute the total nutrient intake from diet
and dietary supplements and nonprescription antacids con-
taining calcium and/or magnesium, as well as to better esti-
mate usual nutrient intakes. NHANES is the only national
survey that currently provides complete nutrient intake
from foods, beverages, and dietary supplements at the na-
tional level for US persons of all ages.

Coding and release of dietary data: foods and nutrient
intake and related databases
Since 2001, the USDA’s Food and Nutrient Database for
Dietary Studies (FNDDS) has been used as the food

composition database to assign codes to all foods and beverages
and amounts reported by participants during their 24-h dietary
interviews (27) (Table 3). Descriptions of the >7600 foods and
beverages in the FNDDS are primarily generic, with some ex-
ceptions for brand-name items, including ready-to-eat ce-
reals, infant formulas, candies, and nutrition bars. In this
database, the nutrient and dietary constituents (including
caffeine) from foods and beverages are based on the USDA
National Nutrient Database for Standard Reference (28).
Data sources for the National Nutrient Database for Stan-
dard Reference include scientific literature, data provided
by food companies and trade associations, and chemical
analyses contracted for by the USDA. The nutrient data
for ;3200 items from the National Nutrient Database for
Standard Reference are used to determine the nutrient values
for the >7600 foods and beverages in the FNDDS. Details
about how nutrient values are determined for the foods and
beverages are described in the FNDDS documentation (27).
For each NHANES 2-y survey period, an updated FNDDS ver-
sion is produced that reflects the foods and beverages reported
by participants and their nutrient content during that specific
timeframe. The FNDDS is updated on an ongoing basis by
the USDA, and new foods and beverages are added to reflect
changes in consumption and the marketplace for each survey
period. For example, the FNDDS 2011–2012, developed for
the WWEIA-NHANES 2011–2012, included 1156 new foods
and beverages. On the USDA website, other specialized data-
bases further characterize foods and beverages found in the
FNDDS. They include the USDA’s Food Patterns Equivalents
Database for various NHANES cycles since 2005. The Food
Patterns Equivalents Database disaggregates foods and bev-
erages reported in 37 USDA Food Patterns components and
provides a unique research tool to evaluate food and bever-
age intakes compared with recommendations of the Dietary
Guidelines for Americans (29).

Dietary data are released, on the NHANES website (14),
in collaboration with the USDA for each 2-y survey period of
NHANES. Data release usually occurs ;6–9 mo after the
initial release of other NHANES component data corre-
sponding to that same 2-y period (Table 3). This lag is be-
cause the dietary data are checked for quality in an ongoing
manner over the 2-y collection period and at the end of
the 2-y cycle and the time it takes for the nutrient composi-
tion for foods and beverages to be determined for all items
reported in the survey.

NHANES has been collecting dietary supplement use
data since it began. The dietary supplement use information
collected during the household interview (since the 1980s)
and in the two 24-h recalls (since 2007) is coded using in-
house databases (Table 3). The NHANES Dietary Label Sup-
plement Database includes all (;11,000) dietary supplements
or nonprescription antacids containing calcium and/or
magnesium reported by participants since 1999. It synthesizes
information obtained from various sources, including the
manufacturer or retailer, Internet, company catalogs, and
the Physician’s Desk Reference, and is available on the
NHANES website.
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In summary, the continuous NHANES survey has been
operating since 1999, sampling persons of all ages, with fully
automated data collection that allows more timely release of
data on the health and nutritional status of the US popula-
tion. Expanded documentation and tutorials for use of
NHANES data have been compiled and made available pub-
licly online. The survey is constantly evolving, considering
recent advances in the fields of health and nutrition and
adapting its methods accordingly. For example, since the
continuous NHANES began, a dietary intake assessment
method has evolved to fully automate this data collection
by computer-assisted means via the AMPM (25). Other
changes include using state-of-the-art methods for bio-
chemical tests and collection of novel data providing na-
tional estimates on emerging conditions and the provision
of population-based reference data on newer laboratory tests
and measurements. As methods evolve or change over the
years, after conducting crossover and validation studies
and incorporating expert input, accompanying documenta-
tion is provided online on the NHANES website (14) for
consideration during analyses. The release of data and ac-
companying documentation online allows efficient and
free access to these files and the ability to link them to a
growing number of external data files and databases (e.g.,
food environment, environmental exposure, market data,
health records, medication use), as well as the National
Death Index. The USDA and NHANES are continually up-
dating the food and nutrient databases as well as dietary sup-
plement databases to capture market trends and items
reported consumed by the NHANES participants. Today’s
databases are far more complete in terms of foods and bev-
erages, nutrients, and bioactives of public health concern
than those before the continuous NHANES, reflecting the
positive impact of the partnership between these federal
agencies. In addition, growing public-private partnerships
such as the Agricultural Technology Innovation Partnership
on Branded Food Products Database for Public Health will
allow the NHANES-related dietary databases to be more
comprehensive and improve the quality of these critical
data even further. Keeping research methods updated to re-
flect consensus in the scientific community as well keeping
databases current and complete is a priority identified by
the federal Inter-agency Committee on Human Nutrition,
and NHANES is committed to meet this challenge.

NHANES Dietary Data: Analytical
Considerations
There is no single perfect method for assessing dietary intake
information in surveys. Different methods may be appropri-
ate for specific purposes (19–23, 30). Since 2002, NHANES has
been collecting food and nutrient intake data via two 24-h re-
calls obtained with standardized AMPM method in conjunc-
tion with databases that are updated to correspond to each
2-y survey cycle (Table 3). The 24-h recall technique requires
short-term memory, is less burdensome and less likely to alter
eating behavior than food records, and can be used with diverse
populations because it does not require a high level of literacy

(22, 30). It has been recommended as the dietary method of
choice for quantifying “actual” intakes (rather than perceived
intakes collected retrospectively via the FFQ) in large popula-
tion studies (22, 30), is less-biased than FFQs that rely
on longer-term recall, and is less burdensome for the re-
spondents (20). In addition, because trained staff obtains
the 24-h recalls by the standardized AMPM method, mea-
surement error is further reduced (26).

It has long been recognized that self-reported dietary in-
takes (via food records or 24-h dietary recalls) are associated
with underreporting of energy intake (22, 26, 31, 32) and, to
differing extents, several macro- and micronutrients (33).
This has been demonstrated with NHANES data as well
(33, 34). Moreover, the underreporting bias in energy intake
is proportionally related to total energy intake (35) and is
higher in overweight and obese persons as well as in women
(26, 32–34). In one study (26) that evaluated the AMPM 24-h
recall method that is used in NHANES, using doubly labeled
water as the reference method, mean energy intake was
underreported compared with total energy expenditure by
10% in males, 12% in females, and 3% in normal-weight
subjects. This degree of underreporting was substantially
lower than that achieved by other dietary intake instruments
evaluated using doubly labeled water (32, 34, 36). However,
differences in study methods, including reference methods as
well as the fact that NHANES data were used for individual-
level assessment (34) that they are generally not intended
for, could partly explain these differential findings (37,
38). In addition, periodic dieting or undereating is a
common practice among Americans, particularly those
who are overweight and obese (39). These factors could ex-
plain the discrepancy between 1-d estimates of reported en-
ergy intake and expected energy intake observed among
studies. On the other hand, additional evidence for the ac-
curacy of the AMPM has been provided by analysis of the
24-h urinary sodium data from the AMPMValidation Study.
Mean dietary sodium estimates derived from the AMPM re-
flected >90% of the biomarker-based estimates from 24-h
urine collections (40). Lankester et al. (41) recently pre-
sented 2 statistical simulation models that were developed
by using data from an observational study (i.e., Observing
Protein and Energy Nutrition (OPEN) study; doubly labeled
water served as the reference method to estimate energy ex-
penditure) and applied to NHANES data to adjust for
underreporting in energy intake. After adjustment with
the models, dietary recall bias was drastically reduced to
<3% with the regression model and between 4% and 9%
with the intake shift model. The findings of this study sug-
gest that underreporting error can be corrected using exter-
nal data sets on a similar population when available.
Another way to correct for the underreporting of intakes
of specific nutrients is by use of biomarkers. For instance,
urinary nitrogen has been used to correct for under-
reporting in protein intake (32, 42). However, it must be
recognized that biomarkers also have errors in their mea-
surement, and biomarkers for many nutrients of interest
do not exist (38).
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Hébert et al. (43) discuss the underreporting associated
with self-reports and other issues related to bias and mea-
surement error in their recent article on the value of dietary
assessment data in informing nutrition-related policies.
Overall, there is always some error associated with self-
reported dietary intakes, as is the case for self-reported
data on any variable (44). This error can attenuate correlations
between diet and health/disease in epidemiologic surveys
and large studies, where self-reported data offer the most
feasible and reasonably accurate means to examine group-
level intakes and associations among diverse populations.
As Hébert et al. (43) and Satija and colleagues (38) point
out, although existing methods are not perfect and further
studies are needed to quantify the magnitude of error and
identify the sources of biases, they still provide much useful
information. Nevertheless, it is important to examine how
the measurement error relates to potential confounders
and effect modifiers, as well as to describe how to adjust
for those errors under “real-world” conditions to adjust es-
timates of health effects (42, 43).

One goal of NHANES is to describe population and pop-
ulation subgroup-level distributions of food and nutrient in-
take and to relate these to health and disease biomarkers and
outcomes. A single 24-h recall has historically been consid-
ered sufficient to describe the mean (21). This is because the
effects of random errors associated with dietary recall, in-
cluding the day-to-day variability, are generally assumed to
cancel out if days of the week are evenly represented (21).
The smaller magnitudes of systematic errors (compared
with a FFQ) allow a 24-h recall to produce reasonable esti-
mates of mean usual dietary intake of population subgroups
or for examining trends over time, after the effects of ran-
dom errors are averaged out (22, 35, 38). To describe the
tail ends of the distribution of the population, a single 24-h
recall may not be reliably sufficient. For this, usual intake es-
timates may be needed, either by obtaining multiple days of
dietary information per individual or by statistical approaches
using at least 2 d of dietary information per individual (de-
scribed in the next section).

In addition, a single 24-h recall is also an unreliable indica-
tor of habitual dietary intake at an individual level because of
the large day-to-day variations in dietary intake (24, 45, 46).
To overcome the “random error” associated with this day-
to-day fluctuation in intakes at an individual level, multiple
24-h recalls are needed to estimate the variance across days
and to estimate the usual intake by individuals (22, 35, 38).
The number of 24-h recalls needed to precisely estimate a sin-
gle individual’s usual intake (i.e., ameliorate the effects of ran-
dom within-person variability) varies by nutrients, foods,
and food groups of interest (45, 46). However, obtaining
large numbers of repeated 24-h recalls to estimate individual-
level intakes poses practical challenges within the scope
of NHANES—a large multidisciplinary survey on a nationally
representative sample aimed at producing population and
large subgroup-level national estimates. This approach would
be impractical because of the associated heavy burden on re-
spondents that could affect response rates adversely, increase

attrition, and result in data with limited external validity in
obtaining national estimates, as well as increasing costs. Tech-
niques involving web-based technology to obtain repeated
24-h recalls are being tested and are promising for use in large
survey settings with participants who are computer literate
(47, 48).

Cross-sectional data from NHANES are often used to ex-
amine population and large subgroup-level trends in intakes
over time and to inform policy (38, 49). When conducting
trends over time analyses, researchers need to be aware of
change in dietary data collection methods (e.g., shift to using
the AMPM method since 2002) and that the databases ac-
companying each survey cycle in the continuous NHANES
are updated to reflect foods reported consumed in that cycle.
Users should consult online documentation for changes in col-
lection methods and relevant food composition and supple-
ments databases such as the FNDDS to ensure that no major
changes occurred over the survey years being examined—all
of which could affect interpretation of findings.

Statistical approaches for estimating usual intake
distributions
Researchers are often interested in capturing habitual or
usual intakes when assessing dietary intake among popula-
tions or individuals (50). Although a 24-h dietary recall
can provide rich details about mean dietary intake for a
given day on the population or large-group level, it does
not reflect the usual intake over time due to the large intra-
individual variation in dietary intakes described in preceding
sections. As discussed previously, collecting more than two
24-h recalls per participant is usually impractical in large
survey settings. Recognizing this fact, statistical methods
have been developed that can assist in accounting for
within-individual variation (3–5, 51). A key component to
these methodologic advances is a shift in focus; rather
than attempting to estimate usual intake at the individual
level, the goal is to estimate distributions of usual intake
or regression parameters relating usual intake to health out-
comes, where statistical modeling can be performed with
substantially fewer repeated 24-h recalls (as few as 2 per per-
son on a subset of the entire sample) (3, 52). Various
methods have become available over the past few decades
to estimate usual intake distributions (53), of which the
Iowa State University (ISU) method (4) and the National
Cancer Institute (NCI) method (3) are more well known.

Researchers at ISU developed the ISU method (4) that
corrects for the intraindividual variation in 24-h recall
data to reduce bias in estimates of usual intake distributions.
The usual intake distributions of foods and nutrients con-
sumed daily or episodically can be estimated, along with
fractions of the population with the usual intakes falling
above or below reference cutoffs such as the DRIs. The
use of the relatively “user-friendly” ISU method requires
special software called “PC-Side” (4). The ISU method re-
quires at least 2 d of nonzero intake for at least some partic-
ipants to estimate the intraindividual variation to obtain
estimates of usual intake distributions. Researchers at the
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NCI have made further advances in the ISU approach and
provided SAS macros that implement their procedure. The
macros are less user-friendly than the PC-Side software
but allow more advanced analyses. The NCI method is par-
ticularly useful for describing the habitual intakes of foods
and nutrients that are not routinely eaten (“episodically
consumed”) (3, 6, 50, 54), because it allows the probability
to consume an episodic food to be related to the amount
consumed when it is consumed. Furthermore, the NCI
method (in contrast to the ISU method) can explicitly
model covariate effects, which facilitates subgroup and other
advanced analyses, including an implementation of the re-
gression calibration approach to correct for bias in estimated
diet-health outcome relations (55). In addition, if 24-h recall
data are augmented with FFQ-type information, when
available, the NCI method has the capacity to include
such FFQ information as a covariate to help estimate the
usual intake distributions of foods that are rarely consumed
or where a large proportion of the population never con-
sumes that food (54). NHANES has the capacity to amend
its protocol and incorporate targeted FFQs and “propensity
questionnaire(s)” to address public health needs. In fact,
targeted FFQs have already been used in NHANES (seafood,
dairy). Researchers can submit proposals for consider-
ation to amend NHANES methods such as inclusion of
a targeted FFQ to address specific research and public
health priorities.

It is important to note that these statistical methods typi-
cally assume that 24-h recalls are unbiased for usual intake
and then proceed to adjust for intraindividual variation, thus
correcting for only that part of the measurement error. Biases
such as underreporting inherent to self-reported dietary data or
any other systematic bias are not removed when usual intake
estimates are obtained. Although these approaches do not
completely ameliorate all bias, they do lead to improved es-
timates of distributions and regression parameters relative to
the use of other self-report assessments “as is” (56). The
consensus from a symposium on optimizing the impact of
nutritional surveys and epidemiologic studies is that adjust-
ing for measurement error, with an imperfect but better
reference instrument, is preferable to ignoring the bias in-
troduced due to measurement error (24, 54).

In summary, dietary data from NHANES can be used to
describe food and nutrient intakes on a given day, and they
are also useful for descriptive and analytical epidemiologic
purposes. Results based on a single 24-h recall are sufficient
to estimate population means (38) because the effects of
random errors associated with dietary recall, including
day-to-day variability, are generally assumed to cancel out
if days of the week are evenly represented (21). The mean
of 1-d intakes from the weighted study population has
been shown to be a reasonably accurate estimate of the
mean of the usual intake distribution of the population
(6, 22, 35). However, for foods, beverages, nutrients, and bio-
actives that are episodically consumed, findings based on a
single 24-h recall (day 1 data only) or even using both days
of dietary recall data from NHANES may not be sufficiently

precise to satisfactorily model the usual intake estimates
due to high intra- and interindividual variation in intake
(21, 45). In such a case, special programs designed to estimate
usual intake for episodically consumed foods could be used.
Such programs use correlated models incorporating informa-
tion on the frequency of consumption of the episodically con-
sumed food in the population and subgroups, along with
amounts consumed. These require thorough knowledge
of such analytical approaches and some level of statistical
analysis programming experience to implement them effec-
tively. The tutorials on the NHANES as well as the NCI web-
sites are excellent starting points for learning about these
approaches (57). Work continues in this important area
for better understanding the sources of measurement error
and accounting for it in analyses.

Uses of NHANES Dietary Data
NHANES is the nation’s primary survey that provides data
collected using standardized collection methods that allow
dietary and health surveillance over time. NHANES is the
only source of data that provides national estimates of
food and beverage consumption and nutrient intakes from
diet and supplements for persons of all ages. NHANES
data are used globally by researchers, policy makers, and pri-
vate industry as well as diverse federal agencies for many
purposes. They have been used for descriptive and analytical
epidemiologic scientific research, such as the association of
diet, dietary factors, foods, and nutrients with health, dis-
ease, biomarkers, and functional outcomes (2, 14). Other
key uses include nutrition monitoring research, assessing di-
etary intakes, the contribution of dietary supplements to
the intakes of Americans, and development of biomarkers
of dietary intakes (e.g., caffeine and flavonoid metabolites)
(2, 10, 11, 14).

Dietary data from NHANES are critical to nutrition
monitoring and for informing nutrition policy in several
ways. They are used to describe the nutritional and health
status of Americans, including descriptions of food and nu-
trient intakes by the US noninstitutionalized population, de-
velopment and evaluation of DRIs, and development of diet
quality indexes such as the Healthy Eating Index (HEI), the
MyPlate icon for healthy eating, and other tools (2, 10, 11,
14, 58, 59). Last, longitudinal passive follow-up has been
possible with NHANES data from certain cycles that have
been linked to the National Death Index. This allows re-
searchers to examine the prospective association of diet as
a whole, as well as intake of foods and nutrients, with overall
and cause-specific mortality in US persons. Dietary data
from NHANES can also be used to carry out time-trend
analyses when they are appropriately adjusted (49) to exam-
ine the association of diet (as a whole, food groups, foods,
nutrients, or other dietary components) with health, disease,
and mortality (in certain cycles) and to inform nutrition and
health policies (38).

Some of the key uses of the NHANES data in informing
the nation’s public health and nutrition policy are presented
in Table 4. Because NHANES is deeply involved in and
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works collaboratively with several agencies that inform and
develop nutrition policy, the various ways that NHANES
data serve as one of the critical pieces of information in the
development of nutrition and health policy are described at
greater length below.

Nutrition monitoring
NHANES dietary data are used to describe the distribution
of usual intakes of the population and subgroups (age, sex,
physiological status) for foods, food groups, and nutrients
(60). The findings are used, in conjunction with other liter-
ature evidence, by federal agencies and expert panels to as-
sist, establish, and evaluate DRIs (5, 51, 61).

One of the aims of dietary surveillance is to estimate the
proportion of the population that meets the recommended
level of food and nutrient intakes (51, 61). By estimating usual
dietary intakes based on NHANES data, the percentage of the
population and population subgroups with intakes below (or
above) the estimated average requirements or upper limits of
the DRIs can be estimated. Dietary supplement users and non-
users can be analyzed separately. In addition, data collected
over various survey cycles, with appropriate adjustments, assist
researchers and policy makers to evaluate how well the nation
is doing in terms of meeting the DRIs over time.

HEI. The HEI was developed as a tool to quantify the quality
of diet consumed by individuals in the United States (58, 59).
Using NHANES data for 2001–2004, Freedman and colleagues
(62) described statistical approaches to estimate population
distribution of usual HEI 2005 component scores using 2-d di-
etary recall data. For example, recent analyses showed that an
estimated 30% of the total US population scored low for total
vegetable intake. WWEIA-NHANES survey data from more

recent surveys can provide the continuum of data needed to
compute the HEI scores and to help track the nation’s quality
of diet. Using NHANES data from 1999–2010, Wang et al. (49)
reported that although the diet quality of Americans showed a
steady improvement across the 12-y period examined, overall it
remained poor.

Dietary Guidelines for Americans. The Dietary Guidelines
for Americans (DGA) are federally mandated to be updated
and released every 5 y. Dietary guidance helps Americans eat
healthier diets toward better health and optimal function
(63). NHANES data are used to develop and evaluate the
population’s progress in meeting the dietary guidelines.
Krebs-Smith et al. (6) modeled usual intake distributions
from 2001–2004 NHANES data and showed that most of
the population did not meet recommendations for all of
the nutrient-rich food groups, except total grains, meat,
and beans. Overconsumption of energy from solid fats,
added sugars, and alcoholic beverages was ubiquitous.

The Dietary Guidelines Advisory Committee 2015 (29)
relied on NHANES dietary data to describe food and nutri-
ent intakes and nutrients of concern, dietary patterns of
Americans, food and menu label use, food access, and diets
of persons participating in the federal nutrition assistance
programs, as well as consumption of food items that could
have potential safety concerns, such as caffeine and non-
caloric sweeteners.

The Agricultural Act of 2014 directed the DGA to expand to
include infants from birth to 2 y and pregnant women, begin-
ning with the 2020 DGA (63). Data collected in NHANES have
many potential uses in this regard (15). To provide data neces-
sary to develop dietary guidance for infants and toddlers,
NHANES could potentially oversample infants and toddlers
in place of certain other groups it usually oversamples.
Alternatively, NHANES can be expanded to address this
specific subpopulation as has been done in the past with
the NHANES National Youth Fitness Survey (64).

Healthy People 2020 Objectives. Healthy People Objec-
tives, the plan from the US Department of Health and
Human Services for promoting health and preventing dis-
ease, are one of the cornerstones of US health policy and
include several nutrition-related objectives (65). NHANES
data (including dietary data) provided baseline estimates for
many of these objectives and are used to track their progress.
Several Healthy People 2020 objectives, including those on in-
take of food (e.g., fruit, vegetables, grains, and alcohol)
and nutrients (e.g., calcium, sodium, and total fat) or reduc-
ing calories (from solid fats and/or added sugars), rely on
NHANES data from WWEIA to monitor progress toward
better health.

Monitoring intakes of foods and nutrients of public
health concern. With the introduction of new foods and
products in the market, NHANES dietary data are important
in examining the intake of foods, food components, and nu-
trients of public health concern such as added sugars, sodas,

TABLE 4 Chief uses of NHANES dietary data in nutrition
monitoring, nutrition policy, and federal food and nutrition
programs

Chief use

Nutrition monitoring
Identify groups at risk of nutrient deficiency or excess
Develop and update reference standards (e.g., Dietary Reference
Intakes, Healthy Eating Index)

Track trends in dietary behaviors and food and nutrient intakes:
Relate to nutritional status and health
Relate to meeting nutrition and health objectives (Dietary

Guidelines for Americans, Healthy People)
Inform policy development (e.g., nutrients of public health

concern: sodium, added sugars, caffeine, trans fatty acids,
saturated fat)

Meal consumption patterns of Americans (e.g., meals eaten at
home or outside home)

Food safety and regulatory purposes
Develop and update food labeling policies
Develop and monitor food fortification policies (folic acid, vitamin D)
Establish food safety guidelines: assess exposure to potentially unsafe
substances via food and beverage intake (caffeine, heavy metals,
pesticides)

Federal nutrition programs: plan, evaluate, update
Assess diet quality of participants in federal nutrition programs
Develop and update meals provided in food assistance programs

130 Ahluwalia et al.



caffeine, trans fatty acids, saturated fat, and sodium (63).
NHANES dietary data can be linked to blood concentrations
and other biomarkers of disease collected in the survey to
describe the diet-disease paradigm and to develop hypothe-
ses for future research (14).

Assessing dietary behaviors. The USDA ERS has used the
NHANES dietary data to examine diet quality by food
source in relation to the DGA, to examine the impact of eat-
ing out on diet quality, and to simulate the nutritional and
health outcomes of pricing strategies. Dietary intake data
and the USDA’s Food Patterns Equivalents Database have
also been used to assess diet quality in relation to food prep-
aration at or away from home (66).

Food Intakes Converted to Retail Commodities Data-
bases and commodity consumption. The Food Intakes Con-
verted to Retail Commodities Databases were jointly developed
by the USDA’s Agricultural Research Service and ERS and pro-
vide data for foods consumed in the national dietary intake
surveys at the retail commodity level, whereby the survey foods
are converted into retail-level commodities (67). The ERS has
used NHANES 1999–2000 and 2001–2002 data to examine
commodity consumption by household income, age and sex,
body weight status, race and ethnicity, and education attain-
ment as well as by the location where foods were eaten.

Food safety and regulatory purposes
NHANES dietary data are used by various agencies to develop
and update food labeling and food fortification policies and to
establish and monitor food safety issues related to exposures to
heavy metals, pesticides, and so on via food and beverage con-
sumption. Some of the specific ways dietary data fromNHANES
are used in these respects are described below.

Nutrition facts label. NHANES dietary data were used to
determine the nutrients of public health concern in the
US population for listing on the Nutrition Facts Label.
NHANES 2003–2008 dietary data were also used to propose
the updates for the “Reference Amounts Customarily Con-
sumed” in the US FDA proposed rule for the revision of
Serving Size on the Nutrition Facts label (68).

Monitoring food fortification policies. NHANES dietary
data along with other data (e.g., biomarkers) from NHANES
and other surveys have been instrumental in the development
of food fortification policies that address nutrition gaps and de-
ficiencies (e.g., folic acid, vitamin D). National dietary data
have been used to simulate and forecast fortification strategies
for specific nutrients for the population groups concerned and
to assess associated risks (14, 69). They are also used for track-
ing the associated effects on nutrient intake and status in the
US population and subgroups of interest who are at risk of
lacking or having an excessive intake of such nutrients.

Exposure assessment. The NHANES dietary and nutritional
data are critical for quantitative risk assessments of exposures,

not only to food constituents but other sources of relevance to
human health, by regulatory agencies such as the FDA for pro-
grammatic decisions and regulations development (8, 10).
NHANES dietary data are also used to monitor the food and
nutrient intakes of the US population to evaluate the dietary
exposure and examine food safety issues (e.g., arsenic). Dietary
data from NHANES are also useful for updating the food list
(Market Basket) in the Total Diet Study to reflect the current
food intake patterns of the US population (70).

Assessing diet quality in federal nutrition assistance
programs
The USDA’s Food and Nutrition Service and the Center for
Nutrition Policy and Promotion use NHANES dietary data
to assess the diet quality of program participants, set pro-
gram benefits, and evaluate the content of benefit packages.

To assess the diet quality of participants in the Supplemental
Nutritional Assistance Program (formerly the Food Stamp Pro-
gram), the National School Lunch Program, and the Special
Supplemental Nutrition Program forWomen, Infants, and Chil-
dren, the Food andNutrition Service uses NHANES dietary data
to compare nutrient intakes, food choices, and the diet quality of
program participants with those of income-eligible nonpartici-
pants and higher income individuals. In addition, nutrient in-
takes of participants are compared with the DRI to assess the
adequacy of nutrient intakes. NHANES dietary data assist the
Food and Nutrition Service in the review of nutritional content
of packages from the Special Supplemental Nutrition Program
forWomen, Infants, and Children to meet the needs of the pop-
ulation served (71). NHANES food and nutrient intake data
were used along with intake data collected through USDA’s
School Nutrition Dietary Assessment Study III to develop
meal pattern changes in the National School Lunch Program
and the School Breakfast Program.

Conclusions
NHANES has been a key source of comprehensive nutrition
data at the national level for nearly half a century. It is a
broad multipurpose survey on the nutrition and health of
Americans. A major strength of NHANES over the years
has been the use of a combination of different dietary
methods, along with anthropometric measures and bio-
markers to assess nutritional status and to lessen bias or
measurement error in estimates.

NHANES planners strive to continuously evaluate and
balance various NHANES components and assessment tools
used to improve monitoring of nutrition and overall health.
NHANES has a flexible design that allows changes to its
components to address emerging public health issues, and
the methods used in the survey are periodically evaluated
to keep the survey updated with market trends, scientific
advances, and to include new tools and techniques that
become available while balancing respondent burden, feasi-
bility, validity, and cost. Among the newer techniques are the
AMPMmethod and measurements such as DXA and sagittal
abdominal diameter. These changes were made taking into
consideration the logistics of the complex design of NHANES
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to gather national-level data that require a high response
rate. Although NHANES is flexible enough to adapt to
emerging needs and updated technologies and develop-
ments in assessment methods, it must evaluate and reach
balanced decisions on when and how to incorporate such
changes so that trends over time using NHANES data
can continue to be obtained. Validation and crossover stud-
ies are conducted before initiating such changes in proto-
cols; these are documented on the NHANES website (14).

NHANES data have been important for population-
based nutrition surveillance, and NHANES dietary data
have served many purposes in nutrition monitoring, in-
forming nutrition policy, and assessing associations between
nutrition and health. However, NHANES dietary data are
neither intended nor suitable for all purposes, especially
for assessment at the individual level. The issues related to
individual-level dietary assessment compared with population-
level estimates are critical, and their understanding is essential
to the use and correct interpretation of dietary intake findings
from NHANES.

In conclusion, NHANES is a large multipurpose cross-
sectional survey that provides comprehensive data on var-
ious aspects \of nutrition and health. Like any other broad
epidemiologic survey, NHANES data have their strengths
and limitations. The survey’s design must be kept in mind
when analyzing the data, including an understanding of its
strengths and limitations, so that appropriate conclusions
are reached. NHANES data have served as and remain an
important cornerstone for nutrition monitoring in the
United States.

Acknowledgments
We thank Margaret McDowell, Division of Nutrition Re-
search Coordination, NIH, and Ronette Briefel, Mathematica
Policy Research, Washington, DC, for their critical review
of the manuscript in its earlier stages. We also thank Jaime
Gahche, Division of Health and Nutrition Examination Sur-
vey, National Center for Health Statistics, CDC, for her re-
view and comments on the dietary supplements section
and Kevin Dodd, NCI, NIH, for review and advice on the an-
alytical considerations section. All authors read and approved
the final manuscript.

References
1. Wright JD, Borrud LG, McDowell MA, Wang CY, Radimer K, Johnson

CL. Nutrition assessment in the National Health and Nutrition Exam-
ination Survey 1999–2002. J Am Diet Assoc 2007;107:822–9.

2. Briefel RR, McDowell M. Nutrition Monitoring in the United States.
In: Erdman JJ, MacDonald I, Zeisel S, editors. Present knowledge in
nutrition. Oxford (United Kingdom): Blackwell; 2012. p. 1082–109.

3. Dodd KW, Guenther PM, Freedman LS, Subar AF, Kipnis V, Midthune
D, Tooze JA, Krebs-Smith SM. Statistical methods for estimating usual
intake of nutrients and foods: a review of the theory. J Am Diet Assoc
2006;106:1640–50.

4. Nusser SM, Carriquiry AL, Dodd KW, Fuller WA. A semiparametric
transformation approach to estimating usual daily intake distributions.
J Am Stat Assoc 1996;91:1440–9.

5. Institute of Medicine. Dietary Reference Intakes: applications in dietary
assessment. Washington (DC): National Academies Press; 2000.

6. Krebs-Smith SM, Guenther PM, Subar AF, Kirkpatrick SI, Dodd KW.
Americans do not meet federal dietary recommendations. J Nutr
2010;140:1832–8.

7. Tian N, Zhang Z, Loustalot F, Yang Q, Cogswell ME. Sodium and po-
tassium intakes among US infants and preschool children, 2003–2010.
Am J Clin Nutr 2013;98:1113–22.

8. Dwyer J, Picciano MF, Raiten DJ; Members of the Steering Committee,
National Health and Nutrition Examination Survey. Estimation of
usual intakes: What We Eat in America–NHANES. J Nutr 2003;133:
609S–23S.

9. Zipf G, Chiappa M, Porter K, Ostchega Y, Lewis B, Dostal J. The Na-
tional Health and Nutrition Examination Survey: plan and operations,
1999–2010. Vital Health Stat 1 2013;56:1–37.

10. Woteki CE. Integrated NHANES: uses in national policy. J Nutr 2003;
133:582S–4S.

11. Dwyer J, Ellwood K, Leader NP, Moshfegh AJ, Johnson CL. Integration
of the Continuing Survey of Food Intakes by Individuals and the Na-
tional Health and Nutrition Examination Survey. J Am Diet Assoc
2001;101:1142–3.

12. Johnson CL, Dohrmann SM, Burt VL, Mohadjer LK. National Health
and Nutrition Examination Survey: sample design, 2011–2014. Vital
Health Stat 2 2014;162:1–33.

13. Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszon-Moran
D, Dohrmann SM, Curtin LR. National Health and Nutrition Examina-
tion Survey: analytic guidelines, 1999–2010. Vital Health Stat 2 2013;
161:1–24.

14. National Center for Health Statistics. National Health and Nutrition
Examination Survey [Internet]. [cited 2015 Jan 30]. Available from:
http://www.cdc.gov/nchs/nhanes/about_nhanes.htm.

15. Ahluwalia N, Herrick K, Paulose-Ram R, Johnson C. Data needs for
B-24 and beyond: NHANES data relevant for nutrition surveillance
of infants and young children. Am J Clin Nutr 2014;99:747S–54S.

16. Sarafrazi N, Hughes JP, Borrud L, Burt V, Paulose-Ram R. Perception of
weight status in U.S. children and adolescents aged 8–15 years, 2005–
2012. NCHS Data Brief 2014;158:1–7.

17. Kahn HS, Gu Q, Bullard KM, Freedman DS, Ahluwalia N, Ogden CL.
Population distribution of the sagittal abdominal diameter (SAD) from
a representative sample of US adults: comparison of SAD, waist cir-
cumference and body mass index for identifying dysglycemia. PLoS
One 2014;9:e108707.

18. National Center for Health Statistics. National Health and Nutrition
Examination Survey 1999–2014: survey content brochure [Internet].
[cited 2015 Jan 30]. Available from: http://www.cdc.gov/nchs/data/nha-
nes/survey_content_99_14.pdf.

19. Briefel RR, Sempos CT. Dietary methodology workshop for the third
National Health and Nutrition Examination Survey. March 1986. Vital
Health Stat 4 1992;27:1–108.

20. Berdainer C, Dwyer J, Feldman EB. Handbook of nutrition and food.
New York: CRC Press; 2008.

21. Gibson R. Principles of nutritional assessment. 2nd ed. Oxford (United
Kingdom): Oxford University Press; 2005.

22. Willett W. Nutritional epidemiology. 2nd ed. New York: Oxford Uni-
versity Press; 1998.

23. Wright JD, Ervin B, Briefel RR, editors. Consensus Workshop on Die-
tary Assessment: Nutrition Monitoring and Tracking the Year 2000 Ob-
jectives. Hyattsville (MD): National Center for Health Statistics; 1994.

24. Webb D, Leahy MM, Milner JA, Allison DB, Dodd KW, Gaine PC,
Matthews RA, Schneeman BO, Tucker KL, Young SS. Strategies to
optimize the impact of nutritional surveys and epidemiological stud-
ies. Adv Nutr 2013;4:545–7.

25. Raper N, Perloff B, Ingwersen L, Steinfeldt L, Anand J. An overview of
USDA’s dietary intake data system. J Food Compos Anal 2004;17:545–
55.

26. Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler
WV, Paul DR, Sebastian RS, Kuczynski KJ, Ingwersen LA, et al. The
US Department of Agriculture Automated Multiple-Pass Method re-
duces bias in the collection of energy intakes. Am J Clin Nutr 2008;
88:324–32.

132 Ahluwalia et al.



27. USDA Agricultural Research Service. Food and nutrient data base
for dietary studies [Internet]. [cited 2015 Jan 30]. Available from:
http://www.ars.usda.gov/Services/docs.htm?docid=12085.

28. USDA Agricultural Research Service. USDA national nutrient database
for standard reference [Internet]. [cited 2015 Jan 30]. Available from:
http://www.ars.usda.gov/Services/docs.htm?docid=8964.

29. US Department of Health and Human Services. Dietary guidelines[Internet].
[cited 2015 Jan 30]. Available from: http://www.health.gov/dietaryguidelines/.

30. Grandjean AC. Dietary intake data collection: challenges and limita-
tions. Nutr Rev 2012;70(Suppl 2):S101–4.

31. Ferrari P, Slimani N, Ciampi A, Trichopoulou A, Naska A, Lauria C,
Veglia F, Bueno-de-Mesquita HB, Ocké MC, Brustad M, et al. Evalua-
tion of under- and overreporting of energy intake in the 24-hour diet
recalls in the European Prospective Investigation into Cancer and Nu-
trition (EPIC). Public Health Nutr 2002;5:1329–45.

32. Subar AF, Kipnis V, Troiano RP, Midthune D, Schoeller DA, Bingham S,
Sharbaugh CO, Trabulsi J, Runswick S, Ballard-Barbash R, 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;158:1–13.

33. Briefel RR, Sempos CT, McDowell MA, Chien S, Alaimo K. Dietary
methods research in the third National Health and Nutrition Examina-
tion Survey: underreporting of energy intake. Am J Clin Nutr 1997;65:
1203S–9S.

34. Archer E, Hand GA, Blair SN. Validity of U.S. nutritional surveillance:
National Health and Nutrition Examination Survey caloric energy in-
take data, 1971–2010. PLoS One 2013;8:e76632.

35. National Cancer Institute, NIH. Accounting for measurement error
in dietary intake data. [Internet]. [cited 2015 Jan 30]. Available from:
http://appliedresearch.cancer.gov/measurementerror/mews_webinar1.pdf.

36. Kroke A, Klipstein-Grobusch K, Voss S, Möseneder J, Thielecke F,
Noack R, Boeing H. Validation of a self-administered food-frequency
questionnaire administered in the European Prospective Investigation
into Cancer and Nutrition (EPIC) Study: comparison of energy, pro-
tein, and macronutrient intakes estimated with the doubly labeled wa-
ter, urinary nitrogen, and repeated 24-h dietary recall methods. Am J
Clin Nutr 1999;70:439–47.

37. Murphy SP, Guenther PM, Kretsch MJ. Using the dietary reference in-
takes to assess intakes of groups: pitfalls to avoid. J Am Diet Assoc 2006;
106:1550–3.

38. Satija A, Yu E, Willett WC, Hu FB. Understanding nutritional epidemi-
ology and its role in policy. Adv Nutr 2015;6:5–18.

39. Andreyeva T, Long MW, Henderson KE, Grode GM. Trying to lose
weight: diet strategies among Americans with overweight or obesity
in 1996 and 2003. J Am Diet Assoc 2010;110:535–42.

40. Rhodes DG, Murayi T, Clemens JC, Baer DJ, Sebastian RS, Moshfegh
AJ. The USDA Automated Multiple-Pass Method accurately assesses
population sodium intakes. Am J Clin Nutr 2013;97:958–64.

41. Lankester J, Perry S, Parsonnet J. Comparison of two methods—
regression predictive model and intake shift model—for adjusting
self-reported dietary recall of total energy intake of populations.
Front Public Health 2014;2:249.

42. Freedman LS, Commins JM, Moler JE, Arab L, Baer DJ, Kipnis V,
Midthune D, Moshfegh AJ, Neuhouser ML, Prentice RL, et al. Pooled
results from 5 validation studies of dietary self-report instruments us-
ing recovery biomarkers for energy and protein intake. Am J Epide-
miol 2014;180:172–88.

43. Hébert JR, Hurley TG, Steck SE, Miller DR, Tabung FK, Peterson KE,
Kushi LH, Frongillo EA. Considering the value of dietary assessment
data in informing nutrition-related health policy. Adv Nutr 2014;5:
447–55.

44. Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE,
Fulton J, Hebert JR. The effect of social desirability and social ap-
proval on self-reports of physical activity. Am J Epidemiol 2005;
161:389–98.

45. Beaton GH, Milner J, Corey P, McGuire V, Cousins M, Stewart E, de
Ramos M, Hewitt D, Grambsch PV, Kassim N, et al. Sources of variance
in 24-hour dietary recall data: implications for nutrition study design
and interpretation. Am J Clin Nutr 1979;32:2546–59.

46. Livingstone MB, Robson PJ, Wallace JM. Issues in dietary intake assess-
ment of children and adolescents. Br J Nutr 2004;92(Suppl 2):S213–22.

47. Kirkpatrick SI, Subar AF, Douglass D, Zimmerman TP, Thompson FE,
Kahle LL, George SM, Dodd KW, Potischman N. Performance of the
Automated Self-Administered 24-hour Recall relative to a measure of
true intakes and to an interviewer-administered 24-h recall. Am J
Clin Nutr 2014;100:233–40.

48. Thompson FE, Dixit-Joshi S, Potischman N, Dodd KW, Kirkpatrick SI,
Kushi LH, Alexander GL, Coleman LA, Zimmerman TP, Sundaram
ME, et al. Comparison of interviewer-administered and automated
self-administered 24-hour dietary recalls in 3 diverse integrated health
systems. Am J Epidemiol 2015;181:970–8.

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

50. Tooze JA, Midthune D, Dodd KW, Freedman LS, Krebs-Smith SM,
Subar AF, Guenther PM, Carroll RJ, Kipnis V. A new statistical method
for estimating the usual intake of episodically consumed foods with ap-
plication to their distribution. J Am Diet Assoc 2006;106:1575–87.

51. Murphy SP. Practice paper of the American Dietetic Association: using
the Dietary Reference Intakes. J Am Diet Assoc 2011;111:762–70.

52. Jahns L, Arab L, Carriquiry A, Popkin BM. The use of external within-
person variance estimates to adjust nutrient intake distributions over
time and across populations. Public Health Nutr 2005;8:69–76.

53. Souverein OW, Dekkers AL, Geelen A, Haubrock J, de Vries JH, Ocké
MC, Harttig U, Boeing H, van ’t Veer P. EFCOVAL Consortium: com-
paring four methods to estimate usual intake distributions. Eur J Clin
Nutr 2011;65(Suppl 1):S92–101.

54. Carroll RJ, Midthune D, Subar AF, Shumakovich M, Freedman LS,
Thompson FE, Kipnis V. Taking advantage of the strengths of 2 differ-
ent dietary assessment instruments to improve intake estimates for nu-
tritional epidemiology. Am J Epidemiol 2012;175:340–7.

55. Carroll RJ, Ruppert D, Stefanski LA, Crainiceanu CM. Measurement er-
ror in nonlinear models: a modern perspective. 2nd ed. Boca Raton
(FL): Chapman & Hall/CRC; 2006.

56. Freedman LS, Schatzkin A, Midthune D, Kipnis V. Dealing with dietary
measurement error in nutritional cohort studies. J Natl Cancer Inst
2011;103:1086–92.

57. National Center for Health Statistics. Advanced dietary analyses[Inter-
net]. [cited 2015 Feb 9]. Available from: http://www.cdc.gov/nchs/tutorials/
dietary/advanced/index.htm.

58. Guenther PM, Casavale KO, Reedy J, Kirkpatrick SI, Hiza HA, Kuczynski
KJ, Kahle LL, Krebs-Smith SM. Update of the Healthy Eating Index:
HEI-2010. J Acad Nutr Diet 2013;113:569–80.

59. Guenther PM, Reedy J, Krebs-Smith SM. Development of the Healthy
Eating Index–2005. J Am Diet Assoc 2008;108:1896–901.

60. USDA Agriculture Research Service. What We Eat in America usual
intake data tables [Internet]. [cited 2015 Feb 9]. Available from:
http://www.ars.usda.gov/Services/docs.htm?docid=22659.

61. National Research Council Subcommittee on Criteria for Dietary Eval-
uation. Nutrient adequacy: assessment using food consumption sur-
veys. Washington (DC): National Academies Press; 1986.

62. Freedman LS, Guenther PM, Krebs-Smith SM, Dodd KW, Midthune D.
A population’s distribution of Healthy Eating Index–2005 component
scores can be estimated when more than one 24-hour recall is available.
J Nutr 2010;140:1529–34.

63. USDA Center for Nutrition Promotion and Policy. Dietary Guide-
lines for Americans [Internet]. [cited 2015 Sep 6]. Available from:
http://www.cnpp.usda.gov/DietaryGuidelines.

64. National Center for Health Statistics, CDC. NHANES National
Youth Fitness Study [Internet]. [cited 2015 Apr 7]. Available from:
http://www.cdc.gov/nchs/nnyfs.htm.

65. Koh HK, Blakey CR, Roper AY. Healthy People 2020: a report card on
the health of the nation. JAMA 2014;311:2475–6.

66. USDA Economics Research Service. The demand for food away from
home: full-service or fast food? [Internet]. [cited 2015 Sep 2]. Available
from: http://www.ers.usda.gov/publications/aer-agricultural-economic-
report/aer829.aspx.

NHANES dietary data, analysis, and uses 133



67. USDA Economics Research Service. Commodity consumption by popu-
lation characteristics: documentation [Internet]. [cited 2015 Feb 9].
Available from: http://www.ers.usda.gov/data-products/commodity-
consumption-by-population-characteristics/documentation.aspx.

68. FDA. Factsheet on the new proposed nutrition facts label [Internet].
[cited 2015 Feb 9]. Available from: http://www.fda.gov/Food/Guidance
Regulation/GuidanceDocumentsRegulatoryInformation/Labeling
Nutrition/ucm387533.htm.

69. Dwyer JT, Woteki C, Bailey R, Britten P, Carriquiry A, Gaine PC, Miller
D, Moshfegh A, Murphy MM, Smith Edge M. Fortification: new find-
ings and implications. Nutr Rev 2014;72:127–41.

70. FDA. Total Diet Study [Internet]. [cited 2015 Feb 9]. Available from:
http://www.fda.gov/Food/FoodScienceResearch/TotalDietStudy/default.htm.

71. USDA Food and Nutrition Service. WIC food packages: time for a
change [Internet]. [cited 2015 Feb 9]. Available from: http://www.fns.
usda.gov/wic-food-packages-time-change.

134 Ahluwalia et al.


