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Abstract

National dietary surveillance produces dietary intake data used for various
purposes including development and evaluation of national policies in food
and nutrition. Since 2000,WhatWe Eat in America, the dietary component
of the National Health and Nutrition Examination Survey, has collected di-
etary data and reported on the dietary intake of the US population. Contin-
ual innovations are required to improve methods of data collection, quality,
and relevance. This review article evaluates the strengths and limitations of
current and newer methods in national dietary data collection, underscoring
the use of technology and emerging technology applications. We offer four
objectives for national dietary surveillance that serve as guiding principles in
the evaluation. Moving forward, national dietary surveillance must take ad-
vantage of new technologies for their potential in enhanced efficiency and
objectivity in data operations while continuing to collect accurate dietary
information that is standardized, validated, and publicly transparent.
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1. INTRODUCTION

National food intake assessment of the US population is essential for informing and evaluating
national policies in food and nutrition (31). To ensure that policies are rational and effective re-
quires an evidence-based approach dependent on the availability of accurate, comprehensive, and
timely data (47). The US Food and Drug Administration relied on the dietary data in the update
of the Nutrition Facts food label (95). The Dietary Reference Intakes development also relied on
national dietary data, as did the most recent Dietary Guidelines for Americans (DGA), 2020–2025
(91). Additional policy uses are provided in Table 1.

National dietary surveillance is a contributing factor in critical policies and is used for many
different purposes; therefore, it requires continual innovations to improve the methods of data
collection, quality, and relevance. National surveillance, although based on assessment of individ-
uals, is designed to assess intakes representative of population groups and subgroups. It requires a
sample representative of the US population, including individuals of all ages from diverse racial,
ethnic, and socioeconomic backgrounds. The eating behaviors of a population must also be con-
sidered in surveillance design.

This review article critically evaluates the strengths and limitations of current and newer meth-
ods in national dietary data collection, underscoring the use of technology and emerging technol-
ogy applications.We offer four objectives for national dietary surveillance, as detailed inTable 2.
These foremost objectives serve as guiding principles in the evaluation.

2. FOOD INTAKE ASSESSMENT OF THE US POPULATION

National food consumption surveys conducted by the US Department of Agriculture (USDA)
since 1935 (80) were integrated with the US Department of Health and Human Services’
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Table 1 Select federal policies informed by US national dietary data

Policy Department Purpose
Federal regulations
Nutrition Facts label serving
sizes

US Food and Drug
Administration
(FDA)

Nutrition information on food packages includes serving sizes that
are required by law to be based on the amount of a food or
beverage that people typically consume during one eating or
drinking occasion, known as Reference Amounts Customarily
Consumed. The nutrient information on the label is based on the
serving size (95).

Folic acid fortification of
enriched grain products

FDA Cereal grain products labeled as enriched (breads, pastas, rice, and
cereals) are required to be fortified with 140 µg of folic acid per
100 g of flour as a public health intervention to prevent pregnancies
affected by and babies born with neural tube defects (94).

Exposure assessment from
pesticides in food

US Environmental
Protection Agency

Assessing exposure of pesticide residues from the foods eaten is part
of regulating pesticides to ensure that their use does not pose
unreasonable risks to human health or the environment and that
exposure to pesticide residues in food is safe (93).

Nutrition-related programs
Thrifty Food Plan (TFP) US Department of

Agriculture (USDA)
TFP specifies categories and amounts of foods necessary to provide

adequate nutrition, serving as the basis for Supplemental Nutrition
Assistance Program allotments (90).

Special Supplemental Nutrition
Program for Women, Infants,
and Children (WIC) food
packages

USDA WIC food packages provide supplemental foods designed to meet
special nutritional needs of low-income pregnant, breastfeeding,
and nonbreastfeeding postpartum women; infants; and children
(89).

Nutrition recommendations
Dietary Guidelines for
Americans (DGA)

USDA and US
Department of
Health and Human
Services (HHS)

DGA, 2020–2025 provides recommendations for a healthy diet from
infancy to older adulthood and is used to develop federal food,
nutrition, and health policies and programs (91).

Healthy People 2030 nutrition
and healthy eating objectives

HHS This initiative provides 27 objectives to improve health by promoting
healthy eating and making nutritious foods available (92).

Dietary reference intakes Food and Nutrition
Board, National
Academy ofMedicine

Dietary reference values for the intakes of nutrients are used for
planning and assessing diets applicable to healthy individuals in the
United States and Canada (37).

National Health and Nutrition Examination Survey (NHANES) in 2000 to form What We Eat
in America (WWEIA), the dietary intake component of the NHANES (2). The NHANES col-
lects two 24-h dietary recalls, the first in person (Day 1) and the second by telephone (Day 2),
on a yearly representative sample of approximately 5,000 individuals who reside in households.

Table 2 Foremost objectives essential for national dietary surveillance

Objective Description
1 Capturing eating behaviors of a diverse population with a standardized validated method
2 Compelling respondent participation to collect accurate dietary information
3 Ensuring transparency of a dietary database that supports collection
4 Guaranteeing timely data that are publicly available
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Automated Multiple-Pass Method
Five-step, 24-h dietary recall

Food and Nutrient Database for Dietary Studies
Application database for AMPM

COLLECTION OF DIETARY INTAKE

DATA PROCESSING AND REVIEW

DATABASE

WWEIA, NHANES
dietary data files

PUBLIC DATA RELEASE

Step
1. Quick List
2. Forgotten Foods List    
3. Time and Occasion         
4. Detail and Review          

5. Final Probe

Purpose
Collect foods consumed in prior 24 h
Probe for additional foods frequently forgotten
Collect time eaten and eating occasion name for each food
Collect description, amount, source, and if eaten
at home for each food; review each occasion and 
between occasions
Provide final opportunity to recall foods   

Program
Post Interview Processing System

SurveyNet

Purpose
Automated coding
(~60% of reported foods)

Manual coding (remaining foods)
Compute nutrient values
Data review

Purpose
Converts food portions to gram amounts
Determines nutrient values

Content
Food codes and descriptions
For each food:
 • Nutrient profile and nutrient source
 • Portions and their gram amounts
 • WWEIA Food Category number and description

Figure 1

WWEIA, NHANES components: from collection of dietary intake to public data release. Abbreviations: AMPM, Automated
Multiple-Pass Method; NHANES, National Health and Nutrition Examination Survey; WWEIA,What We Eat in America.

Additionally, demographic, socioeconomic, medical, dental, laboratory, and other health-related
data are collected. The NHANES data are publicly released in two-year cycles.

Assessing dietary intake requires collecting accurate information on the consumption of foods
and beverages. Foods and beverages are hereafter referred to as foods. Additionally, the amount
consumed must be combined with a specific nutrient profile to calculate nutrient intakes. The
components used in WWEIA, NHANES to collect and process dietary data and to publicly re-
lease data files are detailed in Figure 1. The dietary collection method used is the USDA Auto-
matedMultiple-PassMethod (AMPM). Foodmodels aid respondents in estimating food amounts.
Three-dimensional measuring guides are used for Day 1, and the USDA Food Model Booklet,
which contains two-dimensional drawings comparable to the measuring guides, is used for Day 2
(56). The AMPM companion component, the USDA Food and Nutrient Database for Dietary
Studies (FNDDS) (86), contains data to convert foods and their amounts reported in the AMPM
into gram amounts and determine their nutrient values.

The AMPM and FNDDS are interrelated. AMPM questions and response options are the
basis for the foods and their portion options in the FNDDS. These two more recognized compo-
nents are augmented by a data processing and review component. Tasks undertaken after dietary
collection is completed or during postcollection include food and amount coding, nutrient intake
computation, and data review. Food and amount coding is accomplished by an automated pro-
gram and a manual program. Once coding is completed, nutrient values are computed, and data
are reviewed and prepared for release.
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Table 3 What We Eat in America, National Health and Nutrition Examination Survey components: strengths, limita-
tions, and technology applications

Component Strengths Limitations Technology applications
Collection of dietary intake
Automated Multiple-Pass
Method (AMPM)

Standardized and validated
protocol

Effective administration
Detailed intake data

Respondent burden
Limited availability
Delay in data release

Automated instrument
programmed in Blaise®

Structured multipath interview
progression

Streamlined food pathway
questions

Interactive data integrity checks
Database
Food and Nutrient
Database for Dietary
Studies

Designed to support the AMPM
Transparent public availability
Linked to additional variables

Generic food information
Limited updates
Currency and quality of

composition values

Increased transparency
Multiple formats for analysis

Data processing and review
Post Interview Processing
System and SurveyNet

Automated coding
Supports manual coding and data
review

Not integrated within the
AMPM

Time consuming

Computerized systems for
automated and manual
coding and data review

3. AUTOMATED MULTIPLE-PASS METHOD

The AMPM is a five-step dietary interview that includes multiple passes during which respon-
dents receive cues to help them remember and describe foods they consumed through the 24 h of
the previous day. Figure 1 illustrates the five-step multiple-pass method used in the interviewer-
administered AMPM (64). The purpose of each step is briefly described in the figure. The AMPM
also includes multiple memory cues with standardized wording within the steps to elicit recall of
all possible foods.

The AMPM is a research-based approach designed to encourage complete and accurate food
recall and to reduce respondent burden. This dietary recall program has been successfully used
to collect more than 140,000 dietary recalls in WWEIA, NHANES for the past 20 years. The
AMPM and related components have been adapted and utilized by research organizations within
the United States and globally.

3.1. Strengths of the Automated Multiple-Pass Method

The current strengths, limitations, and technology applications of the AMPM are highlighted in
Table 3.

3.1.1. Standardized and validated protocol. The AMPMprovides a structured interview with
standardized questions that accomplish the five-step and multiple-pass methodology.The AMPM
also has unstructured opportunities for respondents to use individual strategies to remember
and report foods (9, 50). Standardized questions to substantiate food descriptions and determine
amounts consumed are structured in more than 130 pathways grouped by similar foods. Select
pathways are reviewed and food detail and amount questions are updated to keep pace with food
supply changes and to ease respondent burden.However, the five-step and multiple-pass method-
ology remains unchanged, as it must be maintained in a continuous surveillance system such as
that of the NHANES. An updated version of the AMPM is launched at the beginning of each
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2-year survey cycle of the NHANES. In addition to the standardization, the AMPM has been
validated using biomarkers for energy (8, 53) and sodium (66); results show it reduces bias.

The AMPM design aids collection of food details across a diverse population and changing
food environment. One aspect of our changing food environment that creates challenges in as-
sessing dietary intakes is that the instances of eating away from home have doubled in the past four
decades (69). In 2017–2018, half of individuals reported eating at least one food or beverage from
a restaurant, accounting for one-fourth of mean daily energy intake (84). When a respondent is
uncertain or does not know a food, a variety of options are available to the interviewer that provide
standardized text for capturing details about the food. This uncertainty occurs in situations such
as when a respondent did not prepare the food or consumed the food at a restaurant or at other
peoples’ homes. Standardization is a hallmark of the AMPM, particularly for national surveillance
of individuals with diverse backgrounds and food experiences.

3.1.2. Effective administration. Administration of the AMPM is designed for an interviewer
to be able to lead respondents effectively through the standardized interview and assures that the
protocol is followed. Interviewer administration allows for collection from respondents at all ages
and levels of literacy. Therefore, no technology literacy or reliable access to internet service is
required by the respondent.

The AMPM is adaptable for the interview mode to be successfully administered either in per-
son or by telephone.Dietary recalls inWWEIA,NHANES are conducted in person in theMobile
Examination Center for Day 1 and by telephone 3–10 days later for Day 2. Research shows no
difference in mean daily energy intakes of adults between the in-person or telephone administra-
tion of the AMPM (75). Effective administration by telephone allowed the NHANES to relaunch
data collection during the fall of 2021 after being paused since March 2020 due to the coronavirus
disease 2019 pandemic. The relaunch included collection of both dietary recalls by telephone.

The AMPM is also adaptable for the interviewer’s background. While a requirement of the
NHANES is that dietary interviewers are nutritionists, this is not a requirement of administering
the AMPM. The AMPM has been administered successfully by lay interviewers and conducted
in the home. DiGrande et al. (20) assessed the feasibility of administering the AMPM in partici-
pants’ homes by lay interviewers compared with nutritionists. In addition, three types of portion
estimation were tested: food models such as those used in the NHANES, the USDA Food Model
Booklet, and an emerging technology in which food model images are rendered via augmented
reality (AR) in a tablet. Although there was little difference observed in the AMPM data collected,
the tablet was unnecessarily complicated, particularly when engaging with older adults who may
not be accustomed to tablet use or AR. The authors believe that AR technology needs to advance
before large-scale use.

3.1.3. Detailed intake data. The extensive details collected beyond the type and amount of
food yield a more complete assessment on eating patterns and behaviors of the population. These
details include the following: if the food was eaten at home, the source (where the food was ob-
tained), and the time and name of the eating occasions, as well as any additions to a food and the
noting of combinations of foods consumed together. WWEIA data have been used to illustrate
emerging patterns that have implications for health, including adult late-night eating associated
with overall daily intakes higher in energy and lower in nutrient density (72) and the rising im-
portance of convenience stores as a source of dietary intakes for both children and adults (51, 52).
Other details related to dietary patterns are also collected following the 24-h dietary recall but
within the AMPM interview, including whether the person’s intake on the previous day was usual
or unusual, the source of tap water consumed, the use of salt, special diet use, and the frequency
of fish and shellfish consumption during the past 30 days.
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The DGA, 2020–2025 (91) recommends that all sources of a nutrient or food component,
whether from food or a dietary supplement, be considered when assessing an individual’s dietary
pattern. Since 1999, theNHANEShas collected data on participants’ use of dietary supplements in
the past 30 days during the household interview. Since 2007, data have been collected on the use of
dietary supplements as well as nonprescription antacids as part of the dietary interview component
directly following the dietary recall. While not part of the AMPM, dietary supplement use data
are collected and released in the NHANES dietary interview component.

3.2. Limitations of the Automated Multiple-Pass Method

The current limitations of the AMPM indicate challenges in advancing national dietary surveil-
lance. Technology applications provide opportunities for advancement.

3.2.1. Respondent burden. The AMPM method results in an interview that averages 14 re-
ported foods and beverages and takes 20–30 min to administer (on the basis of dietary recalls
collected in WWEIA, NHANES 2017–2018). Keeping pace with the food supply and decreasing
respondent burden have been continual priorities in updating AMPM food question pathways
during the NHANES over the past 20 years. The number of questions asked per respondent
about details of foods has decreased by an estimated 9% between the 2007–2008 and 2017–2018
WWEIA, NHANES. Using burgers as an example, in the 2007–2008 WWEIA, up to 16 ques-
tions were asked in the AMPM about the burger compared with up to 8 questions asked in the
2017–2018 WWEIA. Similar reductions in questions were made for other types of sandwiches, a
food that is reported by approximately half of adults on any given day (71).

It is important that reducing respondent burden continues to be optimized to support the goal
of compelling respondent participation. Studies of other 24-h dietary recall tools have identified a
concise food list and the capture of fewer food descriptors as ameans of decreasing both participant
burden and the effort required in coding and data handling without sacrificing nutrient intake
estimates (24, 99). Ongoing evaluation and modernizing of these options without sacrificing data
quality will continue as a priority of the USDA.

3.2.2. Limited availability. The AMPM was written using Blaise® (Blaise version 4.5, 2001).
Blaise is an off-the-shelf programming language first developed in the 1980s and designed for
authoring computer-assisted data collection instruments including many preprogrammed func-
tions that simplified the programming (64). Used in large-scale survey data collection in locations
around the globe, Blaise offers numerous capabilities needed for a dietary recall questionnaire.
These capabilities were optimized in the AMPM design (74). However, the complex program
structure of the AMPM does not easily allow for public availability. To make the AMPM and its
related data processing and training programs available to the research community, the USDA has
established collaborations with numerous federal agencies and research organizations within the
United States and internationally. In the future, priority must be given to exploring options for
making collection features such as questions and response options publicly available.

3.2.3. Delay in data release. The 2-year cycle of dietary intake data fromWWEIA,NHANES
is publicly released an average of 18 months postcollection. This delay from collection to public
release is a limitation. In part, the delay is due to typical survey tasks that come at the end of a
large-scale survey such as the NHANES. These tasks include finalizing field operations, con-
structing sample weights, and data quality review. However, a major factor contributing to the lag
in the dietary data release is the task of applying the nutrient values to reported intakes, a process
that is completed postcollection in WWEIA. The design of the AMPM for use in the continuous
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NHANES was optimized to maximize time efficiency in conducting the dietary recall. This
priority and the computer operational capacity at the time limited the AMPM program design to
automatically apply nutrient values to reported foods and their amounts. Thus, programs were
developed to code and apply nutrient values from the FNDDS to intake data collected in the
AMPM; these programs are detailed in Figure 1 within the data processing and review tasks.

3.3. Data Processing and Review

Linkage of food consumption data as collected in the AMPM to FNDDSdata is performed outside
of data collection with the AMPM. This linkage uses external software programs for automated
(Post Interview Processing System) and manual coding (SurveyNet) developed specifically for use
with the AMPM.

Automated coding of food data is accomplished as a data matching process between the food
questions and response values reported in the AMPM and data in an autocode pathways database.
A program applies the autocode pathways to food intake records (5). If an exact match is found,
then the food is automatically assigned the FNDDS code. Automated coding was initiated with
WWEIA,NHANES 2004, yielding automatic coding of approximately 45%of foods and amounts
reported by respondents. The percentage has increased over time, with approximately 60% of
foods and amounts automatically coded in WWEIA, NHANES 2017–2018.

Foods and amounts that are not automatically coded are manually matched to a food code that
requires review and manual entry by trained staff. The manual coding system includes numerous
automated food lookup features to enhance efficiency. Manual coding of WWEIA data is esti-
mated to take approximately 1 h per dietary recall, significantly less time than that reported by
other research (18).

Many computer-assisted 24-h dietary recall programs have incorporated this linkage capability
within the collection program (28), and such linkage within the AMPM instrument is desirable.
Koroušić Seljak et al. (44) reported detailed food descriptions in the food composition database as
the most relevant requirement for efficient computer-based food matching. The FNDDS already
meets that requirement, and many AMPMquestions are designed to match a food in the FNDDS.
The task that remains is to incorporate matching the food data in the FNDDS with reported
intake data within the AMPM.However, the ability to collect unknown foods is a key component
of the AMPM.Development of machine learning algorithms or other automated technology that
applies predictivemodeling needs to be evaluated for systematically handling unknown or unfound
foods during dietary data collection. The challenge will be addressing the diversity of data from
unknown food reports and establishing a proper learning algorithm that will produce expected
outcomes with accuracy (16, 70).

4. FOOD AND NUTRIENT DATABASE FOR DIETARY STUDIES

Nutrient databases also provide critical tools for developing effective government policies to pro-
mote healthy diets and a nutritionally healthy food supply. Combined with national dietary sur-
veys, nutrient databases provide estimates of the nutrients consumed by populations. Additionally,
nutrient databases support the development and monitoring of policies addressing the nutrient
composition of the food supply (47). The FNDDS is an application database created for analyz-
ing dietary intakes fromWWEIA,NHANES. It contains data to convert foods and their amounts
reported in the AMPM into gram amounts and determine their nutrient values, as highlighted
in Figure 1. FNDDS 2017–2018 (86), developed specifically for use with WWEIA, NHANES
2017–2018, contains food codes and their descriptions as well as portion weights and nutrient
profiles.
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4.1. Source of Nutrient Values

Each FNDDS food code contains nutrient values per 100 g of edible portion for 65 nutrients;
there are no missing values. For FNDDS 2017–2018, the source for most nutrient values is the
USDA FoodData Central (FDC) system, launched in April 2019 (85). The FDC is an integrated
data system that presently provides—in one place—five distinct types of data containing informa-
tion on food and nutrient profiles. Each data type has a unique purpose. The most current version
of the FNDDS is part of FDC. The other two well-established data types are Standard Refer-
ence (SR) Legacy and the USDA Global Branded Food Products Database (Branded Foods). SR
Legacy provides nutrient values derived from analyses, calculations, and published literature for
7,793 foods. Released in April 2018, it is the final release of this data type and will not be up-
dated. Branded Foods is a public-private partnership whose goal is to enhance the open sharing of
nutrient data that appear on branded and private-label foods. Updated monthly, Branded Foods
contains almost 370,000 items.

The FDC also includes two new data types—Foundation Foods (FF) and Experimental Foods.
The FF data type concentrates on the variability of the raw foods in the US food supply; the em-
phasis is on the analysis of individual samples of foods rather than composites. The result is a focus
on fewer foods but a dramatic increase in the amount of data for each food (27). The Experimental
Foods data type contains foods produced, acquired, or studied under unique conditions.

Data for approximately 2,300 items in SR Legacy and 45 items in FF were used to determine
the nutrient values for the 7,083 foods and beverages in FNDDS 2017–2018. Approximately one-
third of the FNDDS codes are a direct match to a single FDC code from either data set. The
nutrient profiles for most foods and beverages in the FNDDS were generated using a recipe
calculation process (62). In addition to selecting the appropriate ingredients and proportions
for each recipe, nutrient retention and moisture change factors may be applied. The retention
factor (88) adjusts the levels of 16 vitamins and eight minerals because of cooking preparation
method. Moisture change factor accounts for how much moisture a food will lose or gain during
cooking.

4.2. Strengths of the Food and Nutrient Database for Dietary Studies

The current strengths, limitations, and applications of technology of the FNDDS, the application
database for the AMPM, are highlighted in Table 3.

4.2.1. Database to support the Automated Multiple-Pass Method. The AMPM and
FNDDS are interrelated; both are critical components of national surveillance. AMPM ques-
tions and response options are the basis for the foods and their portion weights in the FNDDS.
Since FNDDS codes are linked to pathways in the AMPM, updates to both are coordinated.
The nutrient values reflect an average value for a generic representation of foods, as consumed
by the US population. Food codes, when applicable, consider salt and fat used in preparation or
processing.

Accurate estimation of food amount consumed is important.During the 24-h dietary recall, re-
spondents in WWEIA, NHANES estimate the amount consumed using three-dimensional mea-
suring guides on Day 1 and the USDA Food Model Booklet on Day 2. Respondents also report
common amounts such as a medium-sized chicken breast, two slices of bread, or one piece of
candy. The measuring guides and common amounts reported in the AMPM necessitate approxi-
mately 33,000 portion weights for converting foods collected in the AMPM into grams.This wide
variety of weights in the AMPM and FNDDS allows for efficient collection and coding of food
amounts reported in WWEIA. In addition, a criterion necessary for national surveillance is the
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ability to quickly code both food items and portions when specific details are not available. The
FNDDS includes defaults of “Not Further Specified” for foods and “Quantity Not Specified” for
portions.

4.2.2. Transparent public availability. One important purpose of the FNDDS is to provide
transparent and easy access to the information used to determine the nutrient profiles for foods
that are consumed by respondents in WWEIA, NHANES. A new version of the FNDDS
is developed for each 2-year survey cycle and made publicly available on the Food Surveys
Research Group website (86). The complete FNDDS is available in both SAS® and Microsoft
Access® formats for download; selected variables provide quick viewing in Microsoft Excel file
format.

To increase the transparency of the development of nutrient profiles, characterization of each
ingredient nutrient value obtained from FDCwas added.This includes the source of each nutrient
value, how the value was derived, and the year of determination. Some FDC items were modified
or corrected for inclusion in the FNDDS; the source for the modified nutrient value is provided.

4.2.3. Linkage to additional variables. The FNDDS can readily be linked to variables beyond
traditional nutrients useful in evaluating adherence with dietary guidance messages and in study-
ing associations between diet and health (55). The USDA’s Food Patterns Equivalents Database
(FPED) (87), a unique research tool to evaluate food and beverage intakes of Americans compared
with recommendations of the DGA, converts foods and beverages in the FNDDS to 37 food pat-
tern components. Analysis of foods and beverages as consumed in the American diet is enhanced
with the WWEIA Food Categories (65), which link each FNDDS code to one WWEIA Food
Category. The focus of this categorization system is on grouping together foods and beverages
that have similar usage and nutrient content, with the emphasis on how foods and beverages are
commonly consumed in the American diet.TheWWEIA Food Category number and description
are included as variables in the FNDDS to support search capabilities.

Both the FPED and theWWEIA Food Categories have been applied in a wide variety of anal-
yses of dietary intake by researchers and by the DGA (91). Additionally, the process used to create
the Thrifty Food Plan, 2021 relied on WWEIA Food Categories and FPED components (90).
Although the FNDDS does not contain data on bioactive compounds or potentially harmful food
components such as pesticides or contaminants, it is possible to link FNDDS codes to external
databases. A flavonoid database (83) provides values for 29 flavonoids for USDA survey foods and
beverages for 2007–2010.

4.3. Limitations of the Food and Nutrient Database for Dietary Studies

The current limitations of the FNDDS indicate challenges in advancing national dietary surveil-
lance. Technology applications provide opportunities for advancement.

4.3.1. Generic food information. Since the AMPM and FNDDS are designed for national
surveillance of the US population, the FNDDS was developed to generate approximations of
the likely nutrient composition of foods and beverages as consumed by respondents in WWEIA,
NHANES. The considerable increase in the number of commercial foods available at supermar-
kets, the rapid and frequent changes in formulations, and the wide range of restaurant foods do
not allow for a quick estimate of the comprehensive intake of a population. To limit participant
burden and to account for potential knowledge gaps in the ability to provide specific details about
foods, the FNDDS reflects average values for a generic representation of foods and beverages as
consumed by the US population.
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4.3.2. Limited updates. Although a new version of the FNDDS is released for every 2-year
survey cycle of the NHANES, the continuous nature of the NHANES and the resources needed
to plan for future survey cycles while collecting data for present cycles and disseminating data
for completed cycles have limited extensive updates. Beginning with the 2013–2014 survey cycle,
selected pathways in the AMPM along with the corresponding FNDDS codes were completely
revised. This modernization increased for successive cycles and included strategies for timely de-
velopment for updating the FNDDS. The process involved minimizing specific food descriptions
and consolidating foods intomore generic codes that reflect likely products.This update increased
efficiency by expanding the number of foods collected in the AMPM that were coded by an auto-
mated program.

Progress has also been made in reducing the number of food codes reported no more than
one time in a 2-year survey cycle. In FNDDS 2007–2008 there were 3,200 codes reported no
more than one time. For FNDDS 2017–2018 this decreased to 2,700 codes, with an additional
1,000 codes dropped for FNDDS 2019–2020. A resource file details every discontinued code,
the rationale for discontinuation, and, if appropriate, a link to a new FNDDS code (1). This file
supports researchers conducting trend analysis. Plans are to accelerate the process to delete rarely
reported foods and concentrate resources on reviewing highly reported foods.

4.3.3. Availability of composition values. National nutrient intake data are constrained by the
completeness and accuracy of the food composition values available. Reference databases include
analyses of representative foods and provide values that are correct at one point in time. The
massive increase in the number of prepared and proprietary food products available as well as
rapid and frequent changes in formulations or recipes have made it impossible to analytically
determine the composition of all, or even the most important, foods in the food system. Cost
is also an issue when analysis for a complete set of nutrients for one food can exceed $50,000
(27). Even when nutrient values are determined by calculation or imputed from similar foods, the
maintenance and continual updating of food composition information within a national database
is an expensive process (73).

As FDC, the new USDA data system, continues to develop and the amount of FF data in-
creases, it is necessary to rely on SR Legacy for nutrient values. Although the FNDDS utilizes
approximately 2,300 SR Legacy codes and 45 FF codes to develop nutrient profiles, only 600 ac-
count for 95% of dietary intake reports inWWEIA,NHANES 2017–2018.These top FDC codes
include items such as water, milk, oils, butter, margarines, cheese, eggs, flour, onion, and tomato,
items linked to both a single FNDDS code and utilized as ingredients for recipe calculations. A
review of the currency of the nutrient values of the top 600 codes for two nutrients of public health
concern—saturated fat and calcium—indicate that 50% and 41% of the values for saturated fat
and calcium, respectively, list values from the years 2010–2019. Approximately 22% of the values
for both nutrients were from the year 1999 or earlier. FF provides the date the item was acquired
for analysis; SR Legacy, retired in 2018, indicates the date each nutrient value was added or last
modified. These dates are also included in the FNDDS files.

Every food code in the FNDDS includes a value for each of the 65 nutrients included in the
dietary data release of WWEIA, NHANES. Since the beginning of the continuous NHANES,
four additional nutrients have been released: vitamin E, added; vitamin D; vitamin B12, added; and
choline. Limitations and gaps in FDC need to be considered for coverage of all nutrients. Each
of the data types in FDC has unique characteristics and a range of nutrient values. For updating
FNDDS 2017–2018, assumptions were made to estimate missing values in FF or to update SR
Legacy values. Addressing these limitations and gaps will be critical for future updates to the
FNDDS; therefore, populating missing or outdated nutrient values using algorithms and model
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calculations must be considered. Given that resources are always limited, more creative efforts to
enhance our nutrition databases are needed (47). However, as databases become more complex
and data continue to become more available, the focus must be on technology.

The availability of food composition data and the projected cost lead to consideration of critical
nutrients for national surveillance. It is unclear if data for all nutrients reported in WWEIA are
necessary for nutrition monitoring and what other nutrients might be important. Looking to the
future, selections must be made considering specific nutrients for which there are identified needs
on the basis of policy and research priorities. Accuracy and reliability of analytic procedures for
the nutrient must also be considered.

5. EMERGING TECHNOLOGY APPLICATIONS
IN DIETARY ASSESSMENT

Technology applications incorporated within the AMPM and FNDDS have been elaborated. The
development and application of new technologies for dietary assessment both nationally and inter-
nationally have been reviewed and summarized (4, 11, 13, 16, 19, 22, 28, 30, 36, 78). There are sev-
eral new technologies that can be categorized according to technology type, including web-based
assessment tools and apps, cameras or image-based tools, and other technologies such as wearable
sensors (22).This section focuses on these innovations as they relate toUS dietary surveillance and
specifically the ability to meet the foremost objectives essential for national dietary surveillance as
detailed in Table 2.

5.1. Web-Based Dietary Assessment

In recent years, expanded use of computers and the internet has prompted the adaptation of au-
tomated dietary data collection software to web-based collection versions. The web-based dietary
assessment tools developed for use in research have typically been tailored to closely match meth-
ods used in interviewer-led automated dietary data collection and are available in theUnited States
as well as other countries such as Canada, the United Kingdom, andGermany (26, 43, 46, 77).The
United Kingdom conducts a continuous cross-sectional national dietary survey and is currently
evaluating the use of a self-administered web-based dietary assessment tool with data collection
that started in 2019 (67). Self-administered web-based dietary assessment tools offer advantages
such as reduction in costs associated with interviewers, flexibility in the time and location of data
collection, and potential for expedited data collection over a large geographic area (77, 78).

A prominent self-administered web-based dietary assessment tool in the United States is the
Automated Self-Administered 24-Hour (ASA24) tool.Developed by theNational Cancer Institute
in 2009, ASA24 is publicly available and has been used by nutrition researchers to collect 630,000
dietary intakes (57). ASA24 has been validated with biomarkers and evaluated against other dietary
measures (42, 58). It is indicated as beingmost appropriate for those 12 years and older with at least
a fifth-grade reading level and who are comfortable using computers, tablets, or mobile devices
(57). ASA24 also provides optional modules to capture information related to dietary intake such
as supplement intake and activities during eating.

ASA24 was designed on the basis of aspects of the AMPM including the multipass approach
and food pathway questions and the FNDDS database for nutrient content of foods. The current
ASA24-2020 uses AMPM 2015–2016 food pathway questions and FNDDS 2015–2016 (57). The
upcoming version, ASA24-2022, will incorporate FNDDS 2017–2018.

ASA24 is a fully autocoded tool; that is, all food entries are automatically coded, and nutrient
calculation is performed within the software. ASA24 allows for the entry of an unfound food;
however, the system then assigns a default code to this item on the basis of a series of follow-up
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questions (101). The researcher can review files to check whether the resulting matches are
appropriate. Although burdensome for the researcher, this aspect of data collection is valuable
and indicates the challenges of achieving total automation in dietary assessment.

One challenge in the adoption of self-administered web-based dietary assessment tools for na-
tional dietary surveillance is usability among a diverse population. Determining how to create a
self-administered web-based program that can be used by all populations and age ranges remains
problematic (28, 78).Web-based assessment methods are better suited for study populations with
higher technological literacy and reliable access to internet service (23). Segments of the popula-
tion, such as older adults, may be less likely to participate or more likely to have difficulty with
web-based dietary data collection (14, 23, 79, 98). Levels of income and education are also related
to the usability of self-administered web-based dietary assessment tools (41, 45, 68).

Overall usability of self-administered web-based dietary assessment tools is of great importance
to compel respondent participation and has not been widely assessed. A review that looked at
the usability of a selection of self-administered web-based tools indicated some common issues
including difficulties in identifying the correct food, issues with navigation within the tool, and
difficulties logging in (28).

Challenges similar to those experiencedwith the AMPMand FNDDS also exist in the adoption
of self-administered web-based dietary assessment tools for national dietary surveillance, specif-
ically the continuous maintenance of the program to reflect changes in food supply and food
behaviors and a background food and nutrient database that is transparent. Although automation
of dietary intake data collection and food coding may be desirable, certain aspects such as the abil-
ity to incorporate foods and portions reported that do not have matches within the database are
desirable to capture eating behaviors of a diverse population.

5.2. Mobile- or App-Based Dietary Assessment

A recent assessment indicated that 30,000 diet and physical activity mobile apps are available on
Google Play and the Apple App Store (40). Selected popular examples include MyFitnessPal and
WW (Weight Watchers Reimagined)®, which have 1.3 and 1.7 million ratings in the Apple App
Store, respectively. These consumer-based apps are very popular for real-time self-tracking with
easy access due to the advantage of portability. Interactive features, such as goal setting, provide
the user with the ability to monitor progress along with dietary intake and may possibly prompt
healthy behavior change (16). Some apps have incorporated additional features including the abil-
ity to scan a product barcode, add in personal recipes or nutrient profiles of unique foods, or link
to fitness-monitoring devices. Basic versions of consumer-based apps are often free to download,
with the option to purchase additional features.

In addition to consumer-based apps, there have also been apps developed for use in nutrition
and health research. These apps have often been developed for use in a specific study or study
population, such as for weight loss, although there are also apps being developed for general as-
sessment of dietary intake (12, 15, 63). Apps developed for nutrition research may provide addi-
tional benefits from a researcher standpoint including identifiable scientific input and validation,
a higher quality background food and nutrient database, and better access to data (40).

Although consumer-based apps are very useful for tracking self-intake and related health
information, they are not appropriate for national dietary surveillance due to the lack of standard-
ized methodology and the lack of transparency in associated food and nutrient databases. Chen
et al. (17) compared 24-h dietary recall data collected on the basis of the AMPM with data from
individuals logging intake in MyFitnessPal and found 18% of food items omitted on average
and significant underestimation of mean energy and macronutrient intake when entered using
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MyFitnessPal. Consumer-based apps may have tens of thousands of foods available for coding;
however, the ability of the user to enter in their own recipes or nutrient profile means there is a
lack of scientific vetting of the assigned nutrient profiles. There are also concerns about the accu-
racy of the nutrient values within the apps, including missing values (33). In addition, there may
be limited access to background nutrient values as well as resulting dietary intake data files (48).

Apps specifically developed for nutrition research may have advantages for use in national di-
etary surveillance, as they have been developed for research purposes. However, challenges still
exist related to compelling respondent participation. Although data entry via apps is flexible in
relation to location and time, when compared with the time needed for traditional dietary recall
interviews, a user will require additional time to learn how to use the specific app and familiarize
themselves with the process of entering foods and navigating the database (12). It also must be
recognized that the amount of time a participant is willing to spend entering dietary data in gen-
eral is limited and may vary by age and other characteristics. For example, adults may be willing
to spend slightly more time entering an assessment than adolescents (14). Apps developed for re-
search purposes require more time for data entry due to the incorporation of prompts and probes
for detailed food data collection, and this additional time is less desirable from a user standpoint.

5.3. Image-Based Dietary Assessment

Cameras, as a component of smartphones, allow an individual to create a dynamic representation
of food consumption via pictures. Approximately 85% of adults aged 18 years or older in the
United States owned a smartphone in 2020, a large increase from the approximately 35% of adults
who owned one in 2011 (60). Digital images have been used in recent years to either assist or
replace data collected for dietary records and 24-h dietary recalls (11). Capturing images can be
either active or passive and can vary in the amount of participation required from the user.

A prominent active image-capturing technique is the Technology Assisted Dietary Assessment
(TADA) system, which includes a mobile food record (mFR) app for collection of the food record
that is then connected to an image-based food and nutrient database system (3).The system design
has been validated using both controlled feeding and community-dwelling studies, and energy ac-
curacy was assessed via doubly labeled water (3, 10). The user captures images of foods via the
camera in a smartphone before and after eating. A critical component for image capture and anal-
ysis is a fiducial marker placed in the image that is a reference for the spatial and color calibration
of the camera and enables both identification of the foods and portion size estimation. The image
must also be captured from a specific angle, and the user is assisted in complying with this re-
quirement by a colored border in the camera display. Along with other metadata, captured images
are then sent to the server, processed, and returned to the user for review and confirmation. The
user can either confirm or change the food identification to a suggested food or search for another
food via a food list. TADA incorporates an expanded version of the FNDDS with the addition of
visual descriptions and other information such as barcode data.

Passive image capturing uses a device that is worn and triggered by human or external sensors.
An example of a passive image-capturing device used in dietary data collection is the SenseCam,
which is a camera worn around the neck that can operate continuously to capture images
approximately every 20 s and is triggered via sensors that detect movement, heat, and light (29).
A study using another automated passive image-capturing system that captured an image every
10 s found that this frequency captured foods at regular meals but that a higher frequency would
be needed to capture items quickly consumed such as snacks or beverages (6). Battery life and
data storage capacity are considerations with passive image capturing as well, when it is necessary
to capture high-quality images consistently throughout the day. Whether an image is taken with
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a smartphone or via a sensor-triggered device, there is still an element of active participation by
the user. Training and the use of a device are required.

The use of image capturing for national dietary surveillance presents multiple challenges re-
lated to the lack of available standardized methodologies, the process of linking images to a food
and nutrient database, and the need to compel respondent participation. Previous studies incor-
porating image-based dietary assessment have typically used smaller samples of select population
groups, and standardized validated methods for this emerging technology are still being devel-
oped (11, 30, 36). For example, Boushey et al. (10) found that energy intake accuracy results for
the TADAmFRwere comparable with traditional dietary records and other image-basedmethods
for a group of 45 adults aged 21–65 years. However, with a mean age of 33 years and a majority
non-Hispanic sample, it is unknown how these results may translate to use by the broader national
population. Although promising, more research is needed in this area on larger and more diverse
populations.

The number of images received in a large-scale survey, particularly if passive image-taking
methods were used, would be overwhelming to attempt to manually code and analyze (36). The
example of an image captured every 10 s corresponds to 8,640 images during a 24-h time frame.
Although images would not need to be captured during sleep, this still corresponds to thousands
of images per user on a given day. To address the burden of image review, technologies such as au-
tomatic image recognition and estimates of volume are being developed, but enhanced algorithms
will be required to further this technology to the point where it can be used for large studies of
populations with varied eating behaviors (25, 35, 96). In addition to automatic image recognition,
an extensive database of food images along with portion data and nutrient profiles is required to
code and analyze reported foods and would need to be continually updated as new products enter
the marketplace (3).

Challenges beyond those traditionally associated with collection of dietary intake data may also
arise with the capturing of images. Although smartphone users would likely be familiar with use of
the camera, time would be needed for training or familiarization with the data collection method.
Depending on the device and mode of image capture, users may have the additional burden of tak-
ing the image and then reviewing the image to ensure that privacy concerns aremet, that is, there is
no sensitive material within the image such as other people or objects, before uploading the image
(36). If needed, the user must also remember to carry with them and use a fiduciary marker when
the image is captured. After the image is uploaded and processed, there may be additional review
required by the user to verify and confirm the food matched either automatically or by research
staff. There may be other unique concerns in addition to the collection of images such as altering
of behavior due to the use or wearing of an image-capturing device. There may also be technical
issues or the prohibition of cameras in some environments such as schools, all of which would
affect respondent participation and the collection of accurate dietary information (39, 59, 100).

5.4. Other Technologies

Along with the web-, app-, and image-based technologies that have been highlighted and dis-
cussed, a variety of other technologies are available. Select examples include sensors, direct mea-
sures of diet quality, and biomarkers.

Use of sensors as a direct measure of eating behavior is an emerging area. Surface pressure
sensors placed on a table can automatically weigh food before, during, and after the eating occasion
(34). Wearable sensors have been developed that detect the movements associated with chewing
and swallowing (97). Multiple aspects of intake can be assessed using sensors; however, no input
regarding type of food consumed is tracked.

www.annualreviews.org • National Food Intake Assessment 415



An example of a technology that has incorporated diet quality metrics within a 24-h dietary
recall collection is the Global Diet Quality Score (GDQS) application (54). GDQS uses a 24-h
dietary recall to collect a list of all foods consumed, automatically classify them into the corre-
sponding GDQS food group, and assess the quantity consumed on the basis of a set of 10 cubes in
a range of predetermined sizes per GDQS food group. The metric is entirely food based, does not
require the use of a food composition table for analysis, and allows for an automated assessment of
healthy diets. However, characteristics of food intake including time, eating occasion, and source
are not assessed.

Dietary biomarkers provide an objective measure of dietary intake. Currently, only a few re-
liable intake biomarkers are known, and these include doubly labeled water for total energy ex-
penditure, 24-h urinary nitrogen for protein, and 24-h urinary sodium for sodium and potassium.
Numerous other biomarkers have been used in research that assess nutrient, food, or food group
intakes (61). Mainly, dietary biomarkers are currently used to assess single nutrients and foods
and do not provide an understanding of eating behaviors in dietary surveillance such as time of
eating and source of food. While biomarkers do overcome inherent limitations in self-reported
dietary intake, they are costly and invasive. There is extensive ongoing work in this field utilizing
multidisciplinary approaches in biomarker development that support precision nutrition (49).

6. APPLICATION OF NUTRIENT DATABASES

The supporting database of foods and beverages and their nutritional composition is integral
to monitoring dietary intake. The nutrient profiles incorporated into the FNDDS have been
sourced from existing USDA food composition databases; supporting documentation is provided
for the source of each nutrient value. However, changes to the development of these databases
along with the expanded availability of branded food data necessitate an evaluation of how food
composition data will be reviewed and included in future national dietary surveillance of the US
population.

6.1. Commercial Databases

Nutrient databases, produced outside the federal government, are available in the United States
for analyzing dietary intakes. For example, the University of Minnesota’s Nutrition Coordinating
Center (82) provides databases, software, training, and services for the collection and analysis of di-
etary data. The food and nutrient database contains approximately 19,000 foods, including brand-
name products and menu items from leading restaurants. Commercial databases do not meet the
guiding principle that data need to be transparent and publicly available; therefore, commercial
databases are not applicable for national dietary surveillance.

6.2. Branded Foods

Food and beverage companies already provide a significant amount of nutrition information in
the form of the Nutrition Facts panel and can transmit this information electronically to their
customers or retail stores (7). Compilation of data provided by manufacturers into a retail prod-
uct database may be faster and cheaper than construction of standard food composition databases
and may provide opportunities to enhance our capacity for capturing the nutritional information
of foods. However, there is still a long way to go if we are to ensure the transparency and accu-
racy of such information (81). Even though the data are available, accessing and combining data
from different data sets is not an easy task. Development of tools and software to assist in data
compilation is a challenge (38).
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Branded Foods is the result of a public-private partnership, whose goal is to enhance pub-
lic health and the open sharing of the nutrient composition of branded and private-label foods
provided by the food industry (85). Branded Foods, containing almost 370,000 items, is part
of the USDA FDC and, therefore, is publicly available for download. The food market is con-
stantly evolving, with products within a single food category having varied nutrient profiles. Use
of branded product data may help to capture this variety of nutrients (76). A UK study identified
that changes in the diet may bemore attributable to product reformulation than to changes in con-
sumer behaviors (32). Thus, it is important to capture dynamic trends in product reformulation.

Incorporating data from a very large source of branded product data may pose unique chal-
lenges as well when a search for a specific product type or name may yield hundreds to thousands
of results (21). An attempt to demonstrate the process of linking FNDDS codes to a private-label
database indicated that considerablemanual reviewwas required to link approximately 5,000 cook-
ies to 111 food codes (76). The researcher burden to link data from a private-label database is
extensive, and machine learning algorithms are required to deliver a practical number of food
items.

Another critical issue for the incorporation of branded product data into the FNDDS is that
label data are generally only inclusive of those nutrients legally required to be present. These
nutrients are not as comprehensive as the list of 65 nutrients and food components incorporated
into each nutrient profile for the approximately 7,000 FNDDS foods and beverages. Label data
provided to Branded Foods often report nutrition information for products as purchased; the
FNDDS calculates nutrition information for foods as consumed. In addition, Branded Foods does
not provide information on the wide range of restaurant foods available in the United States.

While it is increasingly easy to store and transfer large data sets andmake them available online,
it is usually necessary to do a large amount of work to clean and standardize the data before the
data sets can be accurately and usefully combined (38).With large data sets such as Branded Foods,
there is also the risk of overwhelming the respondent.When faced with extensive lists of products,
there is the potential for the user to select the first option that resembles a reported food, rather
than reviewing all the options to select the best match, resulting in user bias.

7. CONCLUSION

National dietary surveillance, the foundation for informing federal nutrition policies and pro-
grams, demands accurate and timely data reflective of a population’s food choices and eating
behavior. Over the past two decades, the USDA’s AMPM and FNDDS have been effective
components in monitoring dietary intakes of the US population. The application of technology
has played critical roles both within the AMPM’s traditional 24-h dietary data collection and in
the translation of collected dietary data to public data release. Emerging technology applications
for dietary assessment are numerous and well established in society. The development of such new
dietary assessment technologies is also a fast-developing field in health research and application.
Moving forward, national dietary surveillance must take advantage of these new technologies for
their potential in enhanced efficiency and objectivity in data operations. For any new technology
to be valuable in dietary surveillance of the diverse US population, it must compel respondents to
collect accurate dietary information. Furthermore, any new dietary assessment technology must
also be standardized, validated, and publicly transparent.
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