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Overweight and obesity are pressing public health problems and development of these 

conditions is linked to the earliest life stages. 1 These early life stages include infancy 

(0 through 11 months) and toddlerhood (12 through 23 months),1 collectively referred to 

as birth to 24 months (B-24). Systematic reviews from the Pregnancy and Birth to 24 

Months (P/B-24) Project found that risk of childhood obesity is associated with the types 

of foods introduced during the complementary feeding period,2,3 which begins at about age 

six months when complementary foods and beverages are first introduced and continues 

to age 24 months as children transition to family foods.4 There is mounting evidence that 

the dietary patterns established during complementary feeding are not only associated with 

current and future weight status2,3,5 and health outcomes,6 but also associated with diet 

quality in later life stages. For example, intake of fruits, vegetables, and sugar sweetened 

beverages, during infancy are associated with fruit and vegetable7 and sugar sweetened 

beverage8 intakes at age six. Additionally, risk for childhood obesity may begin even before 

solid foods are introduced, as breastfeeding is also associated with childhood indicators of 

higher diet quality and reduced risk of obesity.9–11

In recognition that infant and toddler nutrition can influence diet quality and health 

outcomes throughout the lifespan, the Dietary Guidelines for Americans (DGA), 2020–2025 
for the first time included comprehensive dietary recommendations for birth to 24 months 

of age (B-24) and established dietary patterns for the second year of life.1 This latest 

edition of the DGA emphasizes that “every bite counts” at every life stage. In contrast to 

the popular but not evidence-based rhyme, “food before one is just for fun”,12 this new 

and evidence-based mantra that “every bite counts” highlights the importance of every bite, 

especially as feeding and eating behaviors are introduced and learned during early life 

stages.
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Since every bite counts, the field of infant and toddler nutrition now faces a challenge: How 

do we count (measure) every bite?

Given the need to measure the new DGA recommendations for infants and toddlers, a 

new dietary assessment work group, described below, was formed. The purpose of this 

commentary paper by National Collaborative for Childhood Obesity Research (NCCOR) 

colleagues is to propose a process for identifying measurement gaps and to provide research 

recommendations for closing those gaps.

Formation of the NCCOR B-24 Diet Assessment Work Group

The evaluation of interventions, nutrition education tools, dietetics practices, and policy 

changes that are designed to improve B-24 dietary patterns is contingent on precise 

collection and analysis of dietary data. Measurement has been a focus of the National 

Collaborative for Childhood Obesity Research (NCCOR) for over a decade, beginning with 

its emphasis on developing tools such as the NCCOR Measures Registry and Measures 

Registry Learning Suite.13,14 NCCOR brings together the four leading funders of childhood 

obesity research: the Centers for Disease Control and Prevention (CDC), the National 

Institutes of Health (NIH), the Robert Wood Johnson Foundation (RWJF), and the U.S. 

Department of Agriculture (USDA). With participation from each of these four leaders, 

NCCOR represents a partnership that continually assesses the needs in childhood obesity 

research, develops joint projects to address gaps and make strategic advancements, and 

works together to generate synergetic ideas to reduce childhood obesity.15

In response to the 2020–2025 DGA and the 2020–2030 Strategic Plan for NIH Nutrition 

Research,1,16 a new NCCOR B-24 Diet Assessment Work Group was formed in March 2021 

and met bi-weekly for one year to identify existing measurement tools and methods, as well 

as potential gaps in these areas. The work group is comprised of thirteen members from 

multiple agencies, including: USDA Food and Nutrition Service (Center for Nutrition Policy 

and Promotion and Office of Policy Support), CDC (Division of Nutrition, Physical Activity, 

and Obesity), National Institutes of Health (National Cancer Institute; Eunice Kennedy 
Shriver National Institute of Child Health and Human Development) and was facilitated by 

FHI360. The work group’s long-term goal is to identify research gaps to spur innovative 

research for the development of new measurement tools and methods that can be used 

to generate data to inform future iterations of the B-24 dietary guidelines. This work is 

intended to complement existing federal funding initiatives focused on nutrition in young 

children less than five years of age.17,18

To identify the most effective ways to inform future B-24 dietary guidelines, the work group 

reviewed the “Future Directions” in the Scientific Report of the 2020 Dietary Guidelines 

Advisory Committee.4 Given work group members’ expertise in assessment methods and 

surveillance systems, the following Future Directions from the Committee were selected to 

anchor the work: “1) Improve dietary assessment methods that can more accurately estimate 

energy intakes feasible for use in federal surveillance and monitoring; and 2) Implement 

surveillance systems to gather more information about the contextual aspects of food and 

beverage intake, such as the frequency and/or timing of food and beverage consumption.”4
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The USDA and the Department of Health and Human Services (HHS) are mandated to 

jointly publish the DGA every five years, based on the preponderance of current scientific 

and medical knowledge. Therefore, each new edition of the DGA relies on advancements 

made by the nutrition research community to address limitations and gaps in the research. 

The inclusion of infants and toddlers in the 2020–2025 DGA led the group to inventory and 

critically appraise existing tools to assess dietary practices of the B-24 population using one 

2020–2025 DGA recommendation as a case study. The process for identifying measurement 

gaps from the case study is detailed next.

Process for Identifying Measurement Gaps

With a focus on measurement gaps with immediate applications for assessment methods 

and surveillance, the work group developed a process to identify research gaps. First, one 

key recommendation for the B-24 population was selected from the 2020–2025 DGA to 

use as a model for this case study. The guideline selected was the recommendation to 

exclusively feed infants human milk for about the first six months of life, or feed infants 

iron-fortified infant formula when human milk is unavailable.1 Next, a framework was 

created to characterize the full landscape of methods to measure the exclusive human milk/

formula feeding dietary recommendation.

Dietary intake is both multidimensional (i.e., it is a complex, multi-layered exposure 

and behavior) and dynamic (i.e., it varies over time and the life course).19 To 

incorporate multidimensionality and dynamism into the approach, the following layers 

of multidimensionality were considered: who, what, when, where, why, how. These 

layers are important because they synergistically influence the “what” such that the 

overall combination of the who, what, when, where, why, and how describes infant and 

toddler feeding practices. For example, a daycare provider (who) might feed a child 

cooked vegetables (what) at the daycare’s (where) 2 PM snack time (when) based on 

reimbursable meal options (why). However, multidimensional information is not captured 

in all dietary studies, and has not been used consistently to inform dietary guidance. 

Nonetheless, other expert bodies have reviewed the literature and put forward evidence-

based recommendations; for example, Healthy Eating Research provides recommendations 

for not just what but also how to feed infants and toddlers using a responsive parenting 

approach.20

The NCCOR B-24 Work Group identified sample research questions for all layers of 

multidimensionality, including who, what, when, where, why, and how. The sample research 

questions were mapped to existing measurement tools and methods, and measurement 

gaps were recorded. The work group then solicited feedback from the academic research 

community by consulting three experts with knowledge of: lactation/infant nutrition; dietary 

assessment of children in limited resource community settings; innovative technologies for 

dietary measurement (e.g. wearable sensors). Two of the experts are registered dietitians and 

all three hold PhDs in relevant fields and were identified based on their ongoing research 

programs. The experts were consulted to provide feedback on the research questions and 

measurement tools identified in Table 1.
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In the section below, the example of exclusive human milk/formula feeding is used to 

demonstrate the breadth and depth of research needed to advance the knowledge base that 

will inform future iterations of the DGA for the B-24 population. Other researchers may 

wish to replicate the case study and related table for other B-24 recommendations in the 

2020–2025 DGA to identify other areas for innovation.

Case Study: Human Milk/Formula Feeding in the First Six Months of Life

The 2020–2025 DGA provide evidence-based food and beverage recommendations for what 

to eat, reinforced by the central theme that every bite counts. Most dietary data collection 

tools (e.g., 24-hour recalls, food records and dairies, food frequency questionnaires, image-

based dietary assessment) capture what foods are being consumed. Consequently, most 

dietary assessment and analysis methods (e.g., diet quality indices) also evaluate what was 

consumed. These existing tools are rapidly being adapted for use in the B-24 population. 

For example, image-based dietary assessment has been used with infants,21 and toddler 

diet quality indices have been developed and evaluated to measure alignment with the 2020–

2025 DGA.22–24 To characterize the full dietary landscape of B-24 nutrition, existing tools 

could continue to evolve to capture repeated measures of multiple constructs in order to 

address the multidimensionality and dynamism of dietary data.

Supplementary Figure 1 represents a case study on the dietary recommendation to 

exclusively feed infants human milk, or formula when human milk is unavailable, for about 

the first six months of life. Sample research questions related to human milk/formula intake 

are shown for all layers of multidimensionality. Table 1 then pairs these sample research 

questions to existing measurement tools, and identifies measurement gaps and potential 

innovations to fill the gap. In the table, the column “Measurement Tools Available” refers 

to tools that have been validated for use in research; products developed for consumer 

use could be included in the future upon further evaluation for research purposes in the 

B-24 population. The examples provided in the table are not exhaustive across all layers 

of multidimensionality. Importantly, they should not be assumed to be applicable to every 

research question without adaptation for the population under investigation. Further, given 

the sensitivity associated with infant feeding choices, any research conducted should seek 

to embed equity, diversity, and inclusion into each step of the praxis to ensure historically 

omitted communities, cultures, and individuals are provided an equal voice and truthful 

representation in the action, theory, and reflection processes of science as we seek to fulfill 

the objectives of inclusive knowledge and discovery. Since the information in the table was 

based on a case study that used one dietary recommendation, the information is not intended 

to substitute for a comprehensive or systematic literature review; it is provided to spur 

research ideas.

In the “who” layer of multidimensionality, sample questions include: Who is feeding human 

milk or formula to the infant? Who is present during the feeding? (e.g., breastfeeding in 

private vs. in common spaces). Measurement tools available to address these questions 

include tools that assess diet over short time periods (i.e., intake on a given day), such as 

one 24-hour recall; tools that assess diet over longer time periods (i.e., usual frequency), 

such as food frequency questionnaires; and new innovative methods that can assess diet 
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over variable time periods, such as image-based devices. Although it is possible to explore 

these questions with existing tools, there are limitations. In most 24-hour recalls, context-

specific probes are not included to capture who is performing the feeding. However, flexible, 

web-based tools like the National Cancer Institute’s (NCI) Automated Self-Administered 

24-Hour Dietary Assessment Tool (ASA24),25 have the potential to be programmed to 

collect such information. The ASA24 already has multiple modules that researchers can turn 

on or off, including modules to query where meals were eaten (where), whether meals were 

eaten alone or with others (who), television and computer use during meals (how), source of 

foods (where), and the timing of both eating and sleeping (when).26 Though possible, these 

additional modules have the potential to increase the length of time to complete a 24-hour 

dietary recall and could increase respondent burden. Innovative digital technologies have 

been developed to objectively yet passively collect information on dietary intake,27–29 but 

further innovation to address multiple layers of multidimensionality plus adaptation for use 

in the B-24 population is needed.

Overall, across all who, what, when, where, why, and how layers of multidimensionality, 

multiple research questions were identified and matched to existing measurement methods. 

Common measurement limitations included lack of context-specific probes, high respondent 

burden, and being resource (time or money) intensive. Ultimately there was overlap in the 

measurement gaps across several domains, meaning that innovative solutions to address one 

domain (e.g. who) may be transferable to other contexts (e.g. where).

Measurement Research Gaps

An important output from the review of science to inform the DGA is the identification 

and documentation of research gaps and methodological limitations. These gaps and 

limitations form the basis of research recommendations that describe the research, data, 

and methodological advances that are needed to strengthen the body of evidence available 

to inform dietary guidance. These research opportunities speak not only to what to eat for 

good health, but also call for more information on multidimensional layers of dietary intake. 

Experts have identified research gaps to inform future B-24 DGA,4,30 with complementary 

foods, lactation, and frequency of eating noted as research gaps that are currently being 

addressed by an NIH-funded project.30 To complement the existing literature, additional 

B-24 research opportunities that are measurement-specific are presented below.

Limitations for measuring “what” was consumed

Ample tools are available for measuring dietary intake though limitations remain. The 

limitations of self-reported dietary intake data are well documented,31,32 and although 

strategies exist to address issues such as measurement error,32–35 there are also unique 

considerations for the B-24 population.

• Measuring Quantity: It is difficult to measure the quantity of foods consumed 

while adjusting for atypical sources of food waste (e.g. food thrown on floor or 

food stuck in hair). Methods for adjusting for this type of measurement error 

require further exploration.
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• Proxy Reporting: Children’s intakes are reported via a proxy respondent in 

national surveys like the National Health and Nutrition Examination Survey 

(NHANES).36 Proxy reporting may be particularly challenging in situations 

where the distribution of feeding responsibilities is spread across multiple 

caregivers (e.g. daycare staff, nanny, parent, and older sibling) and the impact 

this has on the accuracy of reported foods has not been quantified.

• Biased Reporting: Social desirability bias and other factors lead to energy 

underreporting in dietary surveillance,31 however, both the magnitude and 

direction of misreporting (either under- or over-reporting) remains unknown for 

the B-24 population.

• Usual Intake: Dietary data from national surveys can be used to estimate usual 

intakes.37,38 However, infancy and toddlerhood represent a period characterized 

by the introduction of new foods so the variety, amounts, and textures of foods 

and beverages fluctuate substantially. Therefore, the field would benefit from 

further exploration of whether statistical assumptions for usual intake hold for 

the B-24 population.

• Human Milk Composition: Some surveillance datasets collect substantial 

information on human milk and formula feeding in the first year of life (e.g. 

WIC Infant and Toddler Feeding Practices Study-2)39 while other datasets 

collect considerably less detail (e.g. NHANES).36 Regardless, these databases 

share common limitations related to human milk composition and consumption 

data. Efforts are underway to better understand the biological composition 

of human milk and national food composition databases could be updated 

accordingly.18,40,41

• Biomarkers: Biomarkers can be used to assess specific dietary components 

or used in the calibration and validation of new dietary assessment tools. In 

adults, urine biomarkers are commonly used to assess sodium intake.42 In 

the B-24 population, there is limited research on validation of biomarkers of 

dietary components commonly consumed by B-24 populations; for example, 

using carbon isotope ratios to distinguish between human milk and formula 

consumption.43

• Data Processing: In recognition that current and future research will require large 

amounts of data, it is important to consider the role of data processing and 

advanced analytics. Artificial intelligence (AI) is part of national discussions on 

health and nutrition, and explicitly mentioned under Pillar 5 of the Biden-Harris 

Administration’s National Strategy on Hunger, Nutrition, and Health from the 

White House Conference on Food, Nutrition, Hunger, and Health,44 and in 

the 2020–2030 Strategic Plan for NIH Nutrition Research.16 As AI continues 

to expand, issues of algorithmic bias and social/structural impacts should be 

considered to ensure research progresses with a DEI lens.
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Limitations for measuring other dimensions of diet

• Device Limitations: Innovative device-based measurement tools could capture 

information on the context surrounding dietary intake. Devices for this age group 

are in early stages of development,21,45 but further research is needed to evaluate 

their safety, accuracy, and validity in diverse populations. Additionally, not all 

tools are publicly available.

• Multidimensionality: Infant and toddler feeding practices are multidimensional. 

Understanding why caregivers make certain feeding decisions may require 

new evaluation metrics or more qualitative research that centers on the lived 

experiences of caregivers.

• Dynamism: Infant and toddler diets change frequently and are rarely static 

during this time of rapid growth and development. Tools that can be easily 

adapted to age and developmental stage, and administered to collect repeated 

measures, are needed to address the dynamic nature of B-24 diets and related 

growth patterns.

Research Opportunities

The NCCOR B-24 Diet Assessment Work Group brought together diverse thought leaders 

from federal agencies (CDC, NIH, USDA) and academic research (three expert consultants), 

to identify opportunities to spur research in B-24 dietary assessment. In addition to the 

measurement research gaps listed above, the group identified five opportunities and themes:

1. Include and prioritize the B-24 population in research relevant to the DGA. 
A recent workshop and associated paper highlighted implementation of the 

2020–2025 DGA, including opportunities and approaches to improve adoption 

of the DGA recommendations.46 However, the opportunities and approaches 

presented did not target B-24 caregivers,46 demonstrating the need for more 

implementation research for B-24 dietary recommendations. Similarly, recent 

reviews on the state of the science for technology tools for dietary assessment did 

not address the unique technological considerations for infants and toddlers,47 

though new device-based measurements can add to the body of literature that 

informs B-24 dietary recommendations.

2. Develop a national research agenda to prioritize B-24 research topics. 
National research agendas have been successfully developed for nutrition topics 

like healthy food retail.48 A coordinated national plan for B-24 research could 

rank various measurement questions, and prioritize measurement research in the 

context of broader B-24 initiatives.

3. Collate a library of B-24 dietary assessment resources. Collating a library 

of survey questions, food frequency questionnaires, diet quality indices, and 

other tools for B-24 dietary assessment would serve as a resource to researchers. 

Currently, researchers can search the NCCOR Measures Registry using search 

filters for various ages of children including 2–5, 6–11, 12–18 years.13 Short 

instruments (e.g. screeners, survey questions) are available in the NCI’s Register 
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of Validated Short Dietary Assessment Instruments.49 In the future, these 

registers can be expanded to include the B-24 population. Additionally, resources 

that provide rubrics for assessing strengths and weaknesses of tools, and 

guidance for selecting an appropriate tool based on the research question,33 can 

be similarly revised to include specific guidance for the B-24 population.

4. Forge diverse and interdisciplinary research collaborations. The nutrition and 

engineering disciplines have collaborated to engineer age-appropriate devices 

for studying infant feeding, such as instrumented bottles,45 and have creatively 

re-engineered existing tools such as image-based mobile food records to be 

suitable for use in infants.21 Future research at the intersection of nutrition, 

marketing, and behavioral sciences could conduct user-testing research on the 

new instruments to obtain design and usability feedback from B-24 caregivers. 

Nutrition, statistics, and other disciplines can collaborate to evaluate the validity 

and reliability of the new devices’ measurements of dietary intake across diverse 

populations and settings. Overall, characterizing multidimensional layers of 

infant and toddler dietary intakes will require continuing to break with historical 

research silos and collaborate across disciplines.

5. Recognize that everyone has a role to play. In addition to the interdisciplinary 

research collaborations mentioned above, it is also important to recognize the 

value of inter-agency and applied work. Funding agencies such as CDC, NIH, 

RWJF, and USDA can develop unique yet complementary funding proposals 

that support the research necessary to advance the knowledge base for future 

iterations of the B-24 DGA. Pediatric dietetic professionals can provide expertise 

across all layers of infant and toddler dietary intake, including not just “what” 

infants and toddlers should eat but also the how’s and why’s of feeding, to help 

overcome the logistic obstacles in measurement. End users (e.g. B-24 caregivers) 

can be involved in all phases of the research process to inform a more equitable 

approach grounded in lived experiences,50 especially as the field moves towards 

more multidimensional and dynamic contexts for dietary intake.

Conclusions

The development of dietary guidelines for the B-24 population emphasized 

recommendations based on the scientific evidence that every bite counts at every life 

stage and that food before one is not just for fun. However, there are many caveats 

for comprehensive assessment of the multidimensional and dynamic dietary intakes of 

infants and toddlers. Research gaps specific to B-24 dietary assessment methods were 

identified and summarized as: measurement error, proxy reporting, biased reporting, usual 

intake estimations, human milk composition, lack of biomarkers, device limitations, data 

processing developments, and the complexity of multidimensional and dynamic dietary 

patterns. The overlap in measurement gaps across several layers of multidimensionality 

(who, what, when, where, why, how) highlights an opportunity for innovative solutions in 

one area (e.g. who) to be transferable to other contexts (e.g. where). As B-24 research 

continues, five opportunities are: include and prioritize a diverse B-24 population in research 
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relevant to the DGA; develop a national research agenda to prioritize and rank B-24 

questions and research topics; collate a library of B-24 dietary assessment resources; forge 

diverse and interdisciplinary research collaborations; and recognize that everyone can help. 

Each stakeholder has a unique role to play in advancing B-24 dietary assessment. With 

widespread collaboration, it is possible to not only make every bite count, but also to count 

every bite.
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