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ABSTRACT

The Dietary Guidelines for Americans (DGA) are the cornerstone of
US government efforts to promote health and prevent disease
through diet and nutrition. The DGA currently provides guidelines
for ages =2 y. In an effort to determine the strength of the evidence
to support the inclusion of infants and children from birth to age
24 mo, the partner agencies led by the Department of Health and
Human Services Office of Disease Prevention and Health Promotion
and the USDA Center for Nutrition Program and Policy initiated the
project entitled “Evaluating the evidence base to support the inclu-
sion of infants and children from birth to 24 months of age in the
Dietary Guidelines for Americans—the B-24 Project.” This project
represents the first step in the process of applying systematic re-
views to the process of deciding whether the evidence is sufficient to
include this age group in future editions of the DGA. This supple-
ment includes the B-24 Executive Summary, which describes the
B-24 Project and the deliberations of the 4 working groups during
the process of developing priority topics for the systematic review,
and a research agenda to address the critical gaps. Also included in
this supplement issue is an article on the Nutrition Evidence Library
methodology for developing systematic review questions and articles
from the invited content presenters at the B-24 Prime meeting.
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INTRODUCTION

The Dietary Guidelines for Americans (DGA)* are generated
every 5 y via a partnership between the USDA and the US
Department of Health and Human Services (DHHS). The DGA
is the national nutrition policy that has served as the foundation
for the US government guidance about the important role of diet
in health promotion and disease risk prevention for over 40 vy.
The history of the DGA is shown in Supplemental Table 1
(under “Supplemental data” in the online issue).

The development of the DGA was legislatively mandated with
the passage of the National Nutrition Monitoring and Related
Research Act of 1990 (1), which codified the goal as to, “At least
every 5 years the Secretaries shall publish a report entitled ‘Di-
etary Guidelines for Americans’. Each such report shall contain
nutritional and dietary information and guidelines for the general
public, and shall be promoted by each Federal agency in carrying
out any Federal food, nutrition, or health program.”

Beginning with the first edition in 1980, the DGA focused on
“healthy Americans 2 years and older.” While providing
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essential guidance for consumers, health professionals, nutrition
educators, researchers, and policymakers alike, the omission of
guidance specifically for infants and children from birth to 24 mo
of age has been a topic of discussion throughout the history of
the DGA. Although not specifically addressed, this critical de-
velopmental period has been referred to repeatedly in numerous
editions of the DGA (Table 1).

Because of the importance of nutrition to infant and young
child growth, development, and health, this developmental period
has emerged as a focal point for both domestic and international
attention via programs such as Feed the Future (2) and other
efforts to address the “1000 days” covering pregnancy through
the first 2 y of life (3). The priority placed on this period was
exemplified by the following statement by former Secretary of
State Hillary R Clinton (4), who noted that the nutritional in-
terventions “have the biggest impact when they occur during the
first 1000 days of a child’s existence. That begins with preg-
nancy and continues through a child’s second birthday. In-
terventions after that second birthday make a difference, but
often cannot undo the damage that was done because of the
under-nutrition during the first 1000 days. So we can be very
targeted with our investments to save and improve the greatest
number of lives.” Despite the prominence and significance of the
1000 d in the overall development, a conundrum is presented by
the lack of national guidance for infants and children from
birth to 24 mo. Thus, it becomes a challenge to develop and
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TABLE 1
References to children <2 y in DGA and related documents’

2nd edition DGA (1985): guidance relevant to infants?
* “Infants also have special nutritional needs. Infants should be breast-fed unless there are special problems. The nutrients in human breast milk tend to be
more available than those in cow’s milk. In addition, breast milk serves to transfer immunity to some diseases from the mother to the infant.” (p 4).
* “Normally most babies are not given solid foods until they are 3 to 6 months old. At that time, other foods can be introduced gradually. Prolonged breast-
or bottle-feeding—without solid foods or supplemental iron—can result in iron deficiency.” (p 4).
* “You should not add salt or sugar to the baby’s foods. Infants do not need these inducements if they are really hungry. The foods are nourishing and extra
flavoring with salt and sugar is not necessary.” (p 4).
* “To ensure your infant receives an adequate diet:
o Breastfeed unless there are special problems
o Delay other foods until the infant is 3-6 mo old
0 Do not add salt or sugar to the infant’s food” (p 4).

3rd edition DGA (1990

“The guidelines in this bulletin are not intended for infants. Food and nutrient needs of infants are different from those of older children and adults.” (p 7)

“Mother’s milk is the best food for nearly all infants. It contains the ideal balance of nutrients and other substances to promote growth. It also transfers
immunity to some diseases from the mother to the infant.” (p 7).

“To help prevent tooth decay in newly growing teeth, infants should not use as pacifiers nursing bottles containing any beverage other than water.”

“Babies are generally not given solid foods until they are 4—6 months old. The foods are introduced gradually—no more than one new food each week.
The doctor should advise on how to get adequate iron into the baby’s diet.” (p 7).

“Salt and sugar should not be added to an infant’s food; they are not needed as inducements to eat.” (p 7).

The DGAC recognized some specific needs to be addressed by the DGA including the need to “give attention to special guidance for groups within the
population such as infants, children, and elderly persons” (p 15).

With regard to the audience for the DGA: “Children under 2 years of age are specifically excluded as users of these guidelines because their
nutritional needs and dietary patterns differ from those of older children and adults” (p 20).

“Infants. The Committee specifically excluded children under 2 years of age in developing these guidelines because their nutritional needs
and eating patterns differ from those of older children and adults. However, the Committee wanted to include some dietary advice for this important
part of the population. The text for the variety guideline seemed the best place for the advice. It appears near the front of the bulletin and earlier
editions included some advice about diets of infants here. Also, the concepts in this guideline—meeting nutritional needs and consuming a variety of
foods—are the main factors that distinguish the infant’s diet from diets of older people” (p 22).

“The brief advice on infants’ diets included is consistent with advice from the AAP and the AAPD.” (p 22).

“A caution about using bottles as pacifiers was added because of the increased risk for tooth decay. Infants who use nursing bottles containing milk,
formula, or juice as pacifiers and who breast feed on demand at times other than normal feedings and throughout the evening often develop early,
multiple caries lesions. The AAPD believes that a meaningful portion of the caries observed in young children (12-24 mo of age) is traceable to such
practices. The infant’s need for adequate iron from foods and possibly a supplement as advised by a physician is emphasized.” (p 22).

With regard to the use of dietary guideline regarding fat: “The Committee notes that this guideline is not for children under 2 years,
recognizing that a few over-zealous parents have severely limited their infants’ intakes of fat, thus causing them to fail to thrive. The AAP Committee
on Nutrition recommends against fat reduction for children under 2 years of age” (p 27).

4th edition DGA (1995)*

“Although limiting fat intake may help to prevent excess weight gain in children, fat should not be restricted for children younger than 2 years of age.” (p 27).

7th edition DGA (2010)’: questions and answers
* “Why are the Dietary Guidelines only for ages 2 years and older? The DGA has always focused on adults and children 2 years of age and older. Children

under 2 years of age are not included because their nutritional needs and eating patterns vary by their developmental stage and differ substantially from
those of older children and adults. A separate committee for reviewing nutrition and physical activity needs of pregnant women and children from birth
to 2 years old could be beneficial as it would be made up of scientists and nutrition professionals who are experts in those very specialized topic areas
of infant development and infant feeding practices.”

.

! AAP, American Academy of Pediatrics; AAPD, American Academy of Pediatric Dentistry; DGA, Dietary Guidelines for Americans; DGAC, Dietary
Guidelines Advisory Committee.

2US Department of Agriculture, US Department of Health and Human Services. Dietary Guidelines for Americans, 1985. Washington DC: US
Department of Health and Human Services, US Department of Agriculture, 1985.

JUS Department of Agriculture, US Department of Health and Human Services. Dietary Guidelines for Americans, 1990. Washington DC: US
Department of Health and Human Services, US Department of Agriculture, 1990.

#US Department of Agriculture, US Department of Health and Human Services. Dietary Guidelines for Americans, 1995. Washington DC: US
Department of Health and Human Services, US Department of Agriculture, 1995.

2 US Department of Agriculture, US Department of Health and Human Services. Dietary Guidelines for Americans, 2010. Washington DC: US
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implement US-driven, evidence-based health and nutrition pro-
motion programs focused on this group in other settings.
Aside from the integral and inextricable role of nutrition in all
aspects of human growth, development, and health, an additional
driver for much of this attention has been the emerging evidence
attesting to the importance of early-life exposures to long-term
health and disease prevention. Stimulated to a great extent by the
early work of David Barker (5), this theory has now given birth to

a major area of research focus, referred to as Developmental
Origins of Health and Disease (DOHaD), and has been expanded
to include a range of conditions from obesity (6) to cardiovascular
risk (7) and cancer. Clearly, the role of diet and nutrition in the
prevention of these conditions is at the core of the DGA mission.
Thus, identifying the evidence base and strategies to improve
health and reduce the risk of these diseases as early in life as
feasible is increasingly important.
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As noted above, the past DGA have alluded to the birth-to—24-mo
age group (Table 1). Although most of those references were
limited to the exclusion of this group, limited advice was offered
in some editions. For example, the fourth edition (1995) noted
that guidance to limit total fat intake did not apply to children
under the age of 2 y. Throughout its history, there was always
recognition of the special needs of this group. A major imped-
iment to inclusion in a comprehensive manner was the limited
evidence to support specific guidance. As a result of the bur-
geoning body of new evidence about diet and health in this age
group, the time may be right to consider including infants and
children <2y in the DGA. The challenge is to identify questions
for which this new evidence would be sufficient to support
a rigorous evaluation.

The confluence of increased public/global health attention and
the emerging evidence has created an opportunity to more fully
explore what we know and do not know about the importance of
diet and nutrition during the first 24 mo of life. The DGA process
is ideally suited to exploit such an opportunity. As a result of the
efforts within the partner agencies to explore how best to proceed,
the DHHS Office of Disease Prevention and Health Promotion
and the USDA Center for Nutrition Program and Policy initiated
the project entitled “Evaluating the evidence base to support the
inclusion of infants and children from birth to 24 months of age
in the Dietary Guidelines for Americans—the B-24 Project” that
is the focus of this article. The intent is to use this project as
a scientific foundation to support the inclusion of infants and
children from birth to 24 mo in future iterations of the DGA
beginning with the 2020 edition.

PROJECT DESCRIPTION

The goal of the B-24 Project is to inform the process that will
eventually lead to the integration of infants and children from
birth to 24 mo into future iterations of the DGA. This phase of the
process is intended to identify the key topics and questions that
will eventually be the focus of systematic reviews conducted by
the USDA Nutrition Evidence Library (NEL). As highlighted in
Supplemental Table 1 (under “Supplemental data” in the online
issue), the application of the systematic review process by the
NEL is still relatively new. The topics and systematic review
questions identified as part of this project will serve as the basis
for future phases of the NEL’s DGA efforts, including the
conduct of systematic reviews to inform the development of
federal dietary guidance for infants and children from birth to 24
mo. The B-24 Project represents the first time the NEL has used
a topic nomination and refinement process involving the input
from technical working groups (WGs). The description of the
NEL process is included in this supplement issue (8).

This first phase of the project was designed to better understand
the nature of evidence available to inform eventual birth-to—24-mo
dietary guidance. Concerns have been raised both in terms of the
quantity [ie, number of well-designed randomized controlled
trials (RCTs)] and quality (eg, inclusion of relevant variables) of
data that can be evaluated systematically (9, 10). Consequently,
part of the B-24 process included an effort to capture an appre-
ciation of all the relevant types of data that might be of use to the
NEL as well as to itemize data needs, both in terms of the ability
to exploit more fruitfully existing data sources and the identifi-
cation of new types of data not currently available.
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An additional and critical element of the B-24 Project is the
development of a targeted research agenda to address outstanding
gaps in our understanding of diet and health relations as they
pertain to this population group. Because the DGA are targeted
public health messages, they are focused at a population level.
Clearly, there is a range of important issues relevant to the
nutritional care and management of individual infants and chil-
dren. Although the DGA is not intended to address such issues, the
B-24 Project was designed to capture those issues both in terms of
the research needs and those for which there is sufficient evidence
to support systematic reviews by agencies/organizations with
a more clinical focus. Such agencies might include the Academy
of Nutrition and Dietetics and the American Academy of Pe-
diatrics (AAP). Moreover, because of the universal need for
evidence-based guidelines, a need exists to explore many of these
same issues in support of the development of guidelines for global
health. As the lead agency for development of global health
guidance, the WHO was also included as part of this first phase of
the B-24 process.

STRUCTURE

The B-24 Project was organized to maximize input from key
stakeholders. To accomplish this goal, a 3-tiered committee
structure was developed. A conceptualization of the working
relations between these 3 entities is provided in Figure 1.

PROCESS

The steps involved in the implementation of the B-24
process and the committee descriptions are outlined in Table
2. In addition to the recruitment of the 3 core groups, the
process included a series of meetings and conference calls
with a core Federal Steering Committee (FSC) to ensure that
the process stayed on track and met the needs of the partner
agencies. To support the work of the thematic WG, 2 tech-
nical workshops were held. The first, the “All Hands Meet-
ing,” was intended to bring all of the B-24 participants
together and to ensure clarity of the mission and to establish
a time frame for actualizing the project plan. After a series
of conference calls with each WG, a second content-focused
“B-24 Prime” workshop was held.

NEXT STEPS

The process described above constitutes the first phase of
a larger project designed to develop dietary guidance for the
birth—24-mo population. The ultimate goal is for the 2020

FIGURE 1. B-24 committee structure. FSC, Federal Steering Committee;
WG, working group; WPC, Workshop Planning Committee.
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TABLE 2
The B-24 process’
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* FSC: Identify members from relevant agencies within the DHHS/USDA. This included a “core FSC” with representation from the DHHS/USDA responsible

for actual implementation of the B-24 plan.

* WPC: The FSC identified candidates for the chair and membership to represent the relevant content areas and agency needs regarding DGA development.
* WG: The WPC in consultation with the FSC identified candidates for WG chairs.

* WG chairs: Identified candidates for their respective WGs.

* NICHD Secretariat in consultation with FSC, WPC, and WG chairs recruited WG members.
* October 2012: “All Hands Meeting” to ensure all participants were clear about the goals of the B-24 and the NEL methodologies.
* WG conference calls: Designed to coalesce the list of topics that could be supported by the NEL systematic review process, data needs, and research gaps for

each WG.
* February 2013: “B-24 Prime” workshop to

o Allow each WG the opportunity to hear the results of the deliberations of the other WGs to identify “cross-cutting” issues and avoid overlap
o Bring in additional expertise to address specific content areas identified by each WG needing additional coverage and critical cross-cutting issues affecting

more than one group (eg, food allergies)

'DGA, Dietary Guidelines for Americans; DHHS, Department of Health and Human Services; FSC, Federal Steering Committee; NICHD, Eunice
Kennedy Shriver National Institute of Child Health and Human Development; NEL, Nutrition Evidence Library; WG, working group; WPC, Workshop

Planning Committee.

edition of the DGA to provide recommendations for the entire
American population, including the birth-to—24-mo age group.
The next steps for this project include the following (Figure 2):

e A 2-yinterim period: Phase I will be followed by a period of
time for USDA’s NEL to further refine questions and plans
for systematic reviews. It is anticipated that there will be
approximately a 2-y break, during which time the 2015
Dietary Guidelines will be developed for the population
aged =2 y. This 2-y gap will allow researchers time to
identify high-priority topics for rapid publication, particu-
larly if they have ongoing projects relevant to the priority
research needs for the 0—24-mo age group. The hiatus will
also allow time to collect new data or analyze the preex-
istent data to inform the impending dietary guidelines.
This would expand the research base to inform future
systematic reviews and guidance development.

e Phase I is expected to begin in 2014 and will include con-
ducting systematic reviews by the NEL with the use of the
existing and new data identified with the support of an ex-
pert federal scientific panel. These systematic reviews and
data analyses will be derived from the topic briefs devel-
oped during phase I, taking into consideration evolution
in the science and policy needs.

e Phase III will be the development of unified dietary guid-
ance for the B-24 population, with the goal of releasing the
guidance in 2018 for consideration by the experts convened
to develop the 2020 DGA in early 2018. Federal agencies
would be able to use the final policy document for their pro-
grams, once it has been approved by the USDA and DHHS
and is publicly available.

e Phase IV, the policy document will be provided to the 2020
Dietary Guidelines Advisory Committee for their use in in-

Phase |

(2012-2013)

Phase Il

(2014-2017)

Develop key topics and
questions to serve as a
basis for future DGA for B-
24 population (B-24
Project)

Conduct systematic
review using existing and
new data

corporating the B-24 population into the 2020 Dietary
Guidelines Advisory Committee report. The process will
be transparent, and public input will be collected and con-
sidered throughout this phase of the process.

SUMMARY OF B-24 PRIME

The goals of the B-24 Prime meeting were to provide addi-
tional input from outside experts identified by each WG, provide
additional expertise to all WGs with regard to specific “cross-
cutting” issues, provide an opportunity for the WGs to interact
to ensure full coverage and avoid overlap, and to finalize the
process for completing the WG report. The intent was to be as
interactive as possible and included several opportunities for the
WGs to share their work and interact to ensure the fullest cov-
erage of the priority areas.

The B-24 Prime meeting opened with a series of presentations
by representatives from all participating agencies on agency-
specific needs with regard to the DGA. The agenda moved to
sessions focused on both the content-specific needs of each WG
interspersed with presentations on the following 5 critical cross-
cutting issues:

e The state of the science and policy with regard to prevention

and treatment of food allergies in infants and young chil-
dren (11)

e An overview of the current evidence with regard to the im-
pact of infant feeding on the development of the human
microbiome and the implications of these relations for
growth and development (12)

e Factors influencing the ontogeny of taste preferences, both
in terms of the biology and implications for health (13)

Phase Il

Phase IV A

(2020)

Develop unified dietary
guidelines for B-24 for
use by the DGA Advisory
Committee 2020

FIGURE 2. Process toward developing dietary guidelines for birth to 24 mo. DGA, Dietary Guidelines for Americans; DGAC, Dietary Guidelines Advisory

Committee.
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e The current thinking about diet and developmental origins
of obesity and long-term health outcomes
e Factors affecting the development of eating behavior (14)

The content-specific subjects selected by the individual WG
included the following:

e WG 1 (0-6 mo): Infant formula and infant nutrition, in-
cluding coverage of what is known about bioactive com-
ponents of human milk and implications for composition
of infant formulas (15).

e WG 2 (6-12 mo): Current knowledge about nutrition, me-
tabolism, and growth, particularly with regard to protein
needs and long-term health (16).

e WG 3 (12-24 mo): Developmental aspects and measure-
ment of physical activity (17). An overview of knowledge
gained from the Feeding Infants and Toddlers Study
(FITS) was provided by Anna-Maria Siega-Riz. This pre-
sentation included a summary of several published reports
on the analysis of the FITS data (18-21).

o WG 4 (caregivers: mothers and others): The impact of ma-
ternal diet on human milk composition and neurologic de-
velopment of infants (22). Kelley Scanlon provided
a summary of the Food and Drug Administration/CDC In-
fant Feeding Practices Study (IFPS) (23).

In addition to the WG-specific topic session, a session was
included to address issues pertaining to the currently avail-
able data/analyses regarding infant and toddler diet, in-
cluding the contribution of the national nutrition monitoring
system (eg, NHANES) (24) and a summary of recent analyses
of the USDA programs addressing infant and young child
feeding (25).

Finally, the participants were provided with a summary of the
approaches used by the Institute of Medicine (IOM)/Food and
Nutrition Board to develop Dietary Reference Intake (DRI) re-
commendations in the face of limited data specific to the B-24
target populations. Linda Meyers, former Director of the Food
and Nutrition Board, provided an overview of the DRI process,
including a brief discussion of some of the challenges specific to
infants and children <2 y of age.

Throughout the meeting, participants were provided with
opportunities to interact and discuss the content presentations and
identify issues of common concern. Some of the overarching

TABLE 3
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priority data needs identified during this meeting are outlined in
Table 3.

These proceedings include the summary reports from each of
the 4 thematic WGs and manuscripts of papers presented at the
B-24 Prime meeting and included in this supplement.

WG REPORTS

Each WG was asked to develop a set of topics, specific
questions that might be the focus of NEL systematic reviews,
priority data needs (that could be derived either from existing data
sets, eg, NHANES, or met with new data/surveillance), and
research priorities. The charge to the WGs and their products was
developed based on instructions from the NEL (8). The WGs used
the template found in Figure 3 to summarize their work relative
to each identified topic.

The full reports from the WGs are available at the NEL website
(26). WG, FSC, and Workshop Planning Committee rosters are
found in Supplemental Table 2 (under “Supplemental data” in
the online issue). Selected references identified by the WG for
each topic are listed by WG in Supplemental Table 3 (under
“Supplemental data” in the online issue).

The WG summaries include priority topics with a brief ra-
tionale, associated questions that might be addressed via sys-
tematic reviews, and research priorities.

In terms of the presentation of these summaries it should be
noted that /) the topics are not listed in any particular order of
priority and 2) the WGs recognized that the line of demarcation
between these groups was somewhat arbitrarily based on age
and current guidance with regard to diet (eg, 6 mo of “exclusive”
human milk/formula feeding, mixed feeding through 12 mo, and
the transition from human milk/formula by 24 mo). In general,
the WGs all identified topics that fall in the categories of biology
and context (including social/behavioral factors).

The WGs also acknowledge a number of ‘“cross-cutting is-
sues” particularly regarding the role of the caregivers across the
3 age groups. Consequently, there are several of these cross-
cutting issues that are addressed both within specific groups and
across groups. These summaries reflect the WGs best efforts to
capture the most important issues in support of the NEL and the
DGA process.

Data and research needs for supporting guidelines for infants from birth to 24 mo

* Human milk composition: need for up-to-date analyses of human milk across populations including

o Nutrients
o Bioactive components of human milk

* Nutrient specification for infant formulas: the need to update is driven by new information about human milk composition
* Factors affecting the ontogeny of the gut miocrobiome: need for expanded understanding of its impact on nutrition and role in human health and

development
* Dietary patterns of infants >6 mo: the need for expanded understanding of

o Optimal duration of exclusive breastfeeding (is the 6-mo “line in the sand” justified?)
o Duration of breastfeeding (is there benefit of extended breastfeeding in the United States?)

o Timing and composition of complementary foods
o Timing of introduction of allergens (is earlier better?)

* Role of maternal nutrition and health on successful lactation initiation and performance

o Dietary factors influencing human milk composition
o Impact of body composition on breastfeeding initiation, duration
* Social/behavioral context influencing infant feeding choice
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Populations: Highest priority outcomes: | Methodological Issues: Technical Experts:
Other outcomes to consider:
PICO
Population

Intervention/Exposure

Comparator

QOutcomes

uestions

Systematic Review

Supporting Documents:

FIGURE 3. Template for working group topics. PICO, Population, Intervention/Exposure, Comparator Outcomes.

WG 1: INFANCY—PERIOD OF SOLE NUTRIENT
SOURCE FEEDING (0-6 mo)

Chair

Susan Baker, University of Buffalo

WG members

Leila Beker, Food and Drug Administration
Teresa Davis, Baylor College of Medicine, USDA
Kirsi Jarvinen Seppo, Albany Medical Center
Shannon Kelleher, Pennsylvania State University
Rafael Perez-Escamilla, Yale University

Topics
1) Duration of exclusive breastfeeding

2) Relation between breast-milk composition and infant
health outcomes

3) Delivery mechanism for human milk

4) Micronutrient supplements for breastfed infants (iron,
zinc, vitamin D, fluoride)

5) Maternal diet and allergy risk

6) Introduction of complementary and transitional foods into the
diets of infants/toddlers in those at high risk of allergic disease

7) Infant formula: which type of formula or formulas are
comparable to human milk in terms of health outcomes in
healthy infants

8) Health outcomes in formula-fed compared with breastfed
infants

9) Type (eg, suckled, fresh, stored, banked) of human milk
consumed

10) Factors influencing infant appetite

11) Infant microbiome

1. Duration of exclusive breastfeeding
Rationale

Current US and global recommendations are based largely on
the WHO’s 2002 systematic review “The optimal duration of
exclusive breastfeeding” (27). However, studies published since
the WHO review suggest that this recommendation should be
reevaluated in light of concerns regarding nutritional status, food
allergies, iron deficiency, and celiac disease related to delayed
introduction of complementary foods.

Suggested systematic review questions

e What is the optimal duration of exclusive breastfeeding for
promoting appropriate nutritional status?

e What is the optimal duration of exclusive breastfeeding for
promoting appropriate growth and development?

e What is the optimal duration of exclusive breastfeeding for
promoting appropriate cognitive, behavioral, and neuromo-
tor development?

e What is the optimal duration of exclusive breastfeeding for
preventing food allergies and asthma?

e What is the optimal duration of exclusive breastfeeding for
promoting long-term health outcomes [eg, cardiovascular
disease (CVD), hypertension, diabetes—types 1 and 2,
obesity, inflammatory bowel disease]?

Data and research priorities

e Data on nutrient and bioactive components of human milk,
particularly as these reflect changes in dietary patterns in
the United States and globally

e Definition and prevalence of “exclusive breastfeeding.”
Some research makes very clear what definition was used,
and others do not. In addition, “exclusive” did not always
mean that the infant received only human milk from his/her
mother

e Prevalence of different modes of infant feeding, ie, who
is feeding “at the breast” compared with via bottle
(pumped fresh expressed human milk, stored mother’s
human milk, banked human milk, or any combination
thereof)

e Relative differences between growth standards for assess-
ing the impact of feeding practices on infants

e Impact of timing of blood sampling on nutrient concentra-
tions relative to feeding, eg, the timing of the blood draw
may matter, or the last feeding may be what is reflected in
the concentrations found

e Impact of stage of development on nutrient assessment
methodologies

e Factors that affect the definition, prevalence, and effect of
food “allergies” compared with “sensitivities”

e Best methods for defining/confirming “allergy”

e Prevalence of infants/toddlers with confirmed allergy (e,
by appropriate testing) compared with self-reported allergy,
and comparisons based on method of feeding

2. Relation between breast-milk composition and infant
health outcomes
Rationale

Human milk is a complex, biologically active fluid that
changes throughout the course of a feeding and over the course of
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lactation. Therefore, it is important to understand the specific
factors in human milk that either positively or negatively affect
infant health outcomes.

Suggested systematic review questions

What factors in human milk affect an infant’s

e growth, body composition, and physical development;
e cognitive, behavioral, and neuromotor development;

e intake self-regulation; and

e immune function, morbidity/mortality?

Data and research priorities

e Best methods (biomarkers, intake estimation, etc) for
assessing the impact of maternal diet on nutrient/bioactive
components in human milk

e Data to estimate dietary intake patterns of lactating women
in the United States and globally including dietary supple-
ment/herbal/botanical use

o Confirmation of the role of confounders affecting analysis/
composition of human milk including time of day of milk
collection, time since last (mother’s) meal, method of milk
collection (one or both breasts, full or partial collection,
pump or hand expression), stage of lactation, extent of
breastfeeding (exclusive or predominant), and milk storage

e Impact of storage method on human milk composition, he-
donics

e Differences in composition of banked human milk from sin-
gle (mother) or multiple sources

e Impact of infant on milk composition (eg, infant sex, parity,
number of infants/children nursing)

3. Delivery mechanism for human milk
Rationale

Many infants fed human milk in the United States consume
expressed human milk by bottle. Numerous studies have shown
protective effects of human milk when compared with formula
feeding, but these have not distinguished the potential effects of
mode of milk delivery on outcomes. For example, not only may
differences in the composition of the milk (breast compared
with formula) influence outcomes such as growth but the po-
tential for caregiver to influence volume of consumption (bottle
compared with breast) may also have an effect. Moreover, bottle
feeding, regardless of type of milk, may have an effect on an
infant’s ability to self-regulate milk intake. A recent small
study by Bartok (28) suggested that the delivery method for
human milk may not affect growth for the first 4 mo of life but
may increase weight velocity from 4 to 6 mo. With the use of
data from the IFPS II, Li et al (29) reported that weight gain
during infancy was greater in infants who received a larger
proportion of human milk from a bottle than from the breast.
Further analysis from IFPS II showed that bottle feeding early
in life, regardless of milk type, was associated with increased
intake in late infancy compared with those fed directly at the
breast.

Suggested systematic review questions

The WG concluded that insufficient evidence is currently
available to support any systematic reviews at this time.
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Data and research priorities

The relative impact of human milk consumed via the breast
compared with a bottle on an infant’s
e growth and development;
e cognitive, behavioral, and neuromotor development;
e oral health; and
e long-term outcomes (eg, CVD, hypertension, diabetes—
types 1 and 2, obesity, inflammatory bowel disease).

4. Micronutrient supplements for breastfed infants (iron,
zinc, vitamin D, fluoride)

Rationale

Micronutrient supplements are routinely prescribed for breastfed
infants. Are they necessary, and if so, when, and what is the
effective dose, duration, and timing? What are the determinants
of the need for supplementation and what are the criteria for
efficacy?

Suggested systematic review questions

What is the impact of specific micronutrient supplements (iron,
zinc, vitamin D, and fluoride) for breastfed infants on

e physical growth;

e cognitive, behavioral, and neuromotor development; and

e relevant health outcomes (eg, iron and anemia)?

Data and research priorities

e Prevalence of maternal supplement use in the United States
and globally and impact on human milk composition

e Impact of maternal iron supplementation on infant status
including potential interactions with other micronutrients
(eg, zinc, vitamin A, and folate)

e Prevalence of dietary supplement use in infants 0—-6 mo,
including relative use in breastfed compared with formula-
fed infants

e Prevalence of micronutrient malnutrition (over-/or under-
nutrition) in 0- to 6-mo-old infants in the United States

e Specific priority nutrients include

o relative impact of iron form, dose, duration, and com-
pliance on infant iron status

o prevalence of zinc supplement use in mothers and po-
tential impact on maternal status

o better biomarkers for assessing zinc status in this age
group

o prevalence of vitamin D use and impact on maternal and
infant health

o better data on primary vitamin D exposure scenarios
(diet, sunlight) and impact on maternal and infant
health, including impact of dose, and timing

o data on intake of “dietary” fluoride (water, toothpaste)
and potential health implications

5. Maternal diet and allergy risk
Rationale

Maternal diet during breastfeeding has been implicated in
potential increased risk of infant allergy, celiac disease, milk
“sensitivities” (ie, not true allergies), and infant colic. Infant
exposure to potential allergens through human milk has been the
focus of a number of recent studies (30-32). Sufficient concern
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has been raised to warrant a closer evaluation of these potential
relations.

Suggested systematic review questions

e What is the relation between maternal diet during preg-
nancy and risk of infant
o allergy and asthma,
o celiac disease,
o milk “sensitivities,” and
o colic?
e What is the relation between maternal diet during lactation
and risk of infant
o allergy and asthma,
o celiac disease,
o milk “sensitivities,” and
o colic?

Data and research priorities

e Relative risk of maternal diet in nonatopic compared with
high-risk atopic families

e Prevalence of food allergy compared with food “sensitivity”

e Best methods for distinguishing between allergic response
and sensitivity; the former is a clinical diagnosis based on
a double-blind placebo-controlled food challenge, whereas
food sensitivity is assessed by skin-prick testing or serum-
specific IgE concentrations

e Relative impact of maternal diet on infant asthma or atopic
dermatitis (atopic eczema)

6. Introduction of complementary and transitional foods
into the diets of infants/toddlers in those at high risk of
allergic disease

Rationale

The issue of timing of exposure to food allergens is a core
component of questions regarding guidance about infant and
young child feeding. The area has been the subject of new studies
and reviews (33-35) that reflect a changing approach to this
question, eg, in most patients no delay in introduction is nec-
essary for many of these putative food allergens, and early in-
troduction may prevent food allergy. Consequently, the WG
deemed this an important area for targeted systematic reviews.

Suggested systematic review questions

e What is the relation between timing of introduction of com-
plementary foods and the development of
o food allergies and asthma;
o immune system function, infection, or inflammation;
o atopic dermatitis;
o obesity;
o types 1 and 2 diabetes; and
o celiac disease among infants and toddlers?
e What is the relation between consuming highly allergenic
complementary foods and the development of
o food allergies and asthma;
o immune system function, infection, or inflammation;
o atopic dermatitis;
0 obesity;
o types 1 and 2 diabetes; and
o celiac disease among infants and toddlers?

RAITEN ET AL

Data and research priorities

o Criteria for definition of high risk (most commonly having
a first-degree relative with an atopic disease)

e Better understanding of the role of confounders in both ex-
perimental design and evaluation of outcomes: for example,
reverse causation in which atopic families delay introduc-
tion of complementary foods, therefore creating the appear-
ance that delaying introduction causes allergy

e Need well-designed RCTs

e Data are needed on the prevalence of relevant practices re-
garding timing of introduction of suspect foods

7. Infant formula: which types of formula or formulas are
comparable to human milk in terms of health outcomes in
healthy infants?

Rationale

Notwithstanding the universal recognition of human milk as
the “gold standard” for infant feeding, infant formulas con-
tinue to play a large role in infant feeding in the United
States. Commercially available infant formulas have a re-
markable record of safely providing adequate nutrition for
normal growth and development. The ongoing effort to create
a food that mimics the composition of human milk has
resulted in periodic additions of new components. These
changes demand ongoing vigilance to ensure continued safety
and efficacy. Areas of continued interest include the nature
and effect of available protein sources, eg, cow-milk (casein/
whey) or soy based, and addition of ingredients such as
specific long-chain PUFAs (LC-PUFAs) and other bioactive
components, including pre- and probiotics. Further knowl-
edge is needed about the best formulation to inform recom-
mendations on what to feed non- or partially breastfed
infants.

Suggested systematic review questions

e Which type of infant formula results in similar risk of food
allergies and asthma between formula-fed infants and
breastfed infants?

e Which type of infant formula results in similar risk of di-
abetes mellitus between formula-fed infants and breastfed
infants?

e Which type of infant formula results in similar diet quality
between formula-fed infants and breastfed infants?

Data and research priorities

e Improved data on composition of currently available com-
mercial formulas

e Specific data are needed to define “extensively” or “par-
tially” hydrolyzed formula

e Better data on physicochemical properties of components
of infant formula are needed to better evaluate the biolog-
ical impact and to address issues such as potential allerge-
nicity

e Impact of other components in human milk on protein me-
tabolism to provide better context for evaluating this issue
with regard to infant formula matrix

e Estimates of the exposure of infants to the range of new
ingredients that have been added to infant formulas in re-
cent years, eg, LC-PUFAs, and comparison to intakes in
breastfed infants
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8. Health outcomes in formula-fed compared with
breastfed infants

Rationale

Short-, medium-, and long-term health outcomes are likely
linked to different infant feeding practices (exclusive breast-
feeding, exclusive formula feeding, mixed feeding, etc). It is
crucial to understand the relation between infant feeding prac-
tices and obesity and related chronic diseases. Focal points in-
clude the influence of infant feeding mode or modes on infant
body composition and the immune system (eg, inflammation).
Other key health outcomes might include the impact of infant
feeding mode on oral health.

Suggested systematic review questions

e What is the relation between infant feeding practices (ie,
exclusive breastfeeding, exclusive formula feeding) and
cognitive, behavioral, or neuromotor development?

e What is the relation between infant feeding practices (ie,
exclusive breastfeeding, exclusive formula feeding) and
immune system development and function, infection, or in-
flammation?

e What is the relation between infant feeding practices (ie,
exclusive breastfeeding, exclusive formula feeding) and
overweight/obesity?

Data and research priorities (in addition to the priorities
highlighted in no. 8 above)

e Need to standardize definitions of different infant feeding
modes

e Prevalence and type of mixed feeding during ages 0—6 mo
in the United States

e Impact of mixed feeding during ages 0—6 mo (solids, water,
and either human milk or infant formula) on health outcomes

e Need for good prospective cohort studies, because RCTs
are unethical in this area

e Need for data on household socioeconomic status and ma-
ternal education, because they are critical distal con-
founders

e Need to have a better understanding of the role of maternal
lifestyles and quality of caregiving as intermediate con-
founders

e Need for better data on type of formula, quality, and amount
of complementary foods and drinks, as well as an infant’s
physical activity patterns because each is likely to be a key
proximal determinant or effect modifier

9. Type of human milk consumed
Rationale

Numerous modes exist for feeding human milk including
directly suckled from the breast, freshly expressed via a bottle,
stored mother’s milk, banked human milk, or any combination
thereof. It is therefore important to assess the impact of changes
in composition (ie, nutritional and immunologic content) (36)
and hedonics (taste and/or smell) (37) over time (eg, during
a feeding, over a day or longer, consequent to these different
modes of feeding/storage).

Suggested systematic review questions

The WG concluded that insufficient data exist to support any
systematic reviews at this time.
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Data and research priorities

e Do different human milk storage methods result in differ-
ences in the composition and/or taste of different types of
human milk (ie, milk suckled directly from the mother’s
breasts, freshly expressed human milk, stored mother’s
human milk, banked human milk, or any combination
thereof)?

o Are there differences in the composition and/or taste of dif-
ferent types of human milk (ie, milk suckled directly from
the mother’s breasts, freshly expressed human milk, stored
mother’s human milk, banked human milk, or any combi-
nation thereof)?

e Are there differences in changes over time in the compo-
sition and/or taste of different types of human milk (ie, milk
suckled directly from the mother’s breasts, freshly ex-
pressed human milk, stored mother’s human milk, banked
human milk, or any combination thereof)?

e Are there differences in infant health outcomes when dif-
ferent types of human milk are consumed, including 7)
immune system development and function, infection, or
inflammation; 2) growth and physical development; 3)
cognitive, behavioral, and neuromotor development; and
4) weight status (overweight/ obesity)?

10. Factors influencing infant appetite
Rationale

Infant appetite is likely affected by the method of feeding, the
nutrient content of the food (eg, tryptophan may make an infant
sleepy and thus lessen interest in feeding) (38); free glutamate
may be associated with early satiety (39), timing of feedings, and
the hormone profile of the infant (40). Therefore, an un-
derstanding of appetite regulation and factors that can alter that
regulation are important because they affect the immediate health
of the infant and may affect long-term health outcomes.

Suggested systematic review questions

e How is infant appetite regulated?

e What infant cues of developmental readiness for comple-
mentary foods should be used to determine timing of intro-
duction of complementary foods?

e What factors in the infant diet and environment affect ap-
petite regulation in infants?

e What is the impact of appetite regulation on infant health,
including growth and physical development, and cognitive,
behavioral, and neuromotor development?

Data and research priorities

e Biomarkers of relevant neurological function

e Methodologies to distinguish between biological and envi-
ronmental factors

e Better appreciation of critical periods in development spe-
cific to appetite (hedonics and mechanics of eating)

11. Infant microbiome
Rationale

Study of the infant microbiome, considered to be the collective
genomes and gene products of bacteria resident within and on the
infant, is a new field in which information that may directly affect
health is accruing rapidly (41, 42). The infant gastrointestinal
tract microbiome is highly variable and can be influenced by
mode of delivery, type of feeding, timing, and infectious events
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the infant experiences. The gut microbiome may directly affect
infant health by playing a role in the type of infections and in
infant nutritional status. It may also have long-term effects on
allergy, obesity, and chronic inflammatory diseases, among
others. The key issue is to understand if or how the infant
microbiome affects health outcomes in infancy and later in life
and how infant feedings can be manipulated to provide desirable
outcomes.

Suggested systematic review questions

The WG concluded that insufficient data exist to support any
systematic reviews at this time.

Data and research priorities

e Characterization of the nature and ontology of the gut/oral/
dermal microbiome, including the following:

o Characterization of the gut microbiome across different
populations and racial-ethnic groups
o Relative impact of genetics compared with environment

o Characterization of the bidirectional relations between diet/
specific nutrients and the gut microbiome, such as the fol-
lowing:

o What is the role of diet/specific nutrients in the ontog-
eny of the gut microbiome?

o What is the impact of the gut microbiome on nutrient
absorption and metabolism?

e How does the infant gut microbiome affect the development
of food allergies and asthma?

e What is the contribution of the gut microbiome to the
metabolome, and what is the potential for this relation in
terms of biomarkers of nutrition exposure, status, and func-
tion?

e How does the infant gut microbiome affect the development
of the immune system, infection, or inflammation?

e How does the infant gut microbiome affect the development
of overweight and/or obesity and other chronic noncommu-
nicable diseases?

e How can infant feeding practices be manipulated to affect
the infant gut microbiome in such a way as to improve
health outcomes?

WG 2: INFANCY—PERIOD OF COMPLEMENTARY
FEEDING (FOCUS: 6-12 mo)

Chair
Frank Greer, University of Wisconsin

WG members

Ronette Briefel, Mathematica Policy Research

Jatinder Bhatia, Georgia Health Sciences University

Kay Dewey, University of California, Davis

Nancy Krebs, University of Colorado

Julie Mennella, Monell Center

Kelley Scanlon, Centers for Disease Control and Prevention

Topics

1) The impact of differences in protein intake in infants in
the first 12 mo of life, including
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o total amount and source (human milk compared with
protein sources in available infant formula options)
of protein consumed

o the timing and duration of exposure to various protein
sources during the first year of life

2) The role of beverages (including fruit juices and sugar-
sweetened beverages) in complementary feeding between 6
and 12 mo

3) Can fluid cow milk be introduced before 12 mo of age?

4) Micronutrients of concern: iron, zinc, vitamin D, LC-
PUFAs, fluoride, and vitamin B-12

5) Appropriate complementary food choices for human
milk—, formula-, or mixed-fed infants from a macro- and
micronutrient standpoint

6) Early dietary influences on food and flavor preferences,
especially for nutrient-dense foods (fruit, vegetables, meat,
dairy, etc)—What are the evidence-based strategies to en-
hance acceptance of nutrient-dense foods such as fruit and
vegetables?

7) Development of taste preferences for salt and sweet in
infants and the impact on dietary intake and long-term
health outcomes—How do preferences for foods with added
salt and sugars develop?

8) The role, timing, and value of snacking (ie, food con-
sumed between meals)

9) Method or methods of complementary feeding
10) Physical activity in prevention of childhood obesity

11) Impact of the Special Supplemental Nutrition Program
for Women, Infants, and Children (WIC) food package on
infant and child diet

1. The impact of differences in protein intake in infants in
the first 12 mo of life

The scope and focus of this topic might include the following:

e Total amount and source (human milk compared with pro-
tein sources in available infant formula options) of protein
consumed

e The timing and duration of exposure to various protein
sources during the first year of life

Rationale

Available data indicate that formula-fed infants have a higher
intake of protein compared with infants fed mature human milk
(ie, past the period of colostrum consumption) (43). In addition to
the consideration of total protein, the source of protein (human
milk, cow milk, soy, hydrolyzed proteins), particularly as it
pertains to the amino acid profiles and relative amounts of free
amino acids (FAAs) of available protein sources, is critical in
evaluating the needs of infants through the first 12 mo of life.
Differences in total protein, FAAs, and other factors such as
peptides associated with hydrolyzed protein formulas, as well as
the standard used to evaluate protein quality (the so-called protein
efficiency ratio or PER), have been comprehensively reviewed
(44). However, the impact of increased FAA intake on satiety and
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growth is still poorly understood. Higher protein intake has been
shown to result in increased weight gain in formula-fed compared
with human milk—fed infants (45). The relative impact of dif-
ferences in protein intake in formula-fed infants compared with
human milk—fed infants continues to be an open question par-
ticularly with regard to the potential differences in physical
growth including risk of overweight and obesity, neurologic
development, and renal solute load.

Suggested systematic review questions

e What is the association between relatively high intakes of
protein in infant formula compared with lower protein in-
takes of human milk on

o growth and physical development;

o cognitive, behavioral, or neuromotor development;

o overweight/obesity;

o renal function; and

o serum insulin-like growth factor I (IGF-I) and insulin
concentrations?

e What is the association between protein intake and

o growth and physical development;

o cognitive, behavioral, or neuromotor development;
o overweight/obesity;

o renal function and solute load; and

o serum IGF-I and insulin concentrations?

Data and research priorities

e What is the impact of hydrolyzed formulas on cognitive,
behavioral, or neuromotor development?

e What is the impact of hydrolyzed formulas on long-term
health outcomes including overweight and obesity?

e How do concentrations of IGF-I or insulin in human milk—
fed infants compare with those in infant formulas includ-
ing those that are extensively hydrolyzed?

2. The role of beverages (including fruit juices and sugar-
sweetened beverages) in complementary feeding between
6 and 12 mo

Rationale

The current WIC food packages do not contain any fruit juices
for infants. The AAP recommends no juice before 6 mo of age,
introduction into the diet only when the infant is drinking from
a cup, and limited to 4-6 ounces/d. Fruit juice is not the
equivalent to fresh fruit and should not take its place in the diet
(46). Type of juice may also be important; eg, apple juice is low
in folate (47). Sugary drinks such as soda should be avoided
because they are nutrient poor and decrease the appetite for
other, more nutrient-dense, foods. Despite these admonitions, the
limited available data indicate that infants and toddlers in the
United States are consuming these beverages at rates that could be
of potential concern (48). In addition, the AAP (Pediatric Nutri-
tion Handbook) notes that there is little indication for water except
to mix with infant formula; thus, any additional water requirement
for infants in this age group is a subject for research.

Suggested systematic review questions

e What is the relation between beverage consumption (in-
cluding fruit juices and sugar-sweetened beverages) be-
tween 6 and 12 mo of age and

o growth and physical development,
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o oral health,

o overweight/obesity, and

o impact on achieving recommended dietary intake and/
or diet quality?

Data and research priorities

e What is the range of water intake seen in infants in the
United States?
e What is the prevalence of intakes of different beverages in
infants aged 6-12 mo in the United States?
e How much water intake is needed between 6 and 12 mo of
age?
e What is the impact of water intake on outcomes, such as
o growth and physical development,
o oral health,
o hyponatremia,
o overweight/obesity, and
o achieving recommended dietary intake and/or diet quality?

3. Can fluid cow milk be introduced before 12 mo of age?
Rationale

Current guidance recommends against introducing fluid cow
milk before 12 mo of age (49), and the current WIC food package
does not allow the introduction of whole milk before 12 mo of
age. Despite these policies, the use of cow milk as a source of
nutrition for infants <12 mo continues to be prevalent (50).
Factors such as economics and cultural attitude contribute to this
use. Moreover, historical concerns about the safety of cow milk
vis-a-vis the potential to increase gastrointestinal bleeding have
been obviated by recent studies indicating that occult blood
losses consequent to cow-milk consumption are minor in infants
older than 6 mo of age (51). Nevertheless, questions remain
about the relative safety and efficacy of cow milk, particularly in
the period beyond exclusive breastfeeding and weaning (ie,
between 6 mo and in cases in which infants have stopped
breastfeeding before 12 mo of age).

Suggested systematic review questions

e What is the relation between consumption of fluid cow milk
between 6 and 12 mo of age and risk of iron deficiency or
anemia?

e What is the relation between consumption of fluid cow milk
by infants 6 and 12 mo of age and growth and physical de-
velopment?

Data and research priorities

e What is the prevalence of liquid cow milk (whole milk, low-
fat, or skim) consumption (as sole source of liquid or in
combination with human milk) in infants aged 6-12 mo
in the United States?

e Do differences exist based on demographic characteristics
or race-ethnicity?

e What is the relation between consumption of liquid cow
milk and

o immune function/allergenicity,
o gastrointestinal problems, and
o risk of other conditions including diabetes and obesity?

e Are there other components of concern in liquid cow milk
for infants 6-12 mo of age?

e What is the ideal time for introduction of liquid cow milk?
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4. Micronutrients of concern: iron, zinc, vitamin D,
LC-PUFAs, fluoride, and vitamin B-12

Rationale

The human milk concentrations of these nutrients are limited
in later stages of lactation, and the quality of the other food
sources assume greater significance. Currently available infant
formulas serve as a good source of all of the nutrients of concern,
with the exception of fluoride, which is provided primarily via the
fluoride content of the water source used to prepare the formula.
For infants who have been formula-fed from birth and who are
continued on infant formula along with complementary food
through 12 mo of age, deficiencies of these nutrients are rare. On
the other hand, because human milk is a poor source of vitamin D
and cannot meet the needs for iron and zinc by ~6 mo, the
infant’s needs for these nutrients are a concern (52-55). Intake
of complementary foods rich in iron and zinc is important for
breastfed infants and even for infants fed a mixture of formula
and human milk after 6 mo. A number of authoritative organi-
zations have addressed the issue of vitamin D supplementation
for infants including the American Academy of Pediatrics (56)
and the European Society for Pediatric Gastroenterology, Hep-
atology, and Nutrition (ESPGHAN) (57). For infants maintained
on a mixed vegetarian and human milk diet, intakes of iron,
zinc, vitamin B-12, and vitamin D remain a concern (58). The
question of the need for supplemental LC-PUFAs for term in-
fants and infants older than 6 mo remains controversial (59).
Finally, because the fluoride content of human milk is relatively
low and is not responsive to maternal intake, breastfed infants
are dependent on other sources of fluoride after 6 mo (60). On
the basis of these considerations, these nutrients will require
further attention in the context of dietary guidance for this age

group.

Suggested systematic review questions

e What is the relation between iron intake and/or status and
infant and toddler
o cognitive, behavioral, or neuromotor development;
0 anemia;
o growth and physical development; and
o immune function?
e What is the relation between zinc intake and/or status and
infant and toddler
o growth and physical development;
o cognitive, behavioral, or neuromotor development; and
o immune function?
o What is the relation between vitamin D intake and/or status
and infant and toddler
o growth and physical development;
o immune function; and
o bone development?
o What is the relation between LC-PUFA intake and/or status
and infant and toddler
o growth and physical development;
o cognitive, behavioral, or neuromotor development and
visual acuity; and
o immune function?
e What is the relation between fluoride intake and/or status
and infant and toddler
o growth and physical development (bones, teeth)?
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e What is the relation between vitamin B-12 intake and/or

status and infant and toddler
o cognitive/behavioral and neuromotor development; and
o risk of anemia?

e What strategies can be used to improve dietary quality and
micronutrient intake in infants 6-12 mo of age, and would
different nutrients (eg, iron, fluoride) require different
strategies?

Data and research priorities

e Data are needed on the prevalence of single/multiple micro-
nutrient deficiencies in the United States and how these
prevalences may differ by

o demographic characteristics and

o method of feeding (human milk plus complementary
foods, human milk plus other liquids plus complemen-
tary foods, formula plus complementary feeding).

e Research is needed to determine how micronutrient needs
can be met with foods from 6 to 12 mo of age, or whether
supplements are needed.

e Sensitive, specific, and noninvasive biomarkers of micronu-
trient status, function, and effect are needed for this age
group.

e Functional biomarkers are needed that reflect high-priority
health outcomes and potential mechanisms of effect, in-
cluding biomarkers of growth (beyond anthropometric
measurements), immunocompetence, and neurologic func-
tion.

e More data from RCTs are needed for this age group.

e Data are needed on the relative contribution of complemen-
tary foods introduced between 4 and 6 mo on the nutrient
status of exclusively breastfed infants (to 6 mo).

5. Appropriate complementary food choices for human
milk—, formula-, or mixed-fed infants from a macro- and
micronutrient standpoint

Rationale

The prevalence of obesity in the United States and globally is
increasing at an alarming rate. The factors that contribute to this
are many, but clearly, early dietary exposures and habits make up
critical aspects of this scenario and affect numerous other aspects
of short- and long-term health. Timing of introduction (61) and
quality/type of complimentary foods introduced (62) have been
scrutinized for their contributions to the obesity epidemic. The
ideal distribution of daily energy intake from human milk or
formula (or a combination) and complementary foods is un-
certain. The appropriate amounts and choices of complementary
foods are dependent on the percentage of the infant’s required
caloric intake and the DRIs they provide. To meet micronutrient
needs, the breastfed infant is dependent on the choices of
complementary foods (or supplements), whereas if a formula-
fed infant continues to receive a substantial intake of formula,
micronutrient inadequacy is unlikely.

Suggested systematic review questions

e What is the optimal distribution of daily energy and mac-
ronutrient intake from complementary foods, human milk,
and/or infant formula (or a combination of the 2) that pro-
motes favorable health outcomes, such as

o growth and physical development;
o cognitive, behavioral, or neuromotor development;
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o prevention of food allergies and asthma; and
o prevention of overweight/obesity?

e What types and amounts of complementary foods are nec-
essary for infants fed human milk, formula, or mixed feed-
ings to promote favorable health outcomes, such as

o growth and physical development;

o cognitive, behavioral, or neuromotor development;
o prevention of food allergies and asthma; and

o prevention of overweight/obesity?

Data and research priorities

e Improved content data are needed for common commer-
cially available foods marketed for infants/toddlers

e Prevalence data on specific dietary intake patterns are
needed for infants 6-12 mo of age

e Data are needed on the distribution of daily energy and nu-
trient intake from complementary foods, human milk, and/
or infant formula (or a combination of the 2) that ensures
meeting the nutrient requirements established by the DRIs

6. Early dietary influences on food and flavor preferences,
especially for nutrient-dense foods (fruit, vegetables, meat,
dairy, etc)—What are the evidence-based strategies to
enhance acceptance of nutrient-dense foods such as fruit
and vegetables?

Rationale

Before the transition to a mixed diet, a striking contrast exists
between the sensory experience of the breastfed and formula-fed
infant (63, 64). Breastfed infants have a more diversified ex-
posure to the volatile elements of the maternal diet via mother’s
milk, whereas the formula-fed infant’s dietary exposure is more
“monotonous.” The myriad of factors that might contribute to
the development of taste preferences in human milk—fed com-
pared with formula-fed infants and their implications for health
have been recently reviewed (65). Once weaned to comple-
mentary foods, both breastfed and formula-fed infants learn
through repeated exposure to a particular food as well as through
exposure to a variety of foods (in both flavor and texture),
which, in turn, promotes the willingness to eat these comple-
mentary foods as well as novel foods. Thus, concerns about
“how to” (eg, order of introduction of foods, types of foods)
represent one of the primary matters discussed by mothers/
caregivers with their child’s pediatrician. Ultimately, the goal is
to accustom children gradually to a varied diet that meets nu-
tritional needs for growth and development with appropriate
nutrient-dense foods, leading to a preference for nutrient-dense
foods.

Suggested systematic review questions

(Note: The WG emphasized that the following suggested
systematic review questions as well as the data and research
priorities address the following: /) the biology underlying the
senses that provide acceptance/preference of foods, 2) the re-
lation of this biology to dietary intake and long-term conse-
quences on health, and 3) evidence-based strategies, based on
the biology, to increase the acceptance of nutrient-dense foods.)

e [s there a relation between appropriate/increased intake

(quantity, timing, frequency) of nutrient-dense foods
(meats, dairy, fruit, vegetables, etc) by the mother during
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pregnancy and acceptance/preference of nutrient-dense
foods in infants?

e [s there a relation between appropriate/increased intake
(quantity, timing, frequency) of nutrient-dense foods
(meats, dairy, fruit, vegetables, etc) by mothers after in-
fants’ birth on the acceptance/preference of nutrient-dense
foods by their children?

e Are there differences in the acceptance/preference of
nutrient-dense foods between breastfed and formula-fed infants?

e Does exposure (timing, quantity, frequency) to nutrient-dense
foods in weaned infants increase acceptance of nutrient-dense
foods?

e Are there differences in pattern or duration of acceptance
between infants who were formula-fed or breastfed or both
during first few months of life, and if so, how does this re-
late to maternal diet and feeding practices? Are there dif-
ferences between formula-fed infants depending on the
type of formula used and whether the infant was breastfed
or formula-fed in early life?

e Does increased acceptance/preference for nutrient-dense
foods in the first year of life persist? Does it improve dietary
intake of nutrient-dense foods at 12-24 mo? Does this
affect growth variables during infancy and childhood?

Data and research priorities

e Improved data on complementary food (type and amount)
patterns in the United States, particularly with regard to po-
tential differences between breastfed, formula-fed, and
mixed-fed infants

e Improved data/analyses to document impact of maternal di-
etary patterns during pregnancy and lactation

e What is the biology (taste, aroma, textures) underlying the
preference of foods by infants?

e Using the biology, what are the best strategies to increase
the acceptance of nutrient-dense foods and decrease the
preference for nutrient-poor, energy-dense foods?

e How does the preference for nutrient-dense foods compared
with the preference for nutrient-poor foods in the first 24 mo
of life affect long-term health?

e What is the relative contribution of protein sources to the
development of taste preferences in formula-fed infants?

7. Development of taste preferences for salt and sweet in
infants and the impact on dietary intake and long-term
health outcomes

Rationale

Excessive intakes of foods that contain high amounts of salt
(NaCl) and refined sugars (and consequently, taste salty and
sweet) cause or exacerbate a number of illnesses, including
hypertension, diabetes, and obesity. The DGA as well as other
authoritative documents make clear public health concerns about
avoiding foods with added salt and sugar. Despite this concern,
people consume sugar and salt in amounts that most health
professionals consider to be unhealthy starting at a young age.
Not only do processed foods, which make up a large part of
modern diets, have high quantities of salt and added sugars, but
foods that taste sweet or salty and beverages that taste sweet have
powerful hedonic appeal, especially to children. The elevated
preferences for sugars and salt during childhood reflect basic
biology: children are programmed to like mother’s milk and
foods containing energy (signaled by sweet taste) and minerals
(signaled by salt taste) during periods of growth (66, 67). Other
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biological influences might include maternal status, eg, hyper-
emesis gravidarum, which has been suggested as a potential
precursor to salt preference (68). In addition, a body of evidence
suggests a role for socioeconomic status and race-ethnicity in
the development of preferences for salt and sweet (69). Our
ability to develop evidence-based dietary guidance aimed at
health promotion and disease prevention is contingent on a bet-
ter understanding of the factors that contribute to the ontogeny
of salt and sweet preferences during critical periods of de-
velopment.

Suggested systematic review questions

(Note: The WG suggested that the following questions as well
as the data and research priorities address the following: /) the
biology of preferences for salt and sweet; 2) the relation between
preferences for salt and sweet and dietary intake of foods with
added salt and sugar later in childhood and adulthood, as well
as long-term consequences on health; and 3) evidence-based
strategies to reduce intake of foods with added salt and sugar.)

e Do infants and children differ in their preferences for sugar
and salt?

o If there are differences, what are the mechanisms underly-
ing these age-related changes?

e Are there differences based on

0 race,

0 genetics,

0 sex, or

o emotional state of the child (eg, depression)?

e s there a relation between the health of the mother prena-
tally (eg, hyperemesis gravidarum) and preference for salt
and sweet?

e Does the intake of foods with added salt and sugar in in-
fancy influence the preference and analgesic appeal of
dietary salt and sweet in infants, young children, and
adults?

e Does repeated exposure to foods with added sugar lead to
an “addiction” later in life (physiologic endorphin re-
sponse)? How much of the addiction is predisposed and
inborn compared with conditioned?

o [s there a relation between intake of foods with added salt
and sugar during infancy (timing of introduction, quantity,
frequency) and preference for salt and sweet later in child-
hood and adulthood? Does this relation affect

o growth variables at 12-24 mo and
o body composition/health later in life?

Data and research priorities

e Additional data are needed on what foods children are eat-
ing and the sources of added sugars and salt in their diet (48,
70). When are these foods first introduced into infants’ diets
and why?

o [sthere a relation between an increased or decreased intake
(quantity, timing frequency) of foods with added salt and
sugar in pregnant women and intake/preference for foods
with added salt and sugar in their infants?

o s there a relation between an increased or decreased intake
(quantity, timing frequency) of foods with added salt and
sugar in postpartum women whether breast- or bottle-feeding)
and intake/preference for foods with added salt and sugar in
their infants?
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e s there a difference in intake/preference for added salt and
sugar between infants who are predominantly breastfed or
formula-fed during the first 6 mo after birth?

e How does the amount of salt or sugar vary among formulas,
and how does it compare with breast milk? If the amounts
are variable, does the mode of differential exposure to salts
and sugars affect salt/sugar preference and dietary habits
among infants and children?

e What evidence-based strategies are associated with reduced
1) preferences and 2) intake of salt and sugar among chil-
dren?

8. The role, timing, and value of snacking (ie, food
consumed between meals)

Rationale

Snacking continues to be common in the 6-12-mo age group
(20). However, our understanding about its prevalence, type,
effect on growth and development, the development or estab-
lishment of eating patterns, and caloric intake needs further
systematic exploration to help inform dietary guidance for these
infants/toddlers.

Suggested systematic review questions

e What is the association between scheduled and self-regulated
snacking on infant and toddler
o growth and physical development,
o overweight/obesity, and
o dietary intake (quality)?
e Are there differences between breastfed and formula-fed
infants?
e What is the association between frequency of snacks and
infant/toddler
o growth and physical development,
o overweight/obesity, and
o dietary intake?
e What snacks optimize nutrient intakes in infants and tod-
dlers, and are there differences between breastfed and for-
mula-fed infants?

Data and research priorities

e What are infants/toddlers currently eating for snacks?

e How frequently are infants/toddlers eating snacks and/or
meals?

e What is the definition of snacking? Sometimes it is defined
by researchers as the number of foods or calories consumed
“between meals” or by respondents as to whether they
called it a meal or a snack. In infants, the name does not
mean much because infants eat frequently, so snacks and
meals may be interchangeable for this population.

e Are there longitudinal data that provide measured health
outcomes needed to supplement existing cross-sectional
data?

9. Method of complementary feeding
Rationale

Aside from the potential health impact of the timing of in-
troduction of complementary foods (61, 71, 72), the methods of
introducing both liquids/beverages and solid complementary
foods may also have important implications for infant growth and
development. The ease of accepting complementary foods is
dependent on developmental readiness, and this should be shown
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before complementary foods are introduced. Because strategies
for introducing complementary foods are varied and can occur
before children are developmentally ready, parents need guidance
on the best methods for introducing complementary foods.
Another area in need of guidance is the timing of use of com-
plementary foods within a given feeding episode, ie, before or
after breast- or bottle-feeding. These practices may result in
overfeeding, the displacement of nutrients or calories from hu-
man milk or infant formula, or have other health consequences.

Suggested systematic review questions

o What is the relation between adding solid foods into bottles
and infant/toddler
o oral health,
o overweight/obesity, and
o dietary intake (eg macronutrient, including calories, and
micronutrient intake)?
e What is the relation between putting an infant to bed with
a bottle and infant/toddler
o oral health,
o overweight/obesity, and
o risk of otitis media?
e What methods of introducing solid foods results in optimal
infant/toddler
o oral health,
o overweight/obesity, and
o dietary (quality and quantity) intake?

Data and research priorities

e Improved data on the prevalence of different methods for
introduction and use of complementary foods.

e Does it make a difference whether or not complementary
foods are introduced before breastfeeding or bottle-feeding
at a given meal time?

10. Physical activity in prevention of childhood obesity
Rationale

A need exists for consistent messaging related to structured
and unstructured activity, including play for infants and toddlers.
The type and amount of activity will affect energy expenditure/
needs, the development of healthful activity habits at an early age,
physical and social development, and overall well-being. The
National Association of Sports and Physical Education has de-
veloped specific guidelines for the physical activity of children
from birth to age 5 y that address the developing child’s unique
characteristics (73). These guidelines reflect the current evi-
dence with regard to motor development, movement, and exer-
cise and the physical activity needs of young children during the
first years of life. Including activity guidelines for infants from
birth to 24 mo is consistent with the DGA goals of health pro-
motion and disease prevention. Of specific interest is the relation
between “tummy time” (74), other developmentally appropriate
activities, and inactivity (“containerization”) on short- and long-
term health. Specific physical activities to consider at 6-12 mo
include locomotor activities (crawling, walking, etc), non-
manipulative activity (tummy time, ie, pushing up on extended
arms and pivoting on stomach, unrestrained sitting time), and
manipulative activity (encouraging infants to manipulate ob-
jects). In addition, there are concerns about “containment” of
infants and “back to sleep practices” that do not promote the
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physical activities listed above, and it is recommended that
caregivers allow periods for tummy time and unrestrained ac-
tivity.

Suggested systematic review questions

The WG concluded that there are insufficient data at this time
to support systematic reviews on this topic for this age group.

Data and research priorities

e What is the relation between “tummy time” or other un-
restrained activity on
o growth and physical development;
o cognitive, behavioral, or neuromotor development; and
o overweight/obesity?
e What is the relation between participation in developmen-
tally appropriate physical activity and
o growth and physical development;
o cognitive, behavioral, or neuromotor development; and
o overweight/obesity?
e What is the relation of physical inactivity due to restrained/
contained time (including television/video exposure) and
o growth and physical development;
o cognitive, behavioral, or neuromotor development; and
o overweight?

11. Impact of the WIC food package on infant and child
diet

Rationale

Nearly one-half of the infants born in the United States par-
ticipate in the WIC program. WIC is designed to help families
with limited resources meet the nutrition needs of pregnant,
breastfeeding, and nonbreastfeeding postpartum women, as well
as infants and children to 5 y of age who are at nutritional risk.
WIC provides supplemental food and nutrition education to
program participants to improve dietary quality and practices. For
infants, the contents of the WIC food package are dependent on
whether the infant is formula-fed, breastfed, or fed both formula
and breast milk (75). By October 2009, all WIC clinics in-
troduced a new WIC food package to reflect the DGA as well as
the infant feeding practice guidelines of the AAP. The new food
package was designed in response to concerns raised by the IOM
and others regarding breastfeeding duration, juice consumption,
age at introduction to solid foods and cow milk, consumption of
fruit and vegetables, and frequency of exposure to new foods
among WIC participants. The impact of the new food packages
on the dietary intake and behavior of participating infant and
toddlers is of importance. Another priority is the comparison of
the diets of participating infants and young children with diets of
those not participating in WIC.

Suggested systematic review questions

(Note: The WG suggested that each of the following study
questions be repeated, comparing new and old WIC food
packages.)

e [s participation in WIC associated with improved breast-

feeding initiation, duration, and exclusivity?

e With regard to complementary feeding, is participation in

WIC associated with
o age at which infants are introduced to solid foods,
o the types of first food introduced, and



678S

o0 a specific pattern of complementary feeding during in-
fancy (dietary pattern, types of foods consumed, added
sugar and salt content of complementary foods, age in
which whole milk is introduced)?

e How do associations between WIC participation and infant
and young child feeding practices differ for breastfed com-
pared with formula-fed infants?

e How do associations between WIC participation and infant
and young child feeding differ for children of different race
and ethnic groups?

e [s participation in WIC associated with childhood obesity
or other diet-related adverse health outcomes?

e [s participation in WIC associated with improved food se-
curity (compared with non-WIC, not WIC eligible and non-
WIC, WIC eligible)?

Data and research priorities

The WG was aware of ongoing data analyses of the WIC
programs, and the review is included as part of this supplement
issue (25).

WG 3: PERIOD OF TRANSITIONAL FEEDING (12-24 mo)

Chairs
Stephanie Atkinson, McMaster University
Leann Birch, Pennsylvania State University

WG members

Maureen Black, University of Maryland

Kristen Copeland, Cincinnati Children’s Hospital Center

William Dietz, Centers for Disease Control and Prevention
(formerly)

David Fleischer, National Jewish Health

Mary Kay Fox, Mathematica Policy Research

Madeleine Sigman-Grant, University of Nevada Reno

Topics

1) What are the specific energy needs of infants and children
aged 12-24 mo to promote optimal growth, health, and
physical development?

2) What is the optimal type and amount of physical activity
to promote health of infants and toddlers 12-24 mo of age?

3) Micronutrients and other dietary constituents that may be
under-/overconsumed by infants/toddlers 12-24 mo of age

4) Impact of different approaches to weaning off the breast
or bottle on infant/toddler health

5) Implication of consumption of different types of post-
weaning beverages in infant/toddler growth, development,
and health

6) Implications of sleep patterns for infant/toddler nutrition,
growth, and health

7) “Microenvironmental” effects on the transition to the
adult diet. How do inborn responses to basic tastes, learning
and experience with food and eating, and exposure to care-
giver practices influence the transition to the adult diet dur-
ing the period of 12-24 mo of age?
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8) Factors affecting exposure to and impact of media (eg,
television, handheld computers, etc) in infants/toddlers

9) Impact of food insecurity on infant/toddler health and
development

10) Specific food safety concerns for this population, such as
exposure to lead and mercury and potential choking risks
associated with food (texture, shape, etc)

11) General food preparation, handling, and storage issues
related to this population

1. What are the specific energy needs of infants and
children aged 12-24 mo to promote health and prevent
disease?

Rationale

Alarming patterns of overweight and obesity occurring in early
life (<4 y of age) continue in the United States (76). Although
many factors may contribute to this pattern (77), it is clear that
energy requirements of toddlers are critical components to be
considered. Of particular interest is the relation of energy intake
to growth velocity, which decelerates after 1 y of age (78, 79), and
to physical activity levels of toddlers in today’s society. The key
question is how should dietary guidance reflect these changes?

Suggested systematic review question

e What are the energy requirements for toddlers aged 12-24
mo to promote optimal growth and physical development?

Data and research priorities

e Data on food consumption patterns in infants/toddlers in the
US including
o total calories and contributions of specific food groups
o demographic/cultural/ethnic determinants
o impact of foods consumed in home compared with those
consumed out of home including in child care facilities
e Factors contributing to “unhealthy” body composition, eg,
o differences between parental attitudes, beliefs, and
habits and those of other caregivers
e Determination of the optimal mathematical model for Es-
timated Energy Expenditure in toddlers from knowledge of
energy expenditure, growth, and physical activity level

2. What is the optimal type and amount of physical activity
to promote health of infants and toddlers 12-24 mo of age?

Rationale

As noted by WG 2 topic 10 above, the National Association of
Sports and Physical Education has developed specific guidelines
for the physical activity of children from birth to age 5 y that
address the developing child’s unique characteristics (73). These
guidelines reflect the current evidence with regard to motor
development, movement, and exercise and the physical activity
needs of young children during the first years of life. Because of
the importance of physical activity for growth and physical
development, energy balance, and bone development in infants
and toddlers, its measurement is critical for the evaluation of its
impact on energy needs and ultimately the ability to develop
evidence-based guidance for infants and toddlers. Limited in-
formation is available to determine what types and amounts of
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physical activity optimize the health and development of infants
and toddlers. In addition, a need exists to better understand what
types of opportunities for physical activity, including indoor and
outdoor activities, should be recommended.

Suggested systematic review questions

e What types of physical activity during ages 6-24 mo are

associated with
o optimal growth and physical development,
o optimal bone development, and
o reduced risk of overweight/obesity?

e What amount (ie, duration, frequency, number of daily oc-
casions) of physical activity from age 6 to 24 mo is asso-
ciated with

o optimal growth and physical development,
o optimal bone development, and
o reduced risk of overweight/obesity?

Data and research priorities

e Prevalence data are needed for US children with regard to
o types and
o amounts of physical activity
e The most common and available settings to be physically
active and of relative value to the child’s health and de-
velopment:
0 home
o outside the home

3. Micronutrients and other dietary constituents that may
be under-/overconsumed by infants/toddlers 12-24 mo of
age

Rationale

Limited information is available on the consumption of spe-
cific nutrients in infants 12-24 mo old (80) and their adequacy
relative to existing recommendations (19). New data are needed
with regard to their adequacy in the diet in relation to current
DRIs [Estimated Average Requirements (EARs) and Tolerable
Upper Intake Levels (ULs)] and the association of the individual
nutrients with specific health outcomes. Nutrients noted to be of
special concern include the following: suboptimal intakes of
iron, zinc, vitamin E, vitamin D, fiber, and potassium; and ex-
cessive intakes of energy, protein, sodium, vitamin A, synthetic
folate, saturated fat, water, and fluoride (19). A particular need is
further guidance with regard to folate, fiber, vitamins, and per-
centage milk fat (eg, skim, 2%, or whole milk) recommended
for 12-24-mo-olds to ensure proper neurodevelopment while
minimizing obesity and cardiovascular risk.

Suggested systematic review questions

e What is the relation between observed intakes of fiber, vi-
tamin A, and folate and the EARs and ULs for toddlers 12—
24 mo of age?

e What is the relation between fiber, vitamin A, and folate and
1) markers of growth in relation to WHO reference growth
standards or 2) biomarkers of adequacy?

Data and research priorities

e What is the average consumption of food intake by food
groups in infants 12-24 mo of age in relation to BMI
and overweight at 2 y?
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e What are the average nutrient intakes, including the contri-
bution of dietary supplements (eg, iron, zinc, vitamin E, vi-
tamin D, fiber, potassium, energy, protein, sodium, vitamin
A, synthetic folate, saturated fat, water, and fluoride), of
toddlers, and how do intakes compare with the current DRIs
(EARs and ULs)?

e Improved understanding of the relation between vitamin D,
fluoride, and calcium intake in pregnancy and in infants up
to 2 y of age and bone health outcomes in young children.

e Improved understanding of the relation between intake of
fiber in toddlers and functional outcomes such as bowel mo-
tility/function.

e Improved understanding of the relation between sodium
and potassium intake in toddlers and outcomes of blood
pressure.

e Improved understanding of the relation between total and
saturated fat intake in toddlers and outcomes of blood tri-
glyceride, HDL-cholesterol, and LDL-cholesterol concen-
trations.

e Knowledge of the optimal adequate macronutrient distribu-
tion range for infants 12-24 mo of age including sugars
and starches to optimize growth, body composition, and
functional outcomes such as bowel motility cognition (re-
lated to sugars), food behavior, hyperactivity, and glucose
tolerance.

4. Impact of different approaches to weaning off the breast
or bottle on infant/toddler health

Rationale

Delayed weaning from (and/or inappropriate use of) bottle
feeding may lead to dental caries (81) and/or anemia. Limited
evidence implicates early weaning with increased calorie intake
and overweight/obesity (82, 83), but available literature is scant,
and the results of extant studies are inconsistent (84). Because of
changes in nutrient composition of mature human milk over time
and increased caloric/nutrient needs, delayed weaning from the
breast may affect growth and development. Thus, a need exists to
better understand how the timing of weaning affects consumption
of other foods and how this may influence diet quality, the de-
velopment of eating behaviors, and growth and development,
including the prevalence of overweight and obesity. It is im-
portant to understand whether there are differences between
breastfeeding and bottle feeding of expressed human milk.

Suggested systematic review questions

e What is the relation between delayed weaning from the
breast on toddler
o dietary intake (including energy and iron intake);
o eating behaviors;
o growth and development, including risk of overweight/
obesity;
o oral health; and
0 anemia?

e What is the relation between delayed weaning from the bot-
tle and/or inappropriate use (including formula, human
milk, and juice) of a bottle on a toddler? Does the example
of “inappropriate” use include either use that is inconsis-
tent with current guidance (eg, off the bottle by 18 mo) or
use of food to manage behavior: soothe, quiet, redirect, or
control a nonhungry infant/toddler? Information is also
needed on
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o dietary intake (quantity and quality), particularly energy
and iron intake;

o eating behaviors;

o growth and development, including risk of overweight/
obesity;

o oral health; and

0 anemia.

Data and research priorities

o Are there differences between delayed weaning from hu-
man milk in a bottle and formula in a bottle? Potential dif-
ferences of interest between human milk— and formula-fed
infants might include

o nutrient intake;

o health outcomes, including body composition;
o how weaning is accomplished; and

o caregiver behavior/demographic characteristics.

5. Implication of consumption of different types of
postweaning beverages in infant/toddler growth,
development, and health

Rationale

In addition to complementary foods, the period from 6 to
24 mo involves the introduction of several complementary
beverages, including fruit juice, sweetened beverages, water,
and milk (cow milk or other alternative milks such as soy, rice,
almond, and coconut) (85). Because the 12—-24-mo period also
usually involves the discontinuation of human milk and/or
infant formulas, the replacement fluids provide an important
source of energy and other nutrients but also involve trade-offs
and, often, diminishing sources of essential nutrients. Con-
sumption of many of these types of beverages may have ad-
verse health effects, including increased risk of obesity (86),
CVD (87), and anemia (88), among others. Excess quantities
of these fluids can also displace the appetite for healthful solid
foods, and certain beverages may be associated with adverse
outcomes such as irritable bowel syndrome and diarrhea.
Consequently, guidance is needed to specify a maximum
recommended intake of these beverages. Guidance is also
needed about the percentage of milk fat recommended for 12—
24-mo-olds to ensure proper neurodevelopment while mini-
mizing obesity and cardiovascular risk. Recent guidance from
the AAP (49) suggests reduced-fat milk for 12-24-mo-
olds who are believed to be at risk of obesity and/or cardio-
vascular risk. Similarly, with an increase in the prevalence
of allergies, the past 20 y has seen an increase in the types
of milk-alternative beverages offered (soy, rice, almond, co-
conut). The effect of these types of alternative milks compared
with human or cow milk on young children’s nutritional sta-
tus, nutrient intake, risk of allergies, and cardiovascular risk is
unclear.

Suggested systematic review questions

e s there a level (minimum and maximum) of cow-milk con-
sumption that is ideal for infants/toddlers aged 12-24 mo
o to support physical growth and development,
o to support cognitive/behavioral development, and
o to prevent increased risk of anemia and noncommuni-
cable conditions such as obesity and CVD?
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e What is the effect of different percentages of milk fat (eg,
whole, reduced, skim) on 12-24-mo-olds with regard to
o energy intake,
o neurologic development,
o obesity, and
o CVD risk?

e What are the effects of milk-alternative beverages (eg, soy,
rice, almond, and coconut beverages) compared with hu-
man or cow milk on children’s

o nutritional status,

o nutrient intake (eg, effect on vitamin D and calcium sta-
tus),

o risk of allergy, and

o CVD risk?

e What is the effect of juice consumption in this age group on

o risk of diarrhea,

o physical growth and development (decreased risk of
obesity or poor weight gain), and

o diet quality (ie, displacement of other foods in diet).

e What amount of free water is recommended for children
aged 12-24 mo to promote optimal growth and develop-
ment and adequate hydration and to limit displacement of
other foods in the diet?

Data and research priorities

e What are the consequences of the provision of human milk
to toddlers over 12 mo of age for
o physical growth and development,
o cognitive/behavioral and emotional development, and
o nutritional status (micronutrients, essential fatty acids,
etc)?

e What compositional changes (nutrients and/or bioactive
components) occur in human milk during the period of ex-
tended breastfeeding (>12 mo) that might affect the nu-
tritional status of these infants?

e What is the impact of the introduction of cow milk, alter-
native milks, and/or juice on allergies in infants/toddlers
aged 12-24 mo?

e What are the current consumption patterns of juice, alter-
native milks, and water in infants and toddlers in the US?

e What are the predictors of consumption of cow milk, alter-
native milks, and/or juice?

e Has the use of fortified/supplemented beverages changed in
infants/toddlers in the US in recent years and what is the
impact on

o physical growth and development and
o nutrient status?

e s there a critical period when the amount of milk fat or total
fat in the diet needs to be controlled to avoid increased risk
of CVD?

6. Implications of sleep patterns for infant/toddler
nutrition, growth, and health

Rationale

Short sleep duration and its relation with obesity risk, appetite,
and dietary quality is an emerging area of inquiry (89). Most
studies have been performed in adults and older children (90), but
there are also some cohort studies in infants and toddlers that have
shown a link between shortened sleep duration (<12 h in a 24-h
period) and increased BMI z score, subscapular and triceps
skinfold thicknesses, and odds of overweight among infants
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aged 0-24 mo (91). Moreover, short sleep duration is highly
prevalent, particularly among minority ethnic groups (92, 93),
and tends to persist into later childhood (94). Understanding the
mechanisms for the observed relation between sleep and obesity
comes primarily from the adult literature, where sleep restriction
has been associated with reduced leptin concentrations, in-
creased ghrelin concentrations, and increased appetite. Through
these studies, it is apparent that sleep plays an important role in
appetite, dietary quality, and subsequent obesity risk.

Suggested systematic review questions

e What is the effect of short sleep duration on obesity risk
among infants aged 0-24 mo?

e What is the effect of short sleep duration on appetite and
dietary quality among children consuming complementary
foods?

Data and research priorities

o Ifideal duration of sleep is 12 h of the 24 h, is there an ideal
duration of sleeping episodes, ie, is 12 continuous hours
better than 3 sessions of 4 h or some other combination?

e What is the impact of sleep periodicity on dietary intake
patterns?

e What are the predictors of documented differences in sleep
patterns/practices among different racial-ethnic groups?

e How does composition (quantity/quality) of the diet affect
sleep patterns?

e How do eating patterns (regular meals, on-demand feeding,
etc) affect sleep patterns?

7. “Microenvironmental” effects on the transition to the
adult diet—How do inborn responses to basic tastes,
learning and experience with food and eating influence the
transition to the adult diet during the period of 12-24 mo of
age?

Rationale

From birth to 24 mo, feeding occasions include the interaction
of the child, the caregiver, and the food. Each has a set of unique
characteristics that affect the nature and impact of this interaction
(95, 96). For example, child factors might include inborn taste
preferences, ability to learn, developmental level, and tempera-
ment; and the caregiver factors might include eating habits and
eating style. The interactions between child and caregiver include
feeding practices and parenting style. Finally, the food contrib-
utes via flavors, portion size, and energy/nutrient content. How
these myriad of factors affect feeding from 12 to 24 mo need to be
better understood.

Suggested systematic review questions

e How do children’s /) inborn ability to learn food likes and
dislikes (ie, the ability to learn to like or dislike foods and
other things via familiarization and associative learning
processes), 2) predispositions for basic tastes (ie, un-
learned liking to sweet, salty, or umami; rejection of sour
and bitter tastes), and 3) individual differences (ie, indi-
vidual differences in / and 2 due to genetic differences)
contribute to

o making the transition to consumption of the adult diet
(food preferences and dietary intake),
o growth and development, and

Data
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o risk of overweight/obesity?
How do parent/caregiver feeding practices affect
o the transition to the adult diet (food preferences and di-
etary intake, development of reactivity, self-regulation
of food intake),
o growth and development, and
o risk of overweight/obesity?
What food characteristics (eg, taste/flavor characteristics;
portion size; energy and nutrient density; novel or familiar)
affect the development of food preferences and dietary in-
take?
What factors (either from the child or the parent/caregiver)
precipitate or exacerbate “picky eating”?
What is the relation between picky eating and
o dietary intake (quality and quantity),
o long-term eating behaviors, and
o health outcomes (eg, growth and development and risk
of overweight/obesity)?
What factors contribute to the ability to self-regulate energy
intake?
Can changes in infant/toddler feeding patterns and/or envi-
ronmental characteristics affect the ability to self-regulate
energy intake?

and research priorities

Evidence for how children learn food likes and dislikes
(through familiarization, observational learning, and asso-
ciative learning)

How do children’s predispositions for basic tastes and in-
dividual differences (eg, temperament, previous experi-
ence with food in the first year of life) contribute to
making the transition to consuming the foods of the adult
diet?

e Evidence for food (energy) intake regulation in toddlers
e Examine the age at which the ability to self-regulate energy

intake begins to deteriorate

What factors (eg, feeding practices, palatability, schedule/
routine, and social context) contribute to this deterioration?
Can changes in infant/toddler feeding patterns and/or envi-
ronmental characteristics prevent or reduce the deteriora-
tion?

Evidence for parent/caregiver effects on the transition to the
adult diet (food preferences, intake patterns, and feeding
practices)

o Are new foods introduced systematically to promote ac-
ceptance?

o Is feeding responsive to child cues?

o Are there differences in general parenting style (eg,
authoritative, authoritarian, permissive), parents’/care-
givers’ own eating habits, and other characteristics
that affect a child’s developing food likes or dislikes
and developing reactivity and regulatory ability that
affect what foods are consumed, and how much is
consumed?

Evidence for the effects of food characteristics on liking
and intake (taste/flavor characteristics), portion size, and
energy and nutrient density? Novel or familiar?

Etiology of “picky eating” (including food refusal, food
jags) and consequences on dietary intake and eating behav-
iors. What factors precipitate or exacerbate picky eating and
how does picky eating affect dietary intake, long-term eat-
ing behaviors, and other outcomes?
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8. Factors affecting exposure to and impact of media (eg,
television, handheld computers, etc) in infants/toddlers

Rationale

Television viewing has been associated with increased risk of
adverse dietary outcomes including obesity risk (97). Advertising and
other marketing strategies to promote foods contribute to obesity (98),
and exposure to television may represent the earliest exposure to
a screen in 0-24-mo-old infants. Efforts to control exposure to ad-
vertisements that promote food may contribute to obesity prevention.
In addition, foods marketed to children are often high in sources of
fat and added sugars (99), so reduced consumption of foods adver-
tised on television may help reduce the risk of later CVD. Parents
and other caretakers model and control television time.

Suggested systematic review questions

e What are the impacts of exposure to advertising on food
choice? On food intake and weight status?
e What is the relation between screen time and
o growth and physical development,
o overweight/obesity, and
o cognitive, behavioral, or neuromuscular development in
infants and toddlers?

Data and research priorities

e What types and amounts of advertising are infants and tod-
dlers exposed to?

e What are the impacts of exposure to advertising on food
intake and weight status?

e What is the relation between screen time and

o growth and physical development,

o overweight/obesity, and

o cognitive, behavioral, or neuromuscular development in
infants and toddlers?

e Are there critical periods/milestones in cognitive develop-
ment that play a role in “receptivity” to the influence of
specific types of media?

e What impacts do caregivers and child care providers have
on infant and toddler screen time?

9. Impact of food insecurity on infant/toddler health and
development

Rationale

Household food insecurity (lack of access to an available and
nutritious diet) remains a major public health problem, affecting an
estimated 21.8% of US households with children under age 6 y.
Rates may be as high as 49.9% for low-income, female-headed
households with children (100). Toddlers in food-insecure house-
holds are at risk of numerous adverse health outcomes, including
iron deficiency, increased hospitalizations, poor perceived health,
and developmental delays (101-104). National nutritional programs
[eg, WIC, the Supplemental Nutrition Assistance Program
(SNAP)] reduce food insecurity. Further guidance is needed with
regard to the impact of food insecurity and programs designed to
address it on infant and toddler diet and health relations.

Suggested systematic review questions

e What is the relation between food insecurity in infants/tod-
dlers and
o cognitive, behavioral, or neuromotor development;
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o dietary intake/diet quality;

o poor perceived health;

o risk of iron deficiency/anemia;
o weight status?

Data and research priorities

e Prevalence of food insecurity in the US by demographic
characteristics/race-ethnicity
e Quality of dietary intakes of infants living in food-insecure
environments
e Primary sources of food for families living in food-insecure
environments
e Role of the household compared with other child care set-
tings in food-insecure settings
e Impact of the community on dietary quantity and quality for
food-insecure infants/toddlers including the following:
o National food assistance programs
o Community-based/charitable organizations
o Impact of episodic (eg, monthly or seasonal) compared
with chronic food insecurity on infant/toddler growth,
health, development
o Implications of the reduction of WIC benefits after the
first year of life on WIC participation and its impact on
infant/toddler food security, nutrition, and health

10. Specific food safety concerns for this population, such as
exposure to lead and mercury and potential choking risks
associated with food (texture, shape, etc)

Rationale

Because infants and toddlers increase their exposure to things
within their environment as a result of increasing mobility and
independent movement, they are at increasing risk of choking (105,
106) and exposure to potential toxic materials/substances in their
food and environment (107). Guidance is needed to limit exposure to
toxic/unsafe materials in the environment of infants and toddlers.

Suggested systematic review questions

e What dietary behaviors increase the risk of lead poisoning
among infants and toddlers?

e What dietary behaviors increase a toddler’s risk of expo-
sure to mercury among infants and toddlers?

e What food characteristics (ie, texture, shape) are associated
with increased risk of choking among infants and toddlers?

Data and research priorities

e What is the role of nutritional status (eg, general nutrition,
calcium/vitamin D, thiamine, etc) both as a predictor and an
outcome of heavy metal exposure?

e What is the role of body composition in heavy metal expo-
sure toxicity?

e What is the role of the caregiver? Are there parenting
“style” issues that might contribute to increased exposure
to either toxic material or choking risk?

e Are there differences in incidence of choking at home com-
pared with at daycare?

11. General food preparation, handling, and storage issues
related to this population

Rationale

Aside from general concerns about the safety of the infant food
supply (108), specific concerns related to toddler feeding include
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issues related to food preparation, “the 5 second rule,” and the
parental habit of carrying food for children for long periods
without refrigeration (109).

Suggested systematic review questions

e What is the risk of foodborne illness associated with con-
suming food that has been mishandled?

e What is the risk of foodborne illness associated with con-
suming food that has not been refrigerated properly?

Data and research priorities

e Who is the source of greatest risk—child/caregiver char-
acteristics?

e [srace or sex or type of caregiver (mother vs father vs other
givers) a predictor for this behavior?

e Are there nutritional risks/consequences?

WG 4: CAREGIVERS (MOTHERS, OTHER)—FACTORS
INFLUENCING NUTRIENT NEEDS, INFANT FEEDING
CHOICE, DIETARY QUALITY, AND FOOD HABITS

Chairs

Kathleen Rasmussen, Cornell University
Emily Oken, Harvard Medical School

WG members

Sara Benjamin-Neelon, Duke Global Health Institute
Sharon Donovan, University of Illinois

Laura Hubbs-Tait, Oklahoma State University

Cheryl Lovelady, University of North Carolina at Greensboro
Shelley McGuire, Washington State University

Topics

(Note: WG 4 developed a conceptual model to help identify
core themes and linkages to their topics. The model can be found
in Supplemental Figure 1 under “Supplemental data” in the
online issue.)

1) What maternal factors (other than dietary intake and/or
nutritional status) have been documented to affect lactation
initiation and success?

2) What predicts maternal feeding choices
o to feed human milk at the breast or with a bottle and
o to feed on demand or on schedule?

3) What are the relations of maternal feeding practices
and styles (including control, pressure, restriction, responsive/
intrusive/indulgent, and responsiveness to satiety and hunger
cues) to infant growth and physical development, overweight/
obesity, and eating behaviors?

4) What is the evidence for any benefit or harm of maternal
fish consumption during lactation?

5) What is the relation between lactating mothers’ energy
balance (energy intake, energy expenditure, and postpartum
weight loss) on breast-milk volume and composition, as well
as on infant growth and body composition?
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6) What are the maternal and caregiver predictors of infant
dietary quality (ie, what do we know about maternal and
caregiver adherence to dietary guidelines for infants and
how can we increase the number of infants and toddlers
who would benefit, especially low-income/high-risk in-
fants/toddlers)?

7) What are the effects of dietary patterns (eg, vegan, veg-
etarian, macrobiotic diets) on breast-milk composition?

8) What is the influence of maternal dietary intake on micro-
nutrients (including fat- and water-soluble vitamins) and
macronutrients (including total fat, n-3 PUFAs, n—6 PUFAs,
and trans fats) on human milk composition?

9) What are infant/children aged 0-24 mo being fed and
what are they consuming in nonparental child care set-
tings?

10) What are the effects (or lack thereof) of maternal alcohol
consumption during lactation on milk production, milk com-
position, and infant outcomes?

11) What are the effects (or lack thereof) of maternal caf-
feine consumption during lactation on milk production, milk
composition, and infant outcomes?

12) How can we assist women across the BMI spectrum to
reach national goals for breastfeeding duration?

13) What are the effects of maternal probiotic consumption
on human milk composition or infant outcomes?

1. What maternal factors (other than dietary intake and/or
nutritional status) have been documented to affect lactation
initiation and success (incorporating both duration and
intensity)?

Rationale

A number of factors may directly or indirectly affect the
initiation and success of lactation (110, 111). Recent studies
have emphasized factors such as delivery mode (cesarean
section compared with vaginal, preterm compared with term)
(112, 113) and maternal inflammatory conditions such as
obesity (114, 115), impaired glucose tolerance (116), and
mastitis (117, 118). Other factors could include the influence of
the postnatal hospital environment (eg, providing formula,
rooming-in) and pharmaceutical drug use during the peripartum
period (including antiinflammatory drugs). Any of these factors
can positively or negatively affect initiation or success of
lactation, leading to a child not being fed human milk as rec-
ommended; thus, a better understanding of the various factors
that potentially affect breastfeeding performance is needed to
inform future guidance targeting this age group and their
mothers/caregivers. A systematic assessment of these myriad of
factors will help women and their caregivers in making in-
formed decisions about best feeding choices for them and their
infants.

Suggested systematic review questions

e What impact does delivery mode (cesarean section com-
pared with vaginal delivery) have on lactation initiation
and sustainability?
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e What impact do maternal inflammatory conditions (eg,
eclampsia, diabetes, mastitis) have on lactation initiation
and sustainability?

e What impact do breast irregularities (eg, inverted nipples)
have on lactation initiation and sustainability?

e What impact do “baby-friendly” hospital practices (eg, not
providing formula, having access to a lactation specialist,
making rooming-in available) have on lactation initiation
and sustainability?

e What impact does pharmaceutical drug use during the peri-
partum period (including antiinflammatory drugs) have on
lactation initiation and sustainability?

e What impact do maternal factors such as /) delivery
mode (cesarean section compared with vaginal deliv-
ery), 2) maternal inflammatory conditions (eg, eclamp-
sia, diabetes, mastitis), and 3) “baby-friendly” hospital
practices (eg, not providing formula, making rooming-
in available) have on infant growth and physical de-
velopment?

Data and research priorities

e What impact do the following maternal factors have on in-
fant growth and physical development?
o Breast irregularities (eg, inverted nipples)
o Pharmaceutical drug use during the peripartum period
(including antiinflammatory drugs)

e What impact do the following maternal factors have on in-
fant immune system development, infection, or inflamma-
tion?

o Delivery mode (cesarean section compared with vaginal
delivery)

0 Maternal inflammatory conditions (eg, eclampsia, dia-
betes, mastitis)

o Breast irregularities (eg, inverted nipples)

o “Baby-friendly” hospital practices (eg, providing for-
mula, rooming-in)

o Pharmaceutical drug use during the peripartum period
(including antiinflammatory drugs)

2. What predicts the following maternal feeding choices 7)
to feed human milk at the breast or with a bottle and 2) to
feed on demand or on schedule?

Rationale

These maternal feeding choices are linked with infant health
outcomes (reviewed by WG 1) and knowledge of maternal
characteristics associated with these choices will allow targeting
of education/intervention to mothers who are least likely to
adhere to best feeding practices.

Suggested systematic review questions

The WG concluded that insufficient evidence/data exist to
support systematic reviews at this time.

Data and research priorities

e What predicts the maternal feeding choice to feed human
milk at the breast or with a bottle?

e What predicts the maternal feeding choice to feed on de-
mand or on schedule?

e What is the prevalence of feeding human milk in a bottle?
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3. What are the relations of maternal feeding practices and
styles (including control, pressure, restriction, responsive/
intrusive/indulgent, and responsiveness to satiety and
hunger cues) to infant growth and physical development,
overweight/obesity, and eating behaviors?

Rationale

Feeding styles and approaches differ greatly between women and
across cultures (119-121). The impact of different feeding styles
assumes greater importance in light of findings that 9.7% of infants
and toddlers in 2009-2010 NHANES have weight-for-recumbent
length >95th percentile (76). Furthermore, numerous reports have
documented that excessive infant weight gain predicts childhood
obesity (122-124). Finally, childhood overweight and obesity predict
multiple health and social outcomes in adolescence and adulthood.

Suggested systematic review questions

e What is the relation between maternal feeding style (including
control, pressure, restriction, responsive/pressuring/indulgent
styles, and responsiveness to satiety and hunger cues) and
infant/toddler growth and physical development (including
rapid weight gain, weight-for-length, BMI, or BMI 7 score)?

e What is the relation between maternal feeding style (including
control, pressure, restriction, responsive/pressuring/indulgent
styles, and responsiveness to satiety and hunger cues) and in-
fant, toddler, and childhood overweight/obesity?

e What is the relation between maternal feeding style (includ-
ing control, pressure, restriction, responsive/pressuring/in-
dulgent styles, and responsiveness to satiety and hunger
cues) and infant/toddler feeding/eating behaviors (eg, speed
of eating; Baby Eating Questionnaire subscales)?

Data and research priorities

e Research on impacts of other caregivers’ feeding styles on
infant/toddler outcomes

o Longitudinal studies and RCTs of interventions to increase
parenting that is authoritative (ie, high in responsivity and
appropriate limit setting)

4. What is the evidence for any benefit or harm of maternal
fish consumption during lactation?

Rationale

Awareness has been raised about the potential risks and benefits
of seafood consumption in the context of maternal and child health
(125). Consequent to the concerns raised, a systematic review of
the extant evidence with regard to risk/benefit of maternal seafood
consumption is needed to further refine existing recommendations.
A specific need is the review of the evidence related to lactating
mothers and breast-milk content and infant health outcomes.

Suggested systematic review questions

e What are the effects of maternal fish consumption on
0 human milk composition and
o infant growth, immune function, and neurologic devel-
opment?

Data and research priorities

e Randomized trials of interventions to change fish consumption
(amount/composition) among pregnant/lactating women.

e Observational studies including information on all 3 factors
of interest and their impact on human milk composition and
infant outcomes. The 3 factors are as follows:
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o fish intake,

o mercury intake/concentrations, and

o n—3 LC-PUFA intake/concentrations in mothers, their
milk, and their infants.

5. What is the relation between lactating mothers’ energy
balance (energy intake, energy expenditure, and
postpartum weight loss) on breast-milk volume and
composition, as well as on infant growth and body
composition?

Rationale

More than two-thirds of women in their childbearing years are
overweight or obese. In addition, more than one-half of women
gain more weight during pregnancy than recommended by the
IOM. A bidirectional relation exists between body composition
and lactating performance (ie, body composition affects lactation
and vice versa) (126-128). Approaches to addressing these re-
lations during pregnancy (129) (eg, exercise, weight loss, diet,
etc) and lactation (130, 131) have been explored. Concerns
about these relations may lead to practices that might be
counterproductive in terms of both maternal needs and lactation
success. Thus, women need guidance on how to lose excess
weight during lactation, without compromising breast-milk
volume and/or composition and, ultimately, infant growth.

Suggested systematic review questions

e What is the relation between lactating mothers’ energy
intake (including “dieting”), energy expenditure (including
exercise), and postpartum weight loss (independently and
in combination) with

o0 human milk volume,
0 human milk composition, and
o infant growth and/or body composition?

Data and research priorities

e Prevalence of “dieting” in lactating women in the United
States including potential difference by race-ethnicity

e Nature of diets commonly used, such as

o caloric restriction,

o changes in macronutrient intake (“low carb,” high-protein,
etc), and

o use of dietary supplements as weight-loss aids (nutrient-
based supplements and herbals/botanicals)

e [sthere an ideal timing for interventions to affect body com-
position postpartum?

e s there a difference between reducing total calories com-
pared with reducing specific macronutrient components
(protein, fat, carbohydrate) on weight loss, milk composi-
tion/volume, or infant health outcomes?

6. Maternal and caregiver predictors of infant dietary
quality (ie, what do we know about maternal and caregiver
adherence to dietary recommendations for infants and how
can we increase the number of infants and toddlers who
would benefit from improved adherence to dietary
recommendations, especially low-income/high-risk infants/
toddlers?)

Rationale

Disparities have been reported, irrespective of setting, between
national dietary recommendations and actual dietary intakes of
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women, infants, and children (132, 133). Evidence exists to
explain how and why mothers/caregivers might be able to im-
plement and adhere to dietary recommendations effectively
(134). There is also a growing appreciation of the potential
impact of child care providers (beyond parents) on infant and
young child diet and nutrition (135, 136). A need exists for
analyses to inform policymakers, practitioners, and educators
about which mothers/caregivers are most at risk of not adhering
to dietary guidelines or best practices, and how to intervene to
increase adherence. This topic is a needed research agenda topic
after the 2020 DGA is implemented.

Suggested systematic review questions

Because no current guidelines exist that address infants/
children aged 0-24 mo, no data/evidence exist that are specifi-
cally relevant to this age group. Consequently, no evidence is
available to support systematic reviews.

Data and research priorities

(The WG suggested that the following questions be in-
vestigated in the future, after guidelines are developed and data
can be generated in response to that guidance in relevant target
groups.)

e What are the maternal and caregiver predictors of infant

diet quality and/or adherence to the DGA?

e Does maternal/caregiver/child care provider adherence to
dietary guidelines/best practices affect the infant’s or tod-
dler’s

o diet quality or dietary intake and
o growth and physical development?

e What are the modifiable mediators (ie, potential interven-

tion targets) in addition to
o parental socioeconomic status and education,
o nutrition knowledge, and
o self-efficacy and motivational variables?

7. What is the influence of maternal dietary intake on
micronutrients (including fat- and water-soluble vitamins)
and macronutrients (including total fat, n-3 PUFAs, n-6
PUFAs, and trans fats) on human milk composition?

Rationale

A basic understanding exists on the nutrient and bioactive
component composition of human milk (137) and the impact of
maternal diet and nutritional status on infant nutrient intake
(138). Of the dietary essential nutrients, human milk content of
lipids (total and fatty acid composition) (139) and specific water-
soluble and fat-soluble vitamins (140, 141) are most affected by
maternal diet. Hence, breastfeeding mothers will need guidance
to ensure optimal human milk composition.

Suggested systematic review questions

e What is the relation between maternal dietary water-soluble
vitamin intake and human milk water-soluble vitamin com-
position?

e What is the relation between maternal dietary fat-soluble
(vitamin) intake and human milk fat-soluble composition?

e What is the relation between maternal dietary fat intake and
human milk fat composition?
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Data and research priorities

Data on specific conditions that might affect milk compo-

sition via

e changes in maternal intake patterns (eg, consequent to ill-
ness and/or treatment)

e impact of acute and/or chronic inflammation on milk com-
position (including amounts of nutrients or immune com-
ponents)

e impact of xenobiotics including bioactive components of
food or drugs on nutrient composition with particular em-
phasis on lipid soluble drugs

8. What are the effects of dietary patterns (eg, vegan,
vegetarian, macrobiotic diets) on breast-milk composition?

Rationale

Although a basic knowledge of the nutrient and bioactive
components of human milk exists (137), our understanding of the
factors that influence that composition is still evolving.

It is clear that maternal intake can affect the concentrations of
some nutrients in human milk (eg, lipids and some vitamins),
whereas other nutrients are unaffected (eg, protein, lactose, most
minerals). Certain restricted or “unconventional” dietary patterns
(eg, vegetarianism, vegan diet, macrobiotic diets, etc) may affect
these relations (142, 143). Because of the intimate relation be-
tween maternal diet/practices and human milk composition,
guidance is needed with regard to the impact of restricted di-
etary patterns on maternal and infant nutrition during lactation.

Suggested systematic review questions

e What is the relation between a maternal vegan dietary pat-
tern during lactation and human milk composition?

o What is the relation between a maternal vegetarian dietary
pattern during lactation and human milk composition?

e What is the relation between a maternal macrobiotic diet
during lactation and human milk composition?

Data and research priorities

e Prevalence of specific dietary patterns in the general pop-
ulation of women of reproductive age
Behavioral/ethnic/cultural predictors

Impact of special dietary patterns on maternal body com-
position and health during pregnancy/lactation

Impact of maternal special dietary patterns on nutritional
status of infants (not just dietary quality)

Impact on infant body composition and neurologic devel-
opment

9. What are infants/children aged 0—24 mo being fed and
what are they consuming in nonparental child care
settings?

Rationale

A large number of children in the United States are cared for
outside of the home and receive one or more meals and snacks in
nonparental child care settings. Today, ~40% of infants and
toddlers are cared for outside of the home for ~30 h/wk (144).
A body of evidence is emerging that documents the impact of
differing child care settings on infant/toddler diet and nutrition
(145-147). Efforts have been made to provide guidance for di-
etary/nutritional care in child care settings (148). A need exists
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for a systematic review of the evidence to provide evidence-
based guidance to parents and caregivers and to provide a better
understanding of the impact of this important trend.

Suggested systematic review questions

e What is the relation between out-of-home feeding and in-
fant/toddler dietary intake?

e What is the relation between out-of-home feeding and in-
fant/toddler diet quality?

e What is the relation between out-of-home feeding and in-
fant/toddler dietary behaviors?

Data and research priorities

e Description of what children are fed in out-of-home care
settings [existing data sets can provide some information
(NHANES), but additional sources of data are also needed]

e Research on more informal types of child care is limited

e Research on dietary intake of infants in nonparental child
care settings is extremely limited

e Are there data to assess potential differences in health
outcomes in infant/children in out-of-home child care
settings?

10. Effects of maternal alcohol consumption during
lactation on milk production, milk composition, and infant
outcomes

Rationale

Many perceptions exist about the impact of alcohol on various
aspects of lactation (149). A need exists to amalgamate the extant
evidence to address the validity of these perceptions.

Suggested systematic review questions

e What are the effects of (or associations between) maternal
alcohol consumption during lactation on human milk caf-
feine concentration?

e What are the effects of (or associations between) maternal
alcohol consumption during lactation on human milk vol-
ume (or infant milk consumption)?

e What are the effects of (or associations between) maternal
alcohol consumption during lactation on infant (ages 0—6 mo)
behavior (specifically suckling and sleep)?

Data and research priorities

e What data exist with regard to the use of alcohol by lactat-
ing women in the United States?
e Are there groups at greater risk of alcohol use?
o Behavioral characteristics?
o Ethnic/cultural influences?
o Use of other recreational drugs?
e Are there common perceptions about the use of alcohol and
what are their prevalence?
e What are the effects of maternal alcohol consumption dur-
ing lactation on
o human milk composition (other than alcohol),
o infant and toddler (ages 0—24 mo) growth and physical
development, and
o infant and toddler (0—24 mo) cognitive, behavioral, and
neuromotor development?
o [sthere a dose-response, safe dose, or upper limit of alcohol
that imparts any benefit?
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11. Effects (or lack thereof) of maternal caffeine
consumption during lactation on milk production, milk
composition, and infant outcomes

Rationale

Caffeine exposure continues to increase in the general pop-
ulation. The potential impact of maternal caffeine consumption on
infant health has not been clearly delineated (150, 151). A need
exists to assess the impact of caffeine exposure on various aspects
of lactation as well as on relevant health outcomes in infants.

Suggested systematic review questions

e What are the effects of (or associations between) maternal
caffeine consumption during lactation on human milk caf-
feine concentration?

e What are the effects of (or associations between) maternal
caffeine consumption during lactation on human milk vol-
ume (or infant milk consumption)?

e What are the effects of (or associations between) maternal
caffeine consumption during lactation on infant (ages 0-6
mo) behavior (specifically suckling and sleep) as well as
on growth?

Data and research priorities

e What data exist with regard to the use of caffeine by lac-
tating women in the United States?
e Are there groups at greater risk of caffeine use?
o Behavioral characteristics?
o Ethnic/cultural influences?
o Use of other recreational drugs?
e Are there common perceptions about the use of caffeine and
what are their prevalence?
o What are the effects of maternal caffeine consumption dur-
ing lactation on
o human milk composition,
o infant caffeine concentrations (ie, does caffeine reach
the infant via human milk),
o infant and toddler (ages 0—24 mo) growth and physical
development, and
o infant and toddler (0-24 mo) cognitive, behavioral, and
neuromotor development?
o [sthere a safe dose of caffeine or an upper limit for its intake
that imparts any benefit?

12. How can we assist women across the BMI spectrum to
reach national goals for breastfeeding duration?
Rationale

A substantial literature exists that documents an association between
higher maternal BMI and difficulty initiating and sustaining breast-
feeding in most—but not all—populations that have been studied
(111, 115, 127, 152, 153). An evaluation of this literature is needed to
provide guidance to mothers who are dealing with this issue.

Suggested systematic review question

e What are the effects of maternal body composition/weight
status on initiation (ever breastfeeding) and duration of
breastfeeding?

Data and research priorities

e What is the relation between maternal body composition/
weight status and
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o0 human milk volume and

0 human milk composition [macronutrients (fat, protein),
micronutrients (vitamins/minerals), and bioactive com-
ponents (eg, oligosaccharides, lactoferrin, etc)]?

e What are the obstacles to achieve current breastfeeding
goals (eg, initiation, exclusive breastfeeding for up to 6
mo, etc) and how can women (particularly overweight
and obese women) achieve them?

e What are the effects of maternal body composition/weight
status on growth and development of infants and toddlers
from age 0 to 24 mo?

e What are the plausible biological mechanisms that might
explain difficulties in initiating/sustaining breastfeeding
in women with a high BMI?

o What is the role of inflammation?
o How might such information be used to identify bio-
markers of risk for poor breastfeeding performance?

13. What are the effects of maternal probiotic consumption
on human milk composition or infant outcomes?

Rationale

The importance of the various human “microbiomes” (gas-
trointestinal, vaginal, oral, and milk) has emerged as a major
focal point of activity, both clinically and from a research per-
spective. As these microbial populations are better character-
ized, much information is learned about factors that might affect
their growth, maintenance, and effect on host health. The role of
maternal probiotic consumption during pregnancy/lactation and
its influences on maternal and infant microbiomes remains un-
determined. [Note: because this is an emerging area of scientific
inquiry, WG 4 (as did WG 1) has designated this as being part of
a perceived “research agenda,” rather than a high priority for
a systematic literature review at this time. There is very little
research on this topic; and with the recent description of the
human milk microbiome (154), and its potential as both a pro-/
prebiotic (155), this topic will likely assume great importance to
infant health.]

Suggested systematic review questions

The WG concluded that insufficient evidence/data exist to
support systematic reviews at this time.

Data and research priorities

e What is the prevalence of probiotic use in lactating women
in the United States (ie, use of any probiotics compared
with use of specific probiotics, and if so, which ones)?

e What is the evidence to support the use of probiotics to

o improve maternal gastrointestinal function,

o improve maternal overall health including immune
function,

o improve lactation (performance/milk composition), and

o improve infant health (growth, immune function)?
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