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Report of a Meeting
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ABSTRACT
Nationally representative data from mother–child dyads that capture
human milk composition (HMC) and associated health outcomes
are important for advancing the evidence to inform federal nutrition
and related health programs, policies, and consumer information
across the governments in the United States and Canada as well
as in nongovernment sectors. In response to identified gaps in
knowledge, the National Institute of Diabetes and Digestive and
Kidney Diseases of the NIH sponsored the “Workshop on Human
Milk Composition—Biological, Environmental, Nutritional, and
Methodological Considerations” held 16–17 November 2017 in
Bethesda, Maryland. Through presentations and discussions, the
workshop aimed to 1) share knowledge on the scientific need for
data on HMC; 2) explore the current understanding of factors
affecting HMC; 3) identify methodological challenges in human
milk (HM) collection, storage, and analysis; and 4) develop a vision
for a research program to develop an HMC data repository and
database. The 4 workshop sessions included 1) perspectives from
both federal agencies and nonfederal academic experts, articulating
scientific needs for data on HMC that could lead to new research
findings and programmatic advances to support public health; 2)
information about the factors that influence lactation and/or HMC;
3) considerations for data quality, including addressing sampling
strategies and the complexities in standardizing collection, storage,
and analyses of HM; and 4) insights on how existing research
programs and databases can inform potential visions for HMC

initiatives. The general consensus from the workshop is that the
limited scope of HM research initiatives has led to a lack of robust
estimates of the composition and volume of HM consumed and,
consequently, missed opportunities to improve maternal and infant
health. Am J Clin Nutr 2019;110:769–779.

Keywords: bioactives, breastfeeding, human milk microbiome,
infant nutrition, lactation, maternal nutrition, milk volume, nutrients,
nutrient composition, food composition database

Introduction
The US Department of Health and Human Services (HHS) and

the USDA are jointly mandated to publish the Dietary Guidelines
for Americans (Dietary Guidelines) every 5 y (1, 2). Since the
1990 edition, the Dietary Guidelines has provided guidance for
Americans aged 2 y and older; however, the Agricultural Act of
2014 mandated that starting with the 2020–2025 edition, it must
also provide guidance for women who are pregnant and infants
and toddlers from birth to age 24 mo (P/B-24) (3). Nationally
representative data on P/B-24 populations, including data from
mother–child dyads that capture human milk composition (HMC)
and associated health outcomes, are important to advancing the
science base used to inform the Dietary Guidelines (4, 5) and
Canada’s Food Guide (6). In addition, these data would fill

Am J Clin Nutr 2019;110:769–779. Printed in USA. Published by Oxford University Press on behalf of the American Society for Nutrition 2019. This work is
written by (a) US Government employee(s) and is in the public domain in the US. 769
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critical gaps in scientific knowledge to support a broad number of
future nutrition and related health programs, policies, regulations,
and consumer information across the federal governments in
the United States and Canada as well as in the nongovernment
sector.

The USDA’s Agricultural Research Service (ARS) has main-
tained the United States’ primary food composition database, the
National Nutrient Database for Standard Reference (SR) (7, 8),
which includes nutrient composition of human milk (HM). SR
supports the country’s work on food policy, research, dietary
practice, and nutrition monitoring (8). It is used to derive much
of the data in the standard Canadian food composition database,
the Canadian Nutrient File, which also contains food and nutrient
data unique to the Canadian market (9).

Publicly available HMC data are outdated; a literature review
identified only 28 studies on macro- and micronutrient content
of HM over 37 y (1980–2017), and most studies were published
before 1990 with relatively small sample sizes and limited
generalizability (10). Consequently, ARS collaborated with
the Office of Disease Prevention and Health Promotion of
HHS and the sponsoring agency for this workshop, the Office
of Nutrition Research of the National Institute of Diabetes
and Digestive and Kidney Diseases of the NIH of HHS, to
hold the “Workshop on Human Milk Composition—Biological,
Environmental, Nutritional, and Methodological Considerations”
on 16–17 November 2017 in Bethesda, Maryland.

The aims of the workshop were to 1) discuss the scientific
needs for HMC data; 2) explore the current understanding of
factors affecting HMC; 3) identify methodological challenges in
HM collection, storage, and analysis; and 4) develop a vision
for a research program to develop an HMC data repository and
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database. The purpose of this article is to provide an overview of
the workshop.

Overview of Workshop and Sessions
Federal agencies in the United States and Canada and non-

federal academia participated in the workshop (Supplemental
Table 1). Nonfederal experts were invited to inform federal
agencies by presenting the state-of-the-science on topics. The
workshop was divided into four sessions of theme-related
presentations (Table 1) (11). A summary of each is provided next.

Session 1: Scientific Needs for Data on Human Milk
This first session (Table 1) focused on select, broad applica-

tions of HMC relevant to sectors of the federal governments (i.e.,
science, policy, and regulations) and research (i.e., in academic
and medical settings) (Figure 1). The organizers acknowledged
that additional stakeholders and priority areas beyond those
represented exist.

Dietary guidance and nutrition monitoring in the United
States and Canada

The Dietary Guidelines is the cornerstone of federal food,
nutrition, and health programs and policies in the United States.
Its scientific basis is supported by systematic reviews of the
literature and data analyses, including national estimates of
chronic disease prevalence, food and nutrient intakes, nutrient
content of foods, and food pattern modeling analyses (i.e.,
estimates of the effects on diet quality of possible changes in
types or amounts of foods recommended) (1).

NHANES includes children in the United States starting from
birth and provides important insights into nutrition and other
exposures. Although substantive data are available on dietary
intake, data on the variations in composition and volume of HM
consumed by infants are limited and are needed to provide a more
complete picture of infant exposures. Unfortunately, acquiring
HM samples through NHANES to study their composition is not
currently feasible due to small numbers of lactating participants
in NHANES and considerations of respondent burden (Kathryn
Porter, National Center for Health Statistics, CDC, HHS, to Kellie
Casavale, Office of Disease Prevention and Health Promotion,
Office of the Assistant Secretary for Health, HHS, personal
correspondence, January 2017).

HM is a unique complex biological substance. The milk
produced by the mother and fed to her biological infant shares
genetic and environmental similarities to that of the mother
and child. The American Academy of Pediatrics recommends
exclusive breastfeeding for ∼6 mo followed by continued
breastfeeding as complementary foods are introduced through
≥1 y of age (12). Canadian health organizations recommend
breastfeeding exclusively for the first 6 mo and sustained for ≤2
y or longer with appropriate complementary feeding (13, 14).
Thus, for many infants, HM is either their sole source or a major
contributor to their food intake.

The DRIs (15) underpin the Dietary Guidelines and numerous
other public health initiatives (16), but DRIs for infants are almost

https://academic.oup.com/ajcn/
mailto:Kellie.oconnell@fda.hhs.gov
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TABLE 1 Workshop sessions and presenters

Workshop session Presentation Presenters, panelists, and moderators1

Session 1: Scientific Needs for Data on
Human Milk

Perspectives from Federal Agencies Kellie O Casavale,2 ODPHP, OASH, HHS

Perspectives from Nonfederal
Academic Researchers

Shelley McGuire,3 Washington State University

Panel discussion Douglas Balentine,2 CFSAN, FDA, HHS
Panel discussion Mandy Brown Belfort,3 Brigham and Women’s

Hospital, Harvard Medical School
Panel discussion Bruce German,3 University of California, Davis
Panel discussion Deborah Hayward,2 Bureau of Nutritional Sciences,

Health Canada
Panel discussion Erin Hines,2 NCEA, EPA
Panel discussion James P McClung,2 Military Nutrition Division, US

Army Research Institute of Environmental
Medicine, Department of Defense

Panel discussion Shelley McGuire,3 Washington State University
Panel discussion Cria G Perrine,2 National Center for Chronic Disease

Prevention and Health Promotion, CDC, HHS
Panel Discussion Catherine Spong,2 NICHD, NIH, HHS
Panel discussion Kathleen Rasmussen,3 Cornell University
Moderator Pamela Pehrsson,2 BHNRC, ARS, USDA
Moderator Kellie O Casavale,2 ODPHP, OASH, HHS

Session 2: Influential Factors on Human
Milk Composition

Biology of Lactation and Human
Milk

Margaret (Peggy) Neville,3 University of Colorado,
Denver (Emerita)

Components of Human Milk Lactation and Milk: The Roughs and
the Smooths, Milk’s Constant and
Dynamic Dimensions

Bruce German,3 University of California, Davis

Milk Proteins and Peptides:
Bioactivity, Characterization, and
Quantification

David Dallas,3 Oregon State University

Micronutrients in Human Milk:
Implications for Recommended
Intakes and Study Design

Lindsay H Allen,2 USDA ARS Western Human
Nutrition Research Center, Davis

Milk’s Non-Nutritive Components
and Microbiome in Brief

Shelley McGuire,3 Washington State University

Milk Exosomes and RNA Cargos Janos Zempleni,3 University of Nebraska–Lincoln
Panel discussion Presenters (named previously)
Moderator Jaspreet KC Ahuja,2 BHNRC, ARS, USDA

Primary Factors Affecting Lactation
and/or Human Milk Composition

Considerations of Time Intervals,
Timing, and Time Frame in
Sampling Human Milk

Laurie Nommsen-Rivers,3 University of Cincinnati

Variation in Human Milk
Composition: Maternal Factors

Ardythe L Morrow,3 Cincinnati Children’s Hospital
Medical Center

Factors that Affect Milk
Composition: Maternal Diet

Kathleen Rasmussen,3 Cornell University

Environmental Chemicals in Breast
Milk and Formula

Erin Hines,2 NCEA, EPA

Panel discussion Presenters (above)
Moderator Jaspreet KC Ahuja,2 BHNRC, ARS, USDA

Session 3: Considerations for Data Quality
Sampling Strategies Population-Based Sampling: Practice

and Considerations
Amy Branum,2 NCHS, CDC, HHS

Practical Considerations in Sampling
Human Milk Composition and
Breast Milk Intake Volumes in the
US

Laurie Nommsen-Rivers,3 University of Cincinnati

Considerations and Complexities in
Standardizing Collection, Storage,
and Analysis

Effects of Sampling, Sample
Handling, and Analysis on Human
Milk Composition Data:
Retrospective View

Xianli Wu,2 BHNRC, ARS, USDA

Considerations and Complexities in
Standardizing Milk Collection and
Storage: Focus on Micronutrients

Lindsay H Allen,2 USDA ARS Western Human
Nutrition Research Center, Davis

Considerations and Complexities in
Standardizing Milk Collection,
Storage, and Analysis: Milk Lipids
and Microbiome

Mark McGuire,3 University of Idaho

(Continued)
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TABLE 1 (Continued)

Workshop session Presentation Presenters, panelists, and moderators1

Considerations of Human Milk
Analysis with Respect to
Macronutrient Properties, Donor
Milk Processing, and Milk
Thickening

Jae Kim,3 University of California, San Diego

Panel discussion Presenters (above)
Moderator Xianli Wu,2 BHNRC, ARS, USDA

Session 4: Developing a Vision to
Establish a Research Program
for Human Milk Composition

Best Practices for Human Milk
Content Measurements, Analysis,
and Databasing

Shankar Subramaniam,3 University of California,
San Diego

Human Milk in the Internet of Food:
How, What, When, Where, Why

Matthew Lange,3 University of California, Davis

Sharing Visions Overview of the ECHO Program Manjit Hanspal,2 ECHO program, NIH, HHS
Nutrient Data Laboratory’s Vision

for the Human Milk Composition
Database

Jaspreet KC Ahuja,2 BHNRC, ARS, USDA

A Vision for the Human Milk
Composition Database of the
United States and Canada

Ardythe L Morrow,3 Cincinnati Children’s Hospital
Medical Center

Human Milk and Nutrition Research
at NIH

Christopher J Lynch,2 NIDDK, NIH, HHS

Panel discussion Presenters (above)
Moderator Pamela Pehrsson,2 BHNRC, ARS, USDA
Next Steps for Development of a

Research Program Proposal
Pamela Pehrsson,2 BHNRC, ARS, USDA

1Presenter affiliations are abbreviated as follows: ARS, Agricultural Research Service; BHNRC, Beltsville Human Nutrition Research Center; CFSAN,
Center for Food Safety and Applied Nutrition; ECHO, Environmental influences on Child Health Outcomes; EPA, Environmental Protection Agency; HHS,
US Department of Health and Human Services; NCEA, National Center for Environmental Assessment; NCHS, National Center for Health Statistics;
NICHD, Eunice Kennedy Shriver National Institute of Child Health and Human Development; NIDDK, National Institute of Diabetes and Digestive and
Kidney Diseases; OASH, Office of the Assistant Secretary for Health; ODPHP, Office of Disease Prevention and Health Promotion.

2Federal participant.
3Invited, nonfederal academic expert.

entirely based on Adequate Intakes due to the lack of appropriate
data with which to set RDAs. As a result, Estimated Average
Requirements (EARs), needed for evaluating and monitoring
the adequacy of intakes in populations, are not available for

infants from birth to age 6 mo; for infants aged 7–12 mo, only
EARs for protein, iron, and zinc have been determined. No
Acceptable Macronutrient Distribution Ranges (e.g., fat, protein,
or carbohydrate intake) have been established for infants (17).

FIGURE 1 Examples of connections between human milk composition data and federal initiatives in the United States and Canada.
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Food standards and regulations

The FDA, ARS, and Health Canada delegations, among
others, help set standards through the Codex Alimentarius for
infant formulas (18) that are used in conjunction with national
regulations (19, 20). New HMC data could inform regulatory
requirements for infant formulas for both term and preterm
infants and guide manufacturers of HM fortifiers for preterm
infants. In turn, these advancements would also lead to updates
in food composition databases as products are reformulated.

Public health applications

The Eunice Kennedy Shriver National Institute of Child
Health and Human Development within the NIH, among
others, indicated interest in studying the impact of maternal
characteristics on lactation performance and HM characteristics,
including endocrine and metabolic factors and signaling path-
ways that regulate mammary differentiation in late pregnancy,
at parturition, and during lactation, and genetic and epigenetic
elements that affect heritability of lactation-related traits. Also,
they acknowledged that the long-term implications of various
exposures (e.g., therapeutic drugs and drugs of abuse, hormones,
and dietary intake) on lactation performance are understudied.

At the time of the workshop, the CDC’s web page on
storage and handling of HM was one of the most visited among
its nutrition and breastfeeding web pages (21), highlighting
the relevance of integrating “real-world” exposures into the
methodology for studying HMC. Pumping, storing, thawing,
reheating, and using leftover HM expressed when the infant
was younger may affect its composition and, therefore, what is
ultimately consumed by the infant (22).

Influenced by the aforementioned expression, storage, and
handling behaviors, HM can contain harmful bacteria (and
viruses) but is known to also contain innate beneficial bacteria.
In addition to the nutritive content of HM, the US Environmental
Protection Agency (EPA) and other federal departments are
interested in better understanding and monitoring environmental
chemicals present in HM (23). Establishing threshold values
for potentially harmful environmental chemicals and bacterial
counts (apart from beneficial bacteria) could help protect children
consuming HM.

Ultimately, to understand the impact of early life nutrition
exposures on long-term health, the role of HM in modulating
infant outcomes must be studied. Current data are needed
to answer the key question: Does breastfeeding modify the
programming of infants at risk for metabolic disorders of infancy
(inborn) as well as those that develop in childhood and adulthood

(e.g., obesity, diabetes, cancer, and cardiovascular disease)?
Those answers may also play a role in improving national
security in the United States because obesity is currently the most
common reason for medical disqualification for military service
(24). Decreasing the incidence of obesity in the United States
may be a long-term investment to address its role in limiting the
number of individuals qualified for military service.

Overview of perspectives from nonfederal academic
researchers

Nonfederal academic researchers described that research on
HM and lactation can be categorized as addressing acute
(illness prevention at early postpartum) and chronic (health
promotion) health effects in mothers and infants. These health
effects may differ in general infant populations and in more
vulnerable populations such as infants born preterm. Answering
basic scientific questions about HMC is a crucial foundational
step from which consistent methods and approaches can be
established to advance understanding HMC related to human
health (Figure 2).

First, there is a need to characterize the components of HM
produced by healthy women who are nursing healthy infants to
establish reference values (e.g., averages and ranges of values,
sometimes referred to as “normal” composition). Subsequently,
epidemiologic and intervention studies would elucidate the
relations between variability in HM and maternal and infant
health outcomes; further details are described in the sections on
Sessions 3 and 4.

Session 2: Influential Factors on Human Milk
Composition

Session 2 addressed the biology of lactation and what is known
and undiscovered about HMC and factors that affect it. HM
is a biological fluid with many biologically active and living
components undergoing synthesis, transport, and turnover on a
regular basis. Changes in biosynthetic pathways and transport
processes can lead to differences in composition, such as those
that occur within the first few days postpartum.

Components of human milk

Macronutrients.

HM provides amino acids for infant protein synthesis and
growth as well as numerous proteins and peptides with other

FIGURE 2 Conceptual sequence of research steps for understanding the relations between human milk composition and human health.
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specific biological functions, including immunoglobulins, lacto-
ferrin, lysozymes, proteases and protease inhibitors, bile salt-
activated lipase, and peptide hormones (25–28). Similarly, the
fat in HM is a complex collection of globules (referred to as
milk fat globules) with diverse chemical structures. Digestible
carbohydrate is the macronutrient with the highest concentration
in HM, and lactose is considered the least variable macronutrient
(29). HM also contains a high concentration of nondigestible
carbohydrates, which are discussed later.

Micronutrients.

Research is limited on micronutrient status of women who are
lactating in the United States and Canada. International studies
have shown that poor maternal nutritional status is associated
with reduced concentrations of most vitamins and some minerals;
intake of maternal supplements and fortified foods increases these
concentrations in HM (30).

Work is underway outside the United States and Canada
to determine the micronutrient composition of HM collected
from well-nourished women to study the relation between
maternal and infant micronutrient status. These data will enable
comparisons for evaluating the micronutrient quality of HM
from populations in the United States and Canada, contribute to
evidence to support revisions to DRIs for mothers and infants,
and clarify the effectiveness of micronutrient interventions during
lactation (31, 32).

Other biologically active components.

A myriad of nutritive components in HM do not fit the classical
definition of “nutrients,” including hormones, enzymes, immune
factors and cells, glycoproteins, nitrates/nitrites, and nucleotides.
HM also contains many oligosaccharides, nondigestible carbo-
hydrates (29), and new evidence is emerging on their structures
and functions (22, 33–35). In addition, although previously
considered sterile, HM is now known to contain a host of viable
bacteria described as the HM microbiome, which appears to
be unique to the individual (36). HM oligosaccharides are a
food source for unique microbiological communities within the
gastrointestinal tract of the infant. HM also contains extracellular
vesicles called exosomes (37), which are secreted by cells
and participate in cell-to-cell communication via transfer of
regulatory cargos such as microRNAs. MicroRNA encapsulation
in exosomes in HM protects them against degradation in
the gastrointestinal tract (38, 39), and they are bioavailable
(40–42).

Primary factors known to affect lactation and/or human
milk composition

Time.

HMC is influenced by time frames (e.g., lactation period,
season, and circadian rhythms), time intervals (e.g., time since
previous breast emptying and duration of feedings), and time
relative to maternal exposures (e.g., meals, pathogens, and
supplements).

Milk volume also changes over time, rising rapidly in the first
week from <20 mL/d at birth to ∼500 mL/d at day 5 (43).

Between ages 3 and 6 mo, the average HM volume consumed
has been estimated to be ∼750 mL per 24 h among exclusively
breastfed infants (43), but less is known about lower and upper
limits of observed volumes consumed to support healthy growth
among exclusively breastfed infants (44, 45).

Maternal characteristics and health.

Maternal characteristics, including health status, can influence
HMC. Maternal age at parturition is associated with differences
in fatty acid HMC (46). In addition, maternal BMI and plasma
insulin concentrations are reported to influence insulin concen-
trations in HM. In turn, women with high BMI during pregnancy,
gestational diabetes mellitus, and insulin resistance are reported
to have a decrease in HM volume (47, 48). In addition,
premature delivery is associated with lower HM concentrations
of DHA and vitamin A (49) and higher concentrations of protein
(50).

Maternal genetic polymorphisms can influence immune and
nutritional characteristics of HM. Most notably, polymorphisms
in the fucosyltransferase genes FUT2 and FUT3 strongly
influence the phenotype and quantity of the HM oligosaccharide
fraction (51, 52). Polymorphisms in fatty acid desaturase genes
influence the ability to elongate precursor fatty acid molecules
and, hence, arachidonic acid and DHA availability in HM when
dietary intake is limited (53). However, more research is needed
on other polymorphisms that might impact HMC.

Maternal diet.

Although maternal dietary intake can predict maternal nutri-
tional status and it is a primary proximal determinant of HMC
and volume, the literature on the association of dietary intake with
HMC is mixed and limited (54). The relation of poor maternal
dietary intakes to inadequate nutritional status of mothers and
deficits in nutrients, other bioactive compounds, or the volume
of HM remains unclear.

Environmental exposures.

Exposures from air, soil, water, foods and beverages, personal
care products, clothes, and furniture are known to result
in environmental chemicals found in HM (55). These can
include persistent lipophilic compounds (e.g., polychlorinated
biphenyls), short-lived chemicals (e.g., bisphenol A), and other
chemicals and metals (e.g., lead) (23, 56, 57).

Handling and processing.

Infants frequently consume expressed HM (58). Donor HM is
a type of expressed HM that has been donated to a milk bank,
where it is pooled and pasteurized; handling and processing that
can have a substantial impact on HMC (59–61). This form of
HM is recommended for preterm infants when their own mother’s
milk is in short supply (12, 62, 63).
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Session 3: Considerations for Data Quality in
Standardizing Collection, Storage, and Analyses of
Human Milk

Sampling strategies

Sampling participants.

A framework for sampling participants is informed by study
objectives, resources, target population, and ethical and legal con-
siderations. For example, survey sampling can use a probability
or nonprobability approach. Population surveys conducted by the
National Center for Health Statistics use a multistage probability
approach to participant selection. However, it is difficult to
sample women who are pregnant or lactating when using
a nontargeted approach. Alternatively, developing a sampling
frame for lactating mothers from maternity units of health care
facilities is feasible.

Sampling human milk.

A sampling strategy must also account for dynamic variations
of HMC relative to the other factors (e.g., time, maternal diet,
and genetic variation) and should adequately represent these
variations across samples. Sampling should also address when
compositional changes are substantial; for example, the sodium-
to-potassium ratio of HM could differentiate colostrum from tran-
sitional HM and differentiate HM from exclusively/frequently
feeding from that during weaning (43, 64).

Sampling to address project objectives.

The sampling strategy must align with project objectives,
which could be a reference or standards database. References
report central tendency and variation based on representative
samples (e.g., NHANES). Standards are prescriptive; they enable
value judgments by incorporating targets (e.g., DRIs) (65) and
would be appropriate if the objective is to represent what HMC
and/or volume should be to align with current measures of healthy
growth and development.

Complexities in standardizing collection, storage, and
analyses of human milk

Advancing knowledge about HMC depends on the availability
of valid and accurate methods for analysis in the HM matrix. As a
fluid with living components, exposure to oxygen or light, freeze–
thaw cycles, contact with surfaces, and other factors contribute to
changes in HMC.

Macronutrients.

New methods to measure macronutrients exist and can be
more efficient. For example, rapid (<1 min) mid- and near
infrared spectroscopy uses only 1 mL of HM to produce data
comparable with traditional methods. Nanoflow LC coupled with
highly sensitive tandem MS allows for identification and relative
quantification of thousands of proteins and peptides from <100
μL of HM (27). However, absolute quantification based on MS
will require the creation and use of standards. Strategies for
determining the functional status of components after exposure

to home storage and preparation conditions (e.g., refrigeration,
freezing, and reheating) and processing (e.g., pasteurized donor
HM) could utilize multiplexed ELISA systems.

Micronutrients.

Uncertainties about the method and timing of HM collection
and changes during lactation are challenges to characterizing
micronutrient content of HM. Notably, the analysis in the HM
matrix is unique from other biological specimens, and many older
analyses are invalid. Although micronutrient analysis is tedious,
the burden is reduced using MS for simultaneous and rapid
analysis of some nutrients (e.g., some B vitamins). Recently,
efficient and validated procedures have been developed to enable
many micronutrients to be analyzed from small-volume samples
(66).

Session 4: Developing a Vision for a Research
Program Focused on Human Milk Composition

Existing research initiatives and resources

There is considerable interest in HM research among govern-
ment departments, academia, and other stakeholder groups. At
the time of the workshop, several NIH institutes were contributing
approximately $32 million through ∼70 grants for which HM
samples were being collected and analyzed (67), such as the
NIH’s Environmental influences on Child Health Outcomes
(ECHO) program. Other large studies underway include the
Mothers, Infants, and Lactation Quality (MILQ) study funded by
the Bill and Melinda Gates Foundation and the Evolutionary and
Sociocultural Aspects of Human Milk Composition (INSPIRE)
project supported by the National Science Foundation.

NIH’s ECHO program (68), initiated in 2016, aims to
understand the effects of environmental exposures on child health
and development. Objectives include harmonizing and studying
measures and sharing data on a public platform. ECHO has 20
cohorts in the United States that include HM samples, which
will be measured mainly for microbiome and environmental
components. The MILQ study, a cohort study in Denmark, Brazil,
Bangladesh, and Gambia of ∼1000 women who are healthy,
well nourished, not taking supplements, and lactating, aims to
establish reference values for macro- and micronutrients in HM
(69, 70). HM oligosaccharides and other constituents will also
be analyzed. The INSPIRE project is similarly investigating
HM oligosaccharides and the microbial community structure in
HM in ∼400 subjects in 8 different developed and developing
countries, including the United States (71). Other human milk
research studies are also underway, including samples from North
America (72–84).

A crucial element of all these projects is harmonization and
improvement of HM collection, storage, and analytical methods.
The latter 2 studies are collecting dietary intake data from
mothers. These studies will contribute considerably to HMC
research and understanding variability. However, other than the
MILQ study, the focus of these studies is not on macro- and
micronutrients, and results from the MILQ study may not be
representative of US or Canadian populations (85).

Two examples of potential funding approaches were described
during this session of the workshop. The first approach was
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to garner opportunities presented in the Strategic Plan for NIH
Nutrition Research, a 10-y strategic plan to help guide NIH-
supported nutrition research. The second approach was to utilize
the NIH Common Fund, an entity that funds projects that
are strategic investments for addressing unique, high-priority,
broadly relevant, and transformative scientific challenges that no
single NIH institute or center can address independently (86).

Research program visions

Research programs to address the previously mentioned
important issues should include several features: 1) standardized
and harmonized methods for sampling, collection, storage,
and analysis (including analytical standards) to facilitate re-
producibility and validation by other researchers and enable
comparisons across studies; 2) coordinated, multicentered studies
(extant and de novo) to create a foundational base for ongoing
research; 3) a focus on HM from mothers in the United States and
Canada (recognizing that complementary global collaborations
would allow population comparisons); 4) inclusion of all HM
components (known and unexplored); 5) collection of metadata
on mother–infant dyads to provide insights on interrelations
among genetic, nutritional, environmental, and other factors and
infant and maternal health; 6) assessment of HMC and volume
over the course of lactation; 7) measures of central tendency
and variability of concentrations of components in HM; 8)
development of estimates for both “reference” and “standard”
HMC profiles; and 9) monitoring of these profiles in populations
over time.

Data repository visions

A data repository could provide an integrated public platform
for high-quality, curated HMC and metadata that meets standard-
ized protocols. Key features should include well-characterized
metadata, standardized vocabulary, and integration of Findability,
Accessibility, Interoperability, and Reusability guiding principles
for digital data sets (87). It could provide a user interface for
depositing, retrieving, and analyzing data with computational and
statistical tools for determining measures of central tendency and
variability, comparative analyses, and the capability for detailed
information retrieval, data query, mining, and visualization. A
data repository should incorporate strategies and capabilities
exemplified in the Metabolomics Workbench (88). An HM
data repository should enable tracking, sharing, comparing, and
dissemination of research data. A database structure could allow
for incorporation into multiple data systems, including the USDA
FoodData Central and the NIH Metabolomics Workbench.

Next Steps
Workshop attendees unequivocally supported the value of

additional information from foundational research on HMC.
Next steps of the US Federal Government may include (for
some agencies) establishing federal workgroups, informed by
additional experts, to develop frameworks. Efforts will aim to
expand collaborations, including those with the Canadian Federal
Government and external stakeholders, such as researchers, food

and technology industry experts, professional organizations, and
others, as appropriate.

Approaches to support the next steps include 1) prioritizing
what to measure in HM and about mother–child dyads; 2)
identifying and/or developing valid measures and standards to
assess them; 3) characterizing the goals for evaluating HM
samples that, collectively, adequately represent variation in HM
in the United States; and 4) characterizing a future data repository
and databases. Bringing this vision to fruition requires assessing
lessons learned from strategies and capabilities from current
and recent research programs in the United States, Canada, and
globally.

Conclusion
The consensus of this NIH workshop was that research

initiatives on HM in the United States and Canada have been
limited in focus on this most fundamental and important biolog-
ical food, leading to major knowledge gaps and, consequently,
missed opportunities to improve health outcomes for mothers
and children. Some of these gaps include lack of standardized
collection, storage, and analytical methods for many components
in the HM matrix, and limited understanding of changes in
composition during lactation and from the impact of maternal
and environmental factors. These have led to a lack of robust
estimates of “reference” and “standard” HMC and volume in the
United States and Canada. Filling these gaps would provide basic
foundational tools for researchers to conduct comprehensive
investigations on the factors that influence HMC and their relation
to maternal and infant health. Subsequently, this work can lead
to guidelines to inform public health policies, programs, and
regulations for HM and related products and extensions into
clinical practice applications to support short- and long-term
goals for maternal and infant health.
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