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INTRODUCTION

This document describes a systematic review conducted to answer the following question: What is
the relationship between feeding a lower versus higher intensity, proportion, or amount of human milk
to mixed-fed infants and celiac disease? This systematic review was conducted as part of the
Pregnancy and Birth to 24 Months (P/B-24) Project by USDA'’s Nutrition Evidence Systematic Review
(NESR) team.

The purpose of the P/B-24 Project was to conduct a series of systematic reviews on diet and health
for women who are pregnant and for infants and toddlers from birth to 24 months of age. This project
was a joint initiative led by USDA and HHS, and NESR carried out all of the systematic reviews. A
Federal Expert Group (FEG), a broadly representative group of Federal researchers and program
leaders, also provided input throughout the P/B-24 Project. More information about the P/B-24 Project
has been published? and is available on the NESR website: https://nesr.usda.gov/project-specific-
overview-pb-24-0.

NESR, formerly known as the Nutrition Evidence Library (NEL), specializes in conducting food- and
nutrition-related systematic reviews using a rigorous, protocol-driven methodology. To conduct each
P/B-24 systematic review, NESR’s staff worked with a Technical Expert Collaborative (TEC), which is
a group of 7-8 leading subject matter experts.

NESR'’s systematic review methodology involves developing and prioritizing systematic review
guestions, searching for and selecting studies, extracting and assessing the risk of bias of data from
each included study, synthesizing the evidence, developing a conclusion statement, grading the
evidence underlying the conclusion statement, and recommending future research. A detailed
description of the methodology used in conducting systematic reviews for the P/B-24 Project has
been published® and is available on the NESR website: https://nesr.usda.gov/pb-24-project-
methodology-0. In addition, starting on page 11, this document includes details about the
methodology as it was applied to the systematic review described herein. An analytic framework that
illustrates the overall scope of the question, including the population, the interventions and/or
exposures, comparators, and outcomes of interest, is found on page 11. In addition, the literature
search plan that was used to identify studies included in this systematic review is found on page 11.

2 Stoody EE, Spahn JM, Casavale KO. The Pregnancy and Birth to 24 Months Project: a series of systematic reviews
on diet and health. Am J Clin Nutr. 2019;109(7):685S—-97S. doi: 10.1093/ajcn/nqy372.

3 Obbagy JE, Spahn JM, Wong YP, Psota TL, Spill MK, Dreibelbis C, et al. Systematic review methodology used in
the Pregnancy and Birth to 24 Months Project. Am J Clin Nutr. 2019;109(7):698S-704S. doi: 10.1093/ajcn/ngy226.
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WHAT IS THE RELATIONSHIP BETWEEN FEEDING A LOWER VERSUS HIGHER
INTENSITY, PROPORTION, OR AMOUNT OF HUMAN MILK TO MIXED-FED
INFANTS AND CELIAC DISEASE?

PLAIN LANGUAGE SUMMARY

What is the question?

e The question is: What is the relationship between feeding a lower versus higher intensity,
proportion, or amount of human milk to mixed-fed infants and celiac disease?

What is the answer to the question?

e There is no evidence to determine whether or not there is a relationship between feeding a
lower versus higher intensity, proportion, or amount of human milk to mixed-fed infants and
celiac disease.

Why was this question asked?

e This important public health question was identified and prioritized as part of the U.S.
Department of Agriculture and Department of Health and Human Services Pregnancy and
Birth to 24 Months Project.

How was this question answered?

e A team of Nutrition Evidence Systematic Review staff conducted a systematic review in
collaboration with a group of experts called a Technical Expert Collaborative.

What is the population of interest?

e The population of interest was generally healthy infants and toddlers (ages 0-24 months)
who were in studies examining celiac disease throughout the lifespan.

What evidence was found?

e No evidence was found to answer this systematic review question.
How up-to-date is this review?

e This review includes literature from 01/1980 to 03/2016.



TECHNICAL ABSTRACT

Background

This systematic review was conducted as part of the U.S. Department of Agriculture and
Department of Health and Human Services Pregnancy and Birth to 24 Months Project.
The goal of this systematic review was to examine the following question: What is the
relationship between feeding a lower versus higher intensity, proportion, or amount of
human milk to mixed-fed infants and celiac disease?

This systematic review examines comparisons of mixed-fed infants fed different intensities,
proportions, or amounts of human milk. Mixed feeding was defined as feeding human milk
and infant formula but not complementary foods or beverages such as cow’s milk. Human
milk was defined as mother’s own milk provided at the breast (i.e., nursing) or expressed
and fed fresh or after refrigeration or freezing. Donor milk (e.g., banked milk) was not
examined in this review. Infant formula was defined as commercially-prepared infant
formula meeting FDA* and/or Codex Alimentarius® international food standards.
Complementary foods and beverages was defined as foods and beverages other than
human milk or infant formula provided to an infant or young child to provide nutrients and
energy.

This systematic review examines diagnosed celiac disease, only, to ensure that it
addresses the relationship of feeding a lower versus higher intensity, proportion, or amount
of human milk to mixed-fed infants with celiac disease and not the relationship of feeding a
lower versus higher intensity, proportion, or amount of human milk to mixed-fed infants
with the many other diseases and conditions with similar symptoms.

Conclusion statement and grade

There is no evidence to determine whether or not there is a relationship between feeding a
lower versus higher intensity, proportion, or amount of human milk to mixed-fed infants and
celiac disease outcomes in offspring.

Grade: Grade Not Assignable

Methods

The systematic review was conducted by a team of staff from the Nutrition Evidence
Systematic Review in collaboration with a Technical Expert Collaborative.

A single literature search was conducted to identify literature for several related systematic
reviews that examined infant milk-feeding practices and different outcomes. The search
was conducted in CINAHL, Cochrane, Embase, and PubMed, and used a search date
range of January 1980 to March 2016. A manual search was done to identify articles that
may not have been included in the electronic databases searched.

Articles were screened independently by 2 NESR analysts to determine which articles met
predetermined criteria for inclusion.

Because no articles were identified that met the inclusion criteria, the conclusion statement

4 U.S. Food and Drug Administration. Version 19 December 2013. Internet:
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/InfantFormula/ucm13611

8.htm#manufacture (accessed March 23, 2018)

5 Food and Agriculture Organization of the United Nations. World Health Organization. Codex Alimentarius.
International Food Standards. Standard for infant formula and formulas for special medical purposes intended for
infants. Codex Stan 72-1981. 2007.


https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/InfantFormula/ucm136118.htm#manufacture
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/InfantFormula/ucm136118.htm#manufacture

and grade reflect the absence of evidence and that no grade was assignable to the
strength of the evidence.

Summary of evidence

e No articles met the inclusion criteria for this systematic review.



FULL REVIEW

Systematic review question

What is the relationship between feeding a lower versus higher intensity, proportion, or amount of
human milk to mixed-fed infants and celiac disease?

Conclusion statement

There is no evidence to determine whether or not there is a relationship between feeding a lower
versus higher intensity, proportion, or amount of human milk to mixed-fed infants and celiac
disease outcomes in offspring

Grade
Grade Not Assignable
Summary

e This systematic review examines comparisons of mixed-fed infants fed different intensities,
proportions, or amounts of human milk. Mixed feeding was defined as feeding human milk
and infant formula but not complementary foods or beverages such as cow’s milk. Human
milk was defined as mother’s own milk provided at the breast (i.e., nursing) or expressed
and fed fresh or after refrigeration or freezing. Donor milk (e.g., banked milk) was not
examined in this review. Infant formula was defined as commercially-prepared infant
formula meeting FDA® and/or Codex Alimentarius’ international food standards.
Complementary foods and beverages was defined as foods and beverages other than
human milk or infant formula provided to an infant or young child to provide nutrients and
energy.

e This systematic review examines diagnosed celiac disease, only, to ensure that it
addresses the relationship of feeding a lower versus higher intensity, proportion, or amount
of human milk to mixed-fed infants with celiac disease and not the relationship of feeding a
lower versus higher intensity, proportion, or amount of human milk to mixed-fed infants
with the many other diseases and conditions with similar symptoms.

e No articles published since 1980 met the inclusion criteria for this systematic review
Research recommendations

Studies need to be designed and conducted to examine the relationship between feeding a lower
versus higher intensity, proportion, or amount of human milk to mixed-fed infants and celiac
disease.

Infant-feeding research will continue to rely on observational designs, because of ethical issues
related to randomizing infant to be fed less or no human milk; however, researchers should
endeavor to minimize bias through sound research design and conduct. In general, infant-feeding

6 U.S. Food and Drug Administration. Version 19 December 2013. Internet:
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRequlatorylnformation/InfantFormula/ucm13611
8.htm#manufacture (accessed March 23, 2018).

" Food and Agriculture Organization of the United Nations. World Health Organization. Codex Alimentarius.
International Food Standards. Standard for infant formula and formulas for special medical purposes intended for
infants. Codex Stan 72-1981. 2007.



https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/InfantFormula/ucm136118.htm#manufacture
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/InfantFormula/ucm136118.htm#manufacture

researchers should:

e Move toward collecting data consistently using valid and reliable methods

e Increase the precision with which they define infant-feeding variables

e Incorporate effect modification into their study design whenever possible in case different
biological or environmental characteristics modify the impact of infant feeding on the
outcomes

e Assess baseline differences in critical confounding variables between comparison groups,
and make statistical adjustments as necessary

e Address temporality and reverse causality when outcomes are measured from birth to 24
months

10



ANALYTIC FRAMEWORK

The analytic framework (Figure 1) illustrates the overall scope of the systematic review, including
the population, exposures, comparators, and outcomes of interest. It also includes definitions of
key terms and lists critical confounders. This is the analytic framework for the systematic review
conducted to examine the relationship between feeding a lower versus higher intensity,
proportion, or amount of human milk to mixed-fed infants and celiac disease.

Figure 1: Analytic framework

-

Target Population Key Definitions
Birth through adulthood + Mixed feeding: feeding human milk and infant formula but not complementary foods

or beverages such as cow’s milk
+ Human milk: mother's own milk provided at the breast (i.e., nursing) or expressed
and fed fresh or after refrigeration/freezing. Donor milk (e.g., banked milk) is not

Exposures examined in this review..

Intensity/propertion/amount of human milk fed to - Infant formula: commercially-prepared infant formula meeting FDA and/or Codex

mixed-fed infants (i.e., both at a given point in time and Alimentarius international food standards

over a period of time) « Complementary foods and beverages: foods and beverages other than human milk
': or infant formula (liquids, semisolids, and solids) provided to an infant or young child

Comparators \ to provide nutrients and energy

Higher intensity/proportionfamount of human milk fed % ~

to mixed-fed infants \

\ (Critical Confounders

h 4

- 5 Race/ethnicity
Endpoint Health Qutcomes .-~-" | + SES (e.g. WIC, educationfincome)
Incidence and prevalence of diagnosed celiac disease W Parental health (e.g., family history)

SEARCH PLAN AND RESULTS

Inclusion and exclusion criteria

The inclusion and exclusion criteria (Table 1) are a set of characteristics to determine which
studies will be included or excluded in the systematic review. This table provides the inclusion
and exclusion criteria for the systematic review question: What is the relationship between
feeding a lower versus higher intensity, proportion, or amount of human milk to mixed-fed infants
and celiac disease?

Table 1. Inclusion and exclusion criteria

Category Inclusion Criteria Exclusion Criteria

Study design Randomized controlled trials Cross-sectional studies
Non-randomized controlled trials Before-and-after studies
Prospective cohort studies Uncontrolled studies
Retrospective cohort studies Narrative reviews
Case-control studies Systematic reviews

Meta-analyses

11



Category

Inclusion Criteria

Exclusion Criteria

Publication status

Published in peer-reviewed journals

Grey literature, including unpublished data,
manuscripts, reports, abstracts, and conference
proceedings

Language

Published in English

Published in languages other than English

Date range

Published from 1980-December 20158

Published prior to 1980

Intervention/exposure

Intensity, proportion, or amount of human milk fed
to mixed-fed infants (i.e., infants fed human milk
and infant formula but not complementary foods
and beverages) at a given point in time or over a
period of time

Feeding complementary foods and beverages

Comparator

Higher intensities, proportions, or amounts of
human milk fed to mixed-fed infants (i.e., infants fed
human milk and infant formula but not
complementary foods and beverages) at a given
point in time or over a period of time

Feeding complementary foods and beverages

Source of foods,
beverages, or

Human milk: mothers’ own milk (MOM), that is,
human milk at the breast (i.e., nursing) or

Human milk from third parties (e.g., banked/donor
milk)

nutrients expressed and fed fresh or after .
refrigeration/freezing Infant formulas that are not commerC|aIIyTprepar(_ed
or that do not meet FDA and/or Codex Alimentarius
Infant formula: commercially-prepared infant international food standards
formula meeting FDA?® and/or Codex Alimentarius*®
international food standards
Outcome Incidence and prevalence of diagnosed celiac

disease

Study setting

Countries listed as Very High or High on the 2014
Human Development Index?!!

Countries listed as Medium or Low on the 2014
Human Development Index

Study participants

Human participants
Males

Females

Non-human participants (e.g., animal studies, in
vitro studies)

Hospitalized patients, not including birth and
immediate post-partum hospitalization of healthy
babies

Age of study
participants

Exposure age: infants (0-12 months), toddlers (12-
24 months)

Outcome age: infants (0-12 months), toddlers (12-
24 months), children (2-12 years), adolescents (13-
18 years) adults (19 years and older)

8 In 1980 the Infant Formula Act was passed, and December 2015 was when the literature search occurred

9 U.S. Food and Drug Administration. Version 19 December 2013. Internet:
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/InfantFormula/ucm13611

8.htm#manufacture (accessed March 23, 2018).

10 Food and Agriculture Organization of the United Nations. World Health Organization. Codex Alimentarius.

International Food Standards. Standard for infant formula and formulas for special medical purposes intended for
infants. Codex Stan 72-1981. 2007.
11 United Nations Development Programme. Human Development Report 2014. Sustaining Human Progress:
Reducing Vulnerabilities and Building Resilience. New York, 2014.

12
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Category

Inclusion Criteria Exclusion Criteria

Size of study groups Studies with =30 participants per study group or a Studies with <30 participants per study group with

power analysis indicating that the study is no power analysis indicating that the study is
appropriately powered for the outcome(s) of interest appropriately powered for the outcome(s) of interest

Health status of study Studies done in generally healthy populations Studies that exclusively enroll participants with a

participants

. . . . disease or the health outcome of interest
Studies done in populations where infants were full

term (=37 and 0/7 weeks gestational age) Studies done in hospitalized participants (except for
birth and immediate post-partum hospitalization of

Studies done in populations with elevated chronic healthy babies) or malnourished participants

disease risk, or that enroll some participants with a

disease or with the health outcome of interest Studies of exclusively pre-term babies (gestational
age <37 weeks), exclusively babies that have low
birth weight (<25009) and/or exclusively babies that
are small for gestational age

Search terms and electronic databases used
PubMed

Dates searched: Dec 4, 2015 and March 28, 2016 to refine/limit search terms and remove
pub type indexing

Search Terms:

(breast feeding[mh] OR breastfeeding][tiab] OR breast feeding*[tiab] OR breast-
feeding*[tiab] OR breastfed[tiab] OR breast-fed[tiab] OR breastfeed*[tiab] OR "breast
feed"[tiab]) OR (Milk, human[mh] OR "breast milk"[tiab] OR breast-milk[tiab] OR "human
milk"[tiab] OR "mother's milk"[tiab] OR breastmilk[tiab]) OR (Bottle feeding[mh] OR bottle
feeding*[tiab] OR "bottle feeding"[tiab] OR bottle-feeding*[tiab] OR bottle-fed[tiab] OR
“bottle fed”[tiab])

NOT ((aids[ti] AND "Acquired Immunodeficiency Syndrome"[Mesh]) OR hiv[ti]] OR
HIV/AIDSJti] OR human immunodefic*[ti] OR Acquired Immunodefic*[ti] OR "low birth
weight"[ti] OR Ibw]ti] OR vilbw[ti] OR elbw]ti] OR pcb[ti] OR pcbs[ti] OR Polychlorinated
Biphenyl*[ti] OR Polychlorobiphenyl Compound*[ti] OR dioxin*[ti] OR (breast[ti]] AND
(tumor*[ti] OR tumour*[ti] OR cancer*[ti] OR carcinoma*[ti] OR disease*[ti]))) NOT
(breastfeed*[ti] OR breastfed*[ti] OR feed*[ti] OR fed[ti] OR milk[ti])

NOT (editorial[ptyp] OR comment[ptyp] OR news[ptyp] OR letter[ptyp] OR review[ptyp] OR
systematic[sb])

Limiters; Engl/humans; 1980-

Embase

Date searched: Dec 5, 2015
Search Terms:

'bottle feeding'/exp OR 'bottle feeding':ab,ti OR 'bottle feedings':ab,ti OR 'bottle fed"ab,ti
OR bottle* NEAR/3 feed* AND [english]/lim AND [humans]/lim AND [1980-2015]/py OR
‘breast milk'/exp OR ‘human milk':ab,ti OR 'breast milk":ab,ti OR breastmilk:ab,ti OR

mother* NEAR/2 milk OR 'maternal milk':ab,ti AND [english]/lim AND [humans]/lim AND
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[1980-2015]/py OR 'breast feeding'/exp OR breastfeed*:ab,ti OR 'breast feed"ab,ti OR
'breast feeding':ab,ti OR breastfed:ab,ti OR 'breast fed":ab,ti OR feeding NEAR/3 breast
AND [english]/lim AND [humans]/lim AND [1980-2015]/py

Using Citation manager to filter out title key words:

NOT (aids AND "Acquired Immunodeficiency Syndrome") OR hiv OR HIV/AIDS OR human
immunodefic* OR Acquired Immunodefic* OR "low birth weight" OR Ibw OR vibw OR elbw
OR pcb OR pcbs OR Polychlorinated Biphenyl* OR Polychlorobiphenyl Compound* OR
dioxin* OR (breast AND (tumor* OR tumour* OR cancer* OR carcinoma* OR disease*))
OR preterm OR premature

CINAHL

Date searched: Dec 8, 2015
Search Terms:

(MH "Breast Feeding+" OR breast-fed OR "breast fed" OR breastfeeding OR breast
feeding OR breast-fed) OR MH "Milk, Human" OR “Human Milk” OR “Breast Milk” OR
Breastmilk OR breast-milk OR ((maternal OR mother*) n3 milk) OR (MH "Bottle Feeding")
OR "bottle feeding" OR (bottle n3 feed*) OR bottle-feeding OR bottle-feedings OR “bottle
fed” OR “bottle-fed”)

Using Citation manager to filter out title key words:

NOT (aids AND "Acquired Immunodeficiency Syndrome") OR hiv OR HIV/AIDS OR human
immunodefic* OR Acquired Immunodefic* OR "low birth weight" OR Ibw OR vibw OR elbw
OR pcb OR pcbs OR Polychlorinated Biphenyl* OR Polychlorobiphenyl Compound* OR
dioxin* OR (breast AND (tumor* OR tumour* OR cancer* OR carcinoma* OR disease*))
OR preterm OR premature

Cochrane

Date searched: Dec 8, 2015
Search Terms:

"Breast Feeding"OR breast-fed OR "breast fed" OR breastfeeding OR “breast feeding” OR
“breast feed” OR “breast feeds” OR breast-feed OR breast-feeds OR (breast NEAR/3
feed*) OR “human milk” OR “breast milk” OR breastmilk OR “mother’'s milk” OR “maternal
milk” OR ((mother* OR maternal OR donor* OR donate*) NEAR/3 milk) OR “Bottle
feeding” OR “bottle feedings” OR “bottle-feeding” OR “bottle-feedings” OR (bottle NEAR/3
feed*)

Using Citation manager to filter out title key words:

NOT (aids AND "Acquired Immunodeficiency Syndrome") OR hiv OR HIV/AIDS OR human
immunodefic* OR Acquired Immunodefic* OR "low birth weight" OR Ibw OR vibw OR elbw
OR pcb OR pcbs OR Polychlorinated Biphenyl* OR Polychlorobiphenyl Compound* OR
dioxin* OR (breast AND (tumor* OR tumour* OR cancer* OR carcinoma* OR disease*))
OR preterm OR premature
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Figure 2: Flow chart of literature search and screening results

Manual search
articles included

Leukemia n=5

Food allergies, allergic rhinitis,
atopic dermatitis, and asthma n=6

Cardiovascular disease n=1
Diabetes n=3
Celiac disease n=0

Inflammatory bowel disease n=2

Articles identified through database searching
[PubMed, Cochrane, Embase, CINAHL]
n=31,335

Articles screened (title and abstract) ei:;ﬁl?;d
n=31,335 28,537

Full-text articles reviewed for eligibility A“:Cgesd
n=2,798 excludec

Articles included in systematic reviews:

Infant milk-feeding practices AND:
Childhood leukemia N=24*

o Never vs ever feeding human mifk N=19

s Shorter vs longer durations of any human milk feeding N=8

» Shorter vs longer durations of exclusive human milk feeding N=0

» Lower vs higher intensities/proportions/amounts of human milk fed to mixed-fed infants N=0
Food allergies, allergic rhinitis, asthma, and atopic dermatitis N=73*

o Never vs ever feeding human milk N=44

s Shorter vs longer durations of any human milk feeding N=35

» Lower vs higher intensities/proportions/amounts of human milk fed to mixed-fed infants N=0

» Higher intensities/proportions/amounts of human milk fed by breast vs by bottle N=0
Cardiovascular disease N=35*

* Never vs ever feeding human milk N=13

o Shorter vs longer durations of any human milk feeding N=24

» Shorter vs longer durations of exclusive human milk feeding N=6

* Lower vs higher intensities/proportions/amounts of human milk fed to mixed-fed infants N=0

Diabetes N=53*

* Never vs ever feeding human mifk N=21
s Shorter vs longer durations of any human milk feeding N=37
s Shorter vs longer durations of exclusive human milk feeding N=18

» Lower vs higher intensities/proportions/amounts of human milk fed to mixed-fed infants N=1

Celiac disease N=9*
o Never vs ever feeding human milk N=4

s Shorter vs longer durations of any human milk feeding N=9
» Shorter vs longer durations of exclusive human milk feeding N=2
» Lower vs higher intensities/proportions/amounts of human milk fed to mixed-fed infants N=0

Inflammatory bowel disease N=17*
» Never vs ever feeding human milk N=13

» Shorter vs longer durations of any human milk feeding N=9
» Shorter vs longer durations of exclusive human milk feeding N=2
* Lower vs higher intensities/proportions/amounts of human milk fed to mixed-fed infants N=0

* Some articles were included in more than one review

» Shorter vs longer durations of exclusive human milk feeding prior to the introduction of infant formula N=1
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This flow chart illustrates the literature search and screening results for articles examining the
relationship between infant milk-feeding practices, including feeding a lower versus higher
intensity, proportion, or amount of human milk to mixed-fed infants, and several outcomes,
including celiac disease. The results of the electronic database searches were screened
independently by two NESR analysts in a step-wise manner by reviewing titles and abstracts, and
then full text articles to determine which articles met the criteria for inclusion. A manual search
was done to ascertain articles not identified through the electronic database search. The
systematic review on feeding a lower versus higher intensity, proportion, or amount of human milk
to mixed-fed infants and celiac disease included O articles.
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Table 2. Excluded articles

The table below lists the full-text articles excluded with at least one reason for exclusion, and may not reflect all possible reasons.
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