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INTRODUCTION

This document describes a systematic review conducted to answer the following question: What is
the relationship between shorter versus longer durations of exclusive human milk feeding and
diabetes outcomes in offspring? 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
questions, 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 26, 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 26. In addition, the literature
search plan that was used to identify studies included in this systematic review is found on page 26.

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):6985-704S. doi: 10.1093/ajcn/nqy226.
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WHAT IS THE RELATIONSHIP BETWEEN SHORTER VERSUS LONGER
DURATIONS OF EXCLUSIVE HUMAN MILK FEEDING AND DIABETES
OUTCOMES IN OFFSPRING?

-
PLAIN LANGUAGE SUMMARY

What is the question?

e The question is: What is the relationship between shorter versus longer durations of
exclusive human milk feeding and diabetes outcomes in offspring?

What is the answer to the question?

e Limited evidence from observational studies suggests that shorter versus longer durations
of exclusive human milk feeding are associated with higher risk of type 1 diabetes. Limited
evidence, from a single study that used a strong design, also suggests that the duration of
exclusive human milk feeding is not associated with fasting glucose or insulin resistance at
11.5 years of age.

There is insufficient evidence to determine whether or not there is a relationship between
shorter versus longer durations of exclusive human milk feeding and type 2 diabetes,
prediabetes, and HbA1C throughout the lifespan, and fasting glucose and insulin
resistance at ages other than 11.5 years.

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 diabetes outcomes throughout the lifespan.

What evidence was found?

e This review includes 18 articles.

e These articles compared infants fed human milk exclusively for shorter durations with
infants fed human milk exclusively for longer durations.

e These articles examined available evidence related to diabetes outcomes in offspring,
including fasting glucose, HbA1C, glucose tolerance/insulin resistance, and the incidence
and prevalence of prediabetes, type 1 diabetes, and type 2 diabetes.

e Almost all of the evidence examined type 1 diabetes. One study that used a strong design
examined fasting glucose and insulin resistance at 11.5 years of age.

o0 Individuals who were fed human milk exclusively for shorter durations may have
higher type 1 diabetes risk than individuals who were fed human milk exclusively for
longer durations.
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o

Individuals who were fed human milk exclusively for shorter durations and
individuals who were fed human milk exclusively for longer durations do not seem to
have differences in fasting glucose or insulin resistance at 11.5 years of age.

There are limitations in the evidence as follows:

(0]

(0}

No studies examined type 2 diabetes and only one study examined intermediate
diabetes outcomes.

Some of the articles studied groups of people that may have been too small to
detect whether there is a relationship between shorter versus longer durations of
exclusive human milk feeding and type 1 diabetes in offspring.

Most of the studies asked mothers to remember how long they had fed their
offspring human milk exclusively when they were infants, and if mothers of
individuals with type 1 diabetes remembered or reported differently from mothers of
individuals without type 1 diabetes, it could impact the findings.

It is possible for factors other than infant feeding to impact the outcomes, and these
factors were addressed differently by different studies.

There was no evidence from the U.S. about fasting glucose or insulin resistance,
and metabolic risk in the U.S. may be higher than it is in the population with
available evidence.

How up-to-date is this review?
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 shorter versus longer durations of exclusive human milk feeding and
diabetes outcomes in offspring?

This systematic review examines comparisons of infants who were fed human milk
exclusively for shorter durations with infants who were fed human milk exclusively for
longer durations. Exclusive human milk feeding was defined as feeding human milk alone
and not in combination with infant formula and/or complementary foods or beverages such
as cow’s milk. This definition is inclusive of the World Health Organization definitions of
exclusive and predominant breastfeeding, which permit limited quantities of (a) drops or
syrups containing vitamins, minerals, or medicines, (b) water and water-based drinks such
as sweetened water and teas, (c) fruit juice, (d) oral rehydration salts solution, and (e)
ritual fluids*. 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.

This systematic review examines available evidence related to diabetes outcomes in
offspring, including fasting glucose, HbA1C, glucose tolerance/insulin resistance, and the
incidence and prevalence of prediabetes, type 1 diabetes, and type 2 diabetes.

Conclusion statement and grade

Limited evidence from observational studies suggests that shorter versus longer durations
of exclusive human milk feeding are associated with higher risk of type 1 diabetes. Limited
evidence, from a single study that used a strong design, also suggests that the duration of
exclusive human milk feeding is not associated with fasting glucose or insulin resistance at
11.5 years of age.

There is insufficient evidence to determine whether or not there is a relationship between
shorter versus longer durations of exclusive human milk feeding and type 2 diabetes,
prediabetes, and HbA1c throughout the lifespan, and fasting glucose and insulin
resistance at ages other than 11.5 years

Grade: Limited —fasting glucose and insulin resistance at age 11.5 years, type 1 diabetes;
Grade Not Assignable — fasting glucose and insulin resistance at ages other than 11.5
years, type 2 diabetes, prediabetes, HbA1C

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

4 World Health Organization. Indicators for assessing infant and young child feeding practices: conclusions of a
consensus meeting held 6—8 November 2007 in Washington D.C. WHO. 2008.



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.

Data from each included article were extracted, risks of bias were assessed, and both
were checked for accuracy.

The body of evidence was qualitatively synthesized, a conclusion statement was
developed, and the strength of the evidence (grade) was assessed using pre-established
criteria including evaluation of the internal validity/risk of bias, adequacy, consistency,
impact, and generalizability of available evidence.

Summary of evidence

Eighteen articles met the inclusion criteria for this systematic review, including 17 with
evidence about type 1 diabetes, and 1 with evidence about fasting glucose and insulin
resistance.

Evidence about the association between shorter versus longer durations of exclusive
human milk feeding and higher risk of type 1 diabetes was limited. Seven studies found
significant associations, all of which were inverse associations between the duration of
exclusive human milk feeding and type 1 diabetes risk. However, some of the studies most
likely to have sufficient statistical power found nonsignificant associations. The ability to
draw stronger conclusions was primarily limited by this inconsistency, insufficient sample
sizes for some of the studies, concerns about internal validity such as the potential for
confounding, and the retrospective collection of exposure data, which increases the risk of
misclassification of the exposure.

Evidence about the lack of an association between the duration of exclusive human milk
feeding and fasting glucose and insulin resistance at 11.5 years of age was also limited.
One cluster randomized controlled trial provided strong evidence. The ability to draw
stronger conclusions was limited by only having 1 study and because the study was not
conducted in the United States where metabolic risk may be higher.

There was no evidence related to type 2 diabetes, prediabetes, and HbA1C, or about
fasting glucose and insulin resistance outside of age 11.5 years.

10



FULL REVIEW

Systematic review question

What is the relationship between shorter versus longer durations of any human milk feeding and
diabetes outcomes in offspring?

Conclusion statement

Limited evidence from observational studies suggests that shorter versus longer durations of
exclusive human milk feeding are associated with higher risk of type 1 diabetes. Limited
evidence, from a single study that used a strong design, also suggests that the duration of
exclusive human milk feeding is not associated with fasting glucose or insulin resistance at 11.5
years of age.

There is insufficient evidence to determine whether or not there is a relationship between shorter
versus longer durations of exclusive human milk feeding and type 2 diabetes, prediabetes, and
HbA1c throughout the lifespan, and fasting glucose and insulin resistance at ages other than 11.5
years.

Grade

Limited: Fasting glucose and insulin resistance at age 11.5 years, type 1 diabetes

Grade not assignable: Fasting glucose and insulin resistance at ages other than 11.5 years,
type 2 diabetes, prediabetes, HbA1C

Summary

e This systematic review examines comparisons of infants who were fed human milk
exclusively for shorter durations with infants who were fed human milk exclusively for
longer durations. Exclusive human milk feeding was defined as feeding human milk alone
and not in combination with infant formula and/or complementary foods or beverages such
as cow’s milk. This definition is inclusive of the World Health Organization definitions of
exclusive and predominant breastfeeding, which permit limited quantities of (a) drops or
syrups containing vitamins, minerals, or medicines, (b) water and water-based drinks such
as sweetened water and teas, (c) fruit juice, (d) oral rehydration salts solution, and (e)
ritual fluids®. 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.

e This systematic review examines available evidence related to diabetes outcomes in
offspring, including fasting glucose, HbA1C, glucose tolerance/insulin resistance, and the
incidence and prevalence of prediabetes, type 1 diabetes, and type 2 diabetes.

e Eighteen articles met the inclusion criteria for this systematic review, including 17 with
evidence about type 1 diabetes, and 1 with evidence about fasting glucose and insulin
resistance.

e Evidence about the association between shorter versus longer durations of exclusive
human milk feeding and higher risk of type 1 diabetes was limited. Seven studies found
significant associations, all of which were inverse associations between the duration of

> World Health Organization. Indicators for assessing infant and young child feeding practices: conclusions of a
consensus meeting held 6—8 November 2007 in Washington D.C. WHO. 2008.
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exclusive human milk feeding and type 1 diabetes risk. However, some of the studies most
likely to have sufficient statistical power found nonsignificant associations. The ability to
draw stronger conclusions was primarily limited by this inconsistency, insufficient sample
sizes for some of the studies, concerns about internal validity such as the potential for
confounding, and the retrospective collection of exposure data, which increases the risk of
misclassification of the exposure.

e Evidence about the lack of an association between the duration of exclusive human milk
feeding and fasting glucose and insulin resistance at 11.5 years of age was also limited.
One cluster randomized controlled trial provided strong evidence. The ability to draw
stronger conclusions was limited by only having 1 study and because the study was not
conducted in the United States where metabolic risk may be higher.

e There was no evidence related to type 2 diabetes, prediabetes, and HbA1C, or about
fasting glucose and insulin resistance outside of age 11.5 years.

Description of the evidence

Eighteen articles met the inclusion criteria for this systematic review question. Of these, 17
presented evidence about type 1 diabetes (1-17) and 1 presented evidence about fasting glucose
and insulin resistance (18).

Type 1 diabetes

The 17 articles that examined shorter versus longer durations of exclusive human milk feeding
and type 1 diabetes presented evidence from 15 independent studies. There was 1 prospective
cohort study (6), 1 nested case-control study (3), and 13 independent case-control studies (1, 2,
4,5, 7-17) because Samuelsson et al. (12, 13) and Virtanen et al. (15, 16) each presented data
for a single study across 2 articles. The samples were from the U.S. (3, 5), Brazil (1, 4), Chile (8,
9), the United Kingdom (17), Finland (15, 16), Austria (10), Norway (6), Sweden (12, 13), Sweden
and Lithuania (11), the Czech Republic (7), Iran (2), and Australia (14).

The prospective cohort and nested case-control studies enrolled participants at birth (3, 6)
whereas the case-control studies enrolled participants with a range of ages that most often
corresponded to cases’ ages diagnosis and which typically included childhood and adolescence.
The studies that reported race and ethnicity were from the U.S. and Chile. The U.S. samples
included some racial and ethnic diversity [70% Non-Hispanic white (3); 74% white and 26% black
(5)], and the Chilean samples were reported as being from Strata Il of the sociogenetic
classification (described as 40% indigenous admixture with European genetic pools that are
primarily Spanish in origin) (8) and as having participants with 2 Hispanic surnames and no
Amerindian background (9). Some of the studies recruited samples based on their risk for type 1
diabetes. All of the participants in the Diabetes Autoimmunity Study in the Young (DAISY) study
[Frederiksen et al. (3)] had at-risk genotypes or first-degree family members with type 1 diabetes;
all of the participants in the study by Lund-Blix et al. (6) had at-risk genotypes; in the study by
Alves et al. (1) the sibling controls had siblings with type 1 diabetes (i.e., the cases); and in the
study by Esfarjani et al. (2) the controls had no family history of type 1 diabetes.

The prospective cohort and nested case-control studies collected infant-feeding data
prospectively by parent report (3, 6). All but 1 of the case-control studies collected infant-feeding
data by parental recall; Samuelsson et al. (12, 13) retrieved prospectively collected infant feeding
data from medical records. The outcome was medically diagnosed.

The prospective cohort and nested case-control studies controlled for confounding variables,
12



including family history of type 1 diabetes and a marker of socio-economic status (maternal
education), which were identified by TEC members as critical confounding variables for this
systematic review (Figure 1). All of the case-control studies included matching variables such as
age, sex, and geographic location, and some included additional adjustment variables such as
measures of socioeconomic status (3, 4, 6, 11, 14-16) and family history of type 1 diabetes (3, 4,
6). The study by Alves et al. (1) used family as a matching variable so that cases and their sibling
controls shared genetic and environmental factors.

Fasting glucose and insulin resistance

A single study examined fasting glucose and insulin resistance. The Promotion of Breastfeeding
Intervention Trial (PROBIT) was a cluster randomized controlled trial of an intervention to
promote prolonged duration and exclusivity of breastfeeding conducted in Belarus (18). The
intervention randomized maternity hospitals to follow practices of the Baby Friendly Hospital
Initiative, which was developed by the World Health Organization and the United Nations
Children’s Fund, to promote and support breastfeeding among mothers who chose to
breastfeed®. The study enrolled 17,046 infants at birth and observed 13,616 children to 11.5
years of age. Study pediatricians collected data about human milk feeding prospectively at well-
baby pediatric medical appointments, and an audit of a random subset of data showed close
agreement with data obtained by maternal interview. Fasting glucose, listed as a secondary
outcome of the study’, was measured after an 8-hour fast. Insulin was also listed as a secondary
outcome of the study, and the study team used a calculator available at http://www.dtu.ox.ac.uk
to determine the homeostasis model assessment of insulin resistance (HOMA-IR). The primary,
intention-to-treat, analysis compared the intervention group to the control group (the intervention
group had higher rates of exclusive human milk feeding measured at 3 and 6 months).
Prospective cohort analyses of PROBIT study data compared children fed human milk exclusively
3 to <6 months and =6 months versus <3 months and examined the trend across the 3 categories
of duration (<3, 3 to <6, and 26 months).

Evidence synthesis
Type 1 diabetes

Seven of the 15 independent studies reported significant associations (1, 4, 8, 9, 11, 14-16). Itis
notable that the study by Alves et al. (1), which is the only study in the body of evidence that
paired cases with sibling controls to minimize confounding from shared genetic and
environmental factors, found a significant association. On the other hand, the studies that were
more likely to have sufficient statistical power (i.e., studies with the largest numbers of cases and
studies that recruited high-risk samples) reported both significant and non-significant
associations. For example, 4 (4, 11, 14, 16) of 8 studies with >200 cases (4, 5, 7, 11-14, 16, 17)
found significant associations, and 1 (1) of 3 studies that examined high-risk samples (1, 3, 6)
found significant associations. All of the significant associations in the body of evidence were
consistent in direction, suggesting that shorter versus longer durations of any human milk feeding
are associated with higher risk of type 1 diabetes.

8 Protecting, promoting and supporting breastfeeding: the special role of maternity services. A joint WHO/UNICEF
statement. Int J Gynaecol Obstet 1990;31 Suppl 1:171-83.

7 U.S. National Library of Medicine. Clinicaltrials.gov. Version 10 October 2013. Internet:
https://clinicaltrials.gov/ct2/show/NCT0156 16 12#wrapper (accessed February 16, 2018).
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Specifically, Alves et al. (1) compared 123 children with type 1 diabetes with 123 of their siblings
as controls at a mean of 9 years of age. Cases were fed human milk exclusively for about a
month less than controls, and this difference was significant.

In the Diabetes and Environment around the Baltic Sea study, Sadauskaite-Kuehne et al. (11)
examined type 1 diabetes risk <15 years of age in 517 cases from Sweden, 286 cases from
Lithuania, and about twice as many controls. In the Swedish subsample that was 5 to 9 years of
age, being fed human milk exclusively 25 months versus <5 months was associated with
significantly lower odds of type 1 diabetes. In the Lithuanian subsample that was 5 to 9 years of
age, being fed human milk exclusively 22 months versus <2 months was also associated with a
significantly lower odds of type 1 diabetes. Of note, the study only reported associations that were
significant so it is not possible to determine how many different ranges of duration were
examined.

In the Childhood Diabetes in Finland (DiMe) study, Virtanen et al. (15, 16) assessed type 1
diabetes risk in 103 case-control pairs who were up to 7 years of age (15) and 426 case-control
pairs who were 7 to 14 years of age (16). The authors examined multiple comparisons of longer
versus shorter durations of exclusive human milk feeding. In participants who were up to 7 years
of age, being fed human milk exclusively 23 months versus <3 months and 24 months versus <4
months was associated with significantly lower odds of type 1 diabetes. Similar dichotomous
comparisons around 1, 2, 5, and 6 months had non-significant associations. The associations
around 1, 2, and 5 months were consistent in direction with the significant associations, and there
was a wide Cl around the 5 month point estimate indicative of suboptimal statistical power. In
participants 7 to 14 years of age, there were significant associations between being fed human
milk exclusively 22 months versus <2 months, 23 months versus <3 months, and =5 months
versus <5 months and lower odds of type 1 diabetes. Corresponding dichotomous comparisons
around 1, 4, and 6 months had non-significant associations that were consistent in direction with
the significant associations. Across both age groups (i.e., up to 7 and 7 to 14 years), the median
duration of exclusive human milk feeding was significantly lower in cases than in controls.

Gimeno et al. (4) compared <7 and 8 to 60 days of exclusive human milk feeding with >60 days in
346 case-control pairs and. Being fed human milk exclusively for <7 days was associated with a
significantly higher odds of type 1 diabetes, but association between being fed human milk 8 to
60 days versus >60 days and type 1 diabetes risk was non-significant and closer to the null.

In both studies from Chile, Perez-Bravo et al. (8, 9) compared the mean duration of exclusive
human milk feeding in cases and controls. In both studies, cases were fed human milk exclusively
for a significantly shorter duration than controls. In one study, which examined 80 cases and 85
controls, the difference was about 12.5 weeks (8). In the other study, which examined 143 cases
and 107 controls, the difference was about 2 months (9).

In the study by Verge et al. (14), type 1 diabetes risk was assessed in the full sample of 217
cases and 258 controls and in subsamples who were younger and older than the median age of
9.2 years. In the full sample and the subsample younger than 9.2 years of age, being fed human
milk exclusively 23 months versus <3 months was associated with significantly lower odds of type
1 diabetes. In the subsample 9.2 years of age and older, the association was in the same
direction but was non-significant.

The remaining 8 studies found non-significant associations between the duration of exclusive
human milk feeding and type 1 diabetes (2, 3, 5-7, 10, 12, 13, 17). As noted above, some of
these studies included a large number of cases (5, 7, 12, 13, 17) or high-risk samples (3, 6). The
non-significant associations were inconsistent in direction.
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In summary, a large body of observational studies examined the relationship between shorter
versus longer durations of exclusive human milk feeding and type 1 diabetes. The significant
associations came from the one study in the body of evidence that paired cases with sibling
controls (i.e., the study that minimized confounding from important variables, such as genetics
and environmental factors, which are shared between siblings)(1), and from some of the studies
that included large numbers of cases (4, 11, 14, 16) or high-risk samples (1) (i.e., studies that
were more likely to have sufficient statistical power). However, other studies with large numbers
of cases (5, 7, 12, 13, 17) and high-risk samples (3, 6) did not find significant associations.
Nevertheless, all of the significant associations in the body of evidence were consistent in
direction.

The consistency in the direction of the significant associations is noteworthy given that the
independent variables were heterogeneous, which was a feature of not defining longer duration
or shorter duration and instead considering all analyses which compared shorter with longer
durations of exclusive human milk feeding in the synthesis of the evidence. Other strengths of the
evidence included its impact and generalizability. Qualitative methods were not used to judge the
impact of the evidence in terms of the magnitude of the risk of being fed human milk exclusively
for a shorter duration on type 1 diabetes. However, given the increasing incidence of type 1
diabetes in the U.S. and the social and economic consequences of this disease??, even small
decreases in the risk for type 1 diabetes have the potential to be of public health importance. The
generalizability of the evidence to U.S. populations was sound overall. There was evidence from
the U.S. that included some racial and ethnic diversity (3, 5), and all of the evidence came from
countries that met the inclusion criterion of being high or very high on the Human Development
Index and therefore having a level of human development likely generalizable to the U.S. Some
of the studies recruited high-risk samples that may not be generalizable; yet, this had the effect of
increasing the studies’ statistical power, which is important given the low incidence of type 1
diabetes.

The body of evidence had limitations related to internal validity. Most of the studies were case-
control studies. TEC members recognized the importance of case-control studies in this area
because they are useful for examining low-incident outcomes such as type 1 diabetes. However,
because case-control studies rely on the retrospective collection of exposure data, differential or
nondifferential misclassification of the exposure may have introduced bias. Differential
misclassification from recall bias (i.e., if mothers of children with type 1 diabetes recalled or
reported infant milk-feeding practices differently from mothers of children without type 1 diabetes)
could have resulted in over- or underestimations of the associations, whereas nondifferential
misclassification would have tended to bias the reported associations towards the null. There was
no such concern related to the outcome, which was medically diagnosed and unlikely to
misclassify cases or controls. Although all of the case-control studies included matching
variables, and many included additional adjustment variables, residual confounding from other
variables related to infant-feeding and type 1 diabetes risk may have occurred. Residual
confounding may have been less of a concern from the study that compared individuals who had
type 1 diabetes with their siblings, with whom they shared genetic and environmental factors (1);
this study found that children with type 1 diabetes were fed human milk exclusively for a

8 Centers for Disease Control and Prevention. CDC Newsroom. Version 13 April 2017. Internet:
https://www.cdc.gov/media/releases/2017/p0412-diabtes-rates.html (accessed 26 April 2018).

9 Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L, Imperatore G, Linder B, Marcovina S, Pettitt
DJ, et al. Incidence Trends of Type 1 and Type 2 Diabetes among Youths, 2002-2012. N Engl J Med
2017;376(15):1419-29.
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significantly shorter duration from their healthy siblings. Another potential source of bias was
multiple comparison bias; Virtanen et al. (15, 16) assessed multiple comparisons across 2 articles
and Sadauskaite-Kuehne et al. (11) only reported significant associations so it is not possible to
know how many comparisons were assessed.

Table 1. Evidence examining the relationship between shorter versus longer durations of
exclusive human milk feeding and type 1 diabetes in offspring’

Author and year

Study design
(study/cohort name
where applicable)

Country

Notable sample
characteristics

Shorter vs longer
durations of exclusive
human milk feeding
exposures?

Significant
associations with
type 1 diabetes

Nonsignificant
associations with
type 1 diabetes

Alves 2012 (1)
Case control

Brazil

N=123 cases, 123
sibling controls

Baseline: Mean 9 y
Race/ethnicity NR

Risk: 100% of sibling
controls had a sibling
with T1D

Mean difference in EBF
duration in cases vs
controls

T1D: -0.9 mo (95% Cl:
-1.2, -0.6), p<0.001

None

Esfarjani 2001 (2) N=52 cases, 52 controls  Mean duration of EBF in  None IDDM by age 14 y: 4.5
c trol Baseline: <14 cases vs controls mo (SD=3.1) vs 4.1 mo
ase contro aseline: y (SD=3.9), NS
Iran Race/ethnicity NR
Risk: 0% of controls with
family history of IDDM
Frederiksen 2013 (3) N=53 cases, 1782 Mean EBF duration in None T1D: 1.4 mo (SD=2.0)

Nested case control®
(DAISY)

us

controls
Baseline: Birth

Race/ethnicity: 70.1%
Non-Hispanic White
Risk: 100% at-risk
genotype or family

history of T1D (first-
degree relative)

cases vs controls

vs 1.3 mo (SD=1.7)

HR 0.97 (95% ClI: 0.83,
1.14), p=0.73

Gimeno 1997 (4)

N=346 cases, 346

EBF 0-7d vs >60 d

IDDM: OR 2.13 (95%

None

controls Cl: 1.28, 3.55)
Case control
Brazil Baseline: <18 y
Sex NR
Race/ethnicity NR
EBF 8-60 d vs >60 d None IDDM: OR 1.14 (95%

Cl: 0.82, 1.58)
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Author and year

Study design
(study/cohort name
where applicable)

Notable sample
characteristics

Shorter vs longer
durations of exclusive
human milk feeding

Significant
associations with
type 1 diabetes

Nonsignificant
associations with
type 1 diabetes

exposures?
Country
Kostraba 1992 (5) N=211 cases, 211 EBF duration in cases None IDDM in white
controls vs controls subsample: 18 wk vs
Case control 13 wk, p=0.4
US Baseline: diagnosed ’ '
<17y but age at the IDDM in black
study NR subsample: 13 wk vs
Race/ethnicity: 26.1% 27 wk, p=0.16
Black, 73.9% White
Lund-Blix 2015 (6) N=726 Full BF duration (mo)as None T1D by age 7.70
Prospective cohort Baseline: Birth a continuous variable (SD°=1 .5'8) y: HR 0.96
(MIDIA) (95% CI: 0.78, 1.18)
Race/ethnicity NR
Norway Risk: 100% at-risk
genotype
Full BF 4-5.9 mo vs <4 None T1D by age 7.70
mo (SD=1.58) y: HR 0.79
(95% CI: 0.32, 1.94)
FullBF 26 momovs <4 None T1D by age 7.70
mo (SD=1.58) y: HR 0.84
(95% CI: 0.26, 2.73)
FullBF<2wkvs>2wk None T1D by age 7.70
(SD=1.58) y: HR 1.10
(95% CI: 0.36, 3.41)
Malcova 2006 (7) N=868 cases, 1466 Intro to formula or other  None T1D: OR 1.11 (95% CI:
c trol controls supplementary feeding 0.83, 1.50)
ase contro . . at 1-3 mo vs 4-6 mo
Czech Republi Baseline: <18y, median
zech Republic 13y (IQR: 10, 16) for
cases, 12y (IQR: 9, 15)
for controls
Race/ethnicity NR
Intro to formula or other  None T1D: OR 0.96 (95% CI:
supplementary feeding 0.69, 1.34)
at 7-9 mo vs 4-6 mo
Intro to formula or other  None T1D: OR 0.90 (95% CI:

supplementary feeding
at 210 mo vs 4-6 mo

0.49, 1.67)
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Author and year

Study design
(study/cohort name
where applicable)

Notable sample
characteristics

Shorter vs longer
durations of exclusive
human milk feeding

Significant
associations with
type 1 diabetes

Nonsignificant
associations with
type 1 diabetes

exposures?
Country
Perez-Bravo 1996 (8) N=80 cases, 85 controls = Mean EBF duration in IDDM: 21.55 wk None
. . cases vs controls (SD=15.05) vs. 33.95
Case control Baseline: Mean: 15.1y wk (SD=20.40), p=0.01
. (SD=5.6)
Chile
Race/ethnicity: Strata Il
of the sociogenetic
classification (40%
indigenous admixture
with European genetic
pools of mostly Spanish
origin)
Perez-Bravo 2003 (9) N=143 cases, 107 Mean EBF duration in IDDM: 5.4 mo (SD=3.5) None

Case control
Chile

controls

Baseline: Mean: ~8 y
(SD ~4)

Race/ethnicity: 100%
two Hispanic surnames
and no Amerindian
background

cases vs controls

vs 7.6 mo (SD=3.6), p
<0.02

Rami 1999 (10)

Case control

N=114 cases, 495
controls

Median EBF duration in
cases vs controls

None

T1D: 2 mo (range: 0, 7)
vs 2 mo (range: 0, 18),
p=0.40

(EURODIAB ACE) Baseline: <15y
Austria Race/ethnicity NR
Sadauskaite-Kuehne N=517 Swedish cases, EBF =5 mo vs <5 mo T1D in Swedish NR*
2004 (11) 286 Lithuanian cases, subsample ages 5-9 y:

. Controls NR (~2 controls OR 0.54 (95% CI: 0.36,
Case control (Diabetes

. per case) 0.81)
and Environment
around the Baltic Sea) Baseline: 0-15 y
Sweden, Lithuania Race/ethnicity NR
EBF =2 mo vs <2 mo T1D in Lithuanian NR

subsample ages 5-9 y:
OR 0.58 (95% ClI: 0.34,
0.99)

Samuelsson 1993 (12)
Case control

Sweden

N=297 cases, 792
controls

Baseline: 0-14 y
Sex NR
Race/ethnicity NR

Mean duration of

complete BF in cases vs

controls

None

IDDM: NS (Data NR)

IDDM in subsample
age <5y:4.50 mo
(SD=0.68) vs 3.02 mo
(SD=0.47), p=0.17

IDDM in subsample
age 5-9y:3.18 mo
(SD=0.26) vs 3.55 mo
(SD=0.25), p=0.34

IDDM in subsample
age >10y: 2.17 mo
(SD=0.16) vs 2.40 mo
(SD=0.11)
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Author and year

Study design
(study/cohort name
where applicable)

Country

Notable sample
characteristics

Shorter vs longer

durations of exclusive

human milk feeding
exposures?

Significant
associations with
type 1 diabetes

Nonsignificant
associations with
type 1 diabetes

Samuelsson 2001 (13)
Case control

Sweden

N=297 cases, 736
controls

Baseline: 0-14 y
Sex NR
Race/ethnicity NR

Mean EBF duration in
cases Vs controls

None

T1D: 2.5 mo (95% CI:
2.2,2.7)vs 2.6 mo
(95% CI: 2.5, 2.8)

Verge 1994 (14)
Case control

Australia

N=217 cases, 258
controls

Baseline: 0-15 y, median
9.2y

Race/ethnicity NR

EBF 23 mo vs EBF <3
mo

IDDM: OR 0.66 (95%
Cl: 0.45, 0.97)

IDDM in subsample
age <9.2y: OR0.50
(95% ClI: 0.28, 0.87)

IDDM in subsample
age 29.2 y: OR 0.80
(95% CI: 0.46, 1.39)

Virtanen 1991 (15)
Case control (DiMe)

Finland

N=103 cases, 103
controls

Baseline: 0-6 y
Race/ethnicity NR

Median EBF duration in

cases vs controls

IDDM: 3 mo vs 4 mo,
p=0.02

None

EBF =21 movs <1 mo

None

IDDM: ~90% in cases
vs ~99% in controls,
NS

EBF =22 mo vs <2 mo

None

IDDM: ~88% in cases
vs ~95% in controls,
NS

EBF 23 movs <3 mo

IDDM: OR 0.36 (95%
Cl: 0.14, 0.93)

~73% in cases vs
~90% in controls,
p<0.05

None

EBF 24 mo vs <4 mo

IDDM: OR 0.41 (95%
Cl: 0.21, 0.83)

~41% in cases vs
~61% in controls,
p<0.05

None

EBF =25 movs <5mo

None

IDDM: OR 0.77 (95%
Cl: 0.36, 1.64)

~28% in cases vs
~30% in controls, NS

EBF =6 mo vs <6 mo

None

IDDM: ~15% in cases
vs ~14% in controls,
NS
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Author and year

Study design
(study/cohort name
where applicable)

Country

Notable sample
characteristics

Shorter vs longer
durations of exclusive
human milk feeding
exposures?

Significant
associations with
type 1 diabetes

Nonsignificant
associations with
type 1 diabetes

Virtanen 1992 (16)
Case control (DiMe)

Finland

N=426 cases, 426
controls

Baseline: 7-14 y
Race/ethnicity NR

Median EBF duration in
cases vs controls

IDDM: 2 mo vs 2 mo?®,
p=0.04

None

EBF =21 movs <1 mo

None

IDDM: OR ~0.8 (95%
Cl: ~0.5, ~1.4)

~88% in cases vs
~90% in controls

EBF =22 movs<2mo

IDDM: OR 0.60 (95%
Cl: 0.41, 0.89)

~65% in cases vs
~75% in controls,
p<0.05

None

EBF 23 movs <3 mo

IDDM: OR 0.63 (95%
Cl: 0.43, 0.93)

~41% in cases vs
~51% in controls,
p<0.05

None

EBF =24 mo vs <4 mo

None

IDDM: OR ~0.7 (95%
Cl: ~0.4,~1.1)

~14% in cases vs
~20% in controls

EBF =5 mo vs <5 mo

IDDM: ~7% in cases vs

IDDM: OR ~0.6 (95%

~13% in controls, Cl: ~0.3, ~1.2)
p<0.05
EBF =6 mo vs <6 mo None IDDM: OR ~0.7 (95%
Cl: ~0.3, ~1.7)
~4% in cases vs ~7%
in controls
Wadsworth 1997 (17) N=218 cases, 324 First introduction of None T1D: OR 1.42 (95% CI:
c trol controls artificial milk formula 2-6 0.75, 2.70)
ase cone Baseline: <5 Wi vs <2 wk
UK ey
Sex NR
Race/ethnicity NR
First introduction of None T1D: OR 0.71 (95% ClI:
artificial milk formula 6 0.40, 1.23)
wk-4 mo vs <2 wk
First introduction of None T1D: OR 1.41 (95% ClI:

artificial milk formula >4
mo vs <2 wk

0.70, 2.80)
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' Abbreviations: BF — breastfeeding, Cl — confidence interval, d — days, DAISY — Diabetes Autoimmunity Study in the Young, DiMe — Childhood Diabetes
in Finland, EBF — exclusively breastfed, HR — hazard ratio, IDDM — insulin-dependent diabetes mellitus, IQR — inter-quartile range, MIDIA —
Environmental Triggers of Type 1 Diabetes, mo — months, NR — not reported, NS — not significant, OR — odds ratio, SD — standard deviation, T1D — type
1 diabetes, UK — United Kingdom, US — United States, wk — weeks, y - years

2 Exposures, as defined by the authors of the studies included in the body of evidence, which address shorter vs longer durations of exclusive human
milk feeding or vice versa

3 Authors call the study a prospective cohort, however the assessment grouped participants by outcome status rather than infant feeding exposure.
4 The authors only reported significant associations; information about non-significant findings were not reported

5 Although the medians are the same the authors describe this as significantly shorter EBF duration in cases than controls

Fasting glucose and insulin resistance

A cluster randomized controlled trial, PROBIT, was the only study to provide evidence about the
duration of exclusive human milk feeding and fasting glucose and insulin resistance in childhood.
In the intention-to-treat analysis, Martin et al. (18) reported no significant differences in fasting
glucose or HOMA-IR at 11.5 years of age between the intervention group (which had higher rates
of exclusive human milk feeding measured at 3 and 6 months) and the control group. Prospective
cohort analyses of PROBIT study data found a slightly higher, but significant, fasting glucose
level in children fed human milk exclusively 3 to <6 months versus <3 months, but no significant
difference in HOMA-IR. There were no differences in fasting glucose or HOMA-IR between
children fed human milk exclusively 26 months in comparison to <3 months, and the trends
across the 3 categories of duration (<3, 3 to <6, and =26 months) were non-significant.

A strength of the evidence was its internal validity. The intention-to-treat analyses of the PROBIT
study was likely to have good internal validity because randomization mitigates selection bias and
confounding. In addition, detection bias may have been reduced by collecting infant-feeding data
prospectively, and an audit by PROBIT researchers found that a random subset of infant-feeding
data had close agreement with data obtained by maternal interview.

On the other hand, the body of evidence had limitations with regard to its adequacy,
generalizability, and impact. Only 1 study examined shorter versus longer durations of exclusive
human milk feeding and fasting glucose and insulin resistance. TEC members had some doubts
about generalizability of the evidence to generally healthy U.S. populations, because U.S.
populations may have higher metabolic risk than the Belarusian population from which the
PROBIT study was sampled. Regarding the impact of the evidence, TEC members concluded
there was evidence of no association between the duration of exclusive human milk feeding and
fasting glucose and insulin resistance at age 11.5 years, which would mean there is no clinical
significance.
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Table 2. Evidence examining the relationship between shorter versus longer durations of
exclusive human milk feeding and fasting glucose and insulin resistance’

Author and year

Study design
(study/cohort
name where
applicable)

Country

Notable sample
characteristics

Shorter vs longer
durations of
exclusive human
milk feeding
exposures?

Significant associations with
intermediate outcomes

Non-significant
associations with
intermediate
outcomes

Martin 2014 (18)

RCT? or
prospective cohort,
depending on the
analysis (PROBIT)

Belarus

N=13,616
Baseline: Birth
Race/ethnicity NR

Intervention group
(higher rate of EBF at
3 and 6 mo) vs
control group

None

Fasting glucose
(mmol/L) at 11.5y:
mean difference -0.03
(95% CI: -0.16, 0.10)

HOMA-IR at 11.5 y:
Ratio of geometric
means 1.05 (95% ClI:
0.85, 1.30)

EBF 3 to <6 mo vs <3
mo

Fasting glucose (mmol/L) at 11.5
y (prospective cohort analysis):
mean difference 0.02 (95% CI:
0.01, 0.04)

Fasting glucose
(mmol/L)at 11.5y
(instrumental variable
analysis): mean
difference -0.09 (95%
Cl: -0.46, 0.29)

HOMA-IR at11.5y
(instrumental variable
analysis): Ratio of
geometric means 1.17
(95% CI: 0.58, 2.37)

HOMA-IRat 11.5y
(prospective cohort
analysis): Ratio of
geometric means 1.00
(95% ClI: 0.95, 1.05)

EBF = 6 mo vs <3 mo

None

Fasting glucose
(mmol/L)at 11.5y
(instrumental variable
analysis): mean
difference -0.15 (95%
Cl: -0.72, 0.42)

Fasting glucose
(mmol/L) at 11.5y
(prospective cohort
analysis): mean
difference 0.00 (95%
Cl: -0.05, 0.04)

HOMA-IR at 11.5y
(instrumental variable
analysis): Ratio of
geometric means 1.28
(95% Cl: 0.44, 3.76)

HOMA-IR at 11.5y
(prospective cohort
analysis): Ratio of
geometric means 1.01
(95% CI: 0.91,1.12)
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Author and year

Study design

(study/cohort Notable sample
name where characteristics
applicable)

Country

Shorter vs longer
durations of
exclusive human
milk feeding
exposures?

Significant associations with
intermediate outcomes

Non-significant
associations with
intermediate
outcomes

EBF duration trend None Fasting glucose
using the categories (mmol/L) at 11.5y:
<3,3to<6,and 26 p=0.38

mo EBF HOMA-IR at 11.5y:
p=0.94

" Abbreviations: Cl — confidence interval, EBF — exclusively breastfed, HOMA-IR — homeostasis model of insulin resistance, mmol/L — millimoles
per liter, mo — months, NR — not reported, PROBIT — Promotion of Breastfeeding Intervention Trial, RCT — randomized controlled trial, y - years

2 Exposures, as defined by the authors of the studies included in the body of evidence, which address shorter versus longer durations of exclusive
human milk feeding or vice versa

3 RCT of an intervention to promote prolonged duration and exclusivity of breastfeeding rather than an RCT of breastfeeding per se

Research recommendations

No evidence examined type 2 diabetes, and only 1 study from outside of the U.S. examined
intermediate diabetes outcomes. Therefore, the primary research recommendation is for future
research to examine the relationship between the duration of exclusive human milk feeding and
type 2 diabetes and intermediate diabetes outcomes in representative and well-powered U.S.
samples. Large prospective samples could perhaps be acquired by linking surveillance systems
that collect data about infant-feeding and diabetes outcomes, or by using electronic medical
record data.

Infant-feeding research will continue to use 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
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; additional study designs that further
minimize confounding including sib-pair analyses (e.g., comparisons of associations within
sibling pairs versus associations irrespective of sibship), analyses of cohorts with different
confounding structures, and use of instrumental variables such as Mendelian
randomization approaches will also be helpful in minimizing confounding
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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. This is the analytic framework for the systematic review conducted to examine the
relationship between shorter versus longer durations of exclusive human milk feeding and

diabetes outcomes in offspring.

Figure 1: Analytic framework

Duration of exclusive human milk feeding

Comparators
Longer durations of exclusive human milk

Target Population ( Key Definitions )
Birth through adulthood + Human milk: mother's own milk provided at the breast (i.e.,
nursing) or expressedand fed fresh or after refrigeration/freezing.
Donor milk (e.g., banked milk) is not examined in this review..
y + Exclusive human milk feeding: feeding human milk alone and not in
Exposures

combination with infant formula and/or complementary foods or
beveragessuch as cow's milk; inclusive of WHO definitions of
“exclusive” and “predominant” breastfeeding, which permit limited
1 \ quantities of (a) drops or syrups containing vitamins, minerals, or
. medicines, (b) water and water-based drinks such as sweetened

\ water and teas, (c) fruit juice, (d) oral rehydration salts solution,
. and (e) ritual fluids'

Intermediate Outcomes

+ Fasting glucose

+ HbA1C

+ Glucose tolerancefinsulin resistance

+ Incidenceand prevalence of prediabetes

'World Health Organization. Indicators for assessing infantand
' youngchild feeding practices: conclusions of a consensus meeting
\ held 6-8 November 2007 in Washington D.C. WHO. 2008.
M

A aae
v \( Critical Confounders
M« Racelethnicity

Endpoint Health Outcomes
Incidence and prevalence oftype 1 diabetes
Incidence and prevalence of type 2 diabetes

-7 + SES(e.g. WIC, educationfincome)
7 + Parental health (e.g., BMI, family history of diseases)

SEARCH PLAN AND RESULTS

Inclusion and exclusion criteria

The inclusion and exclusion criteria (Table 3) 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 shorter
versus longer durations of exclusive human milk feeding and diabetes outcomes in offspring?

Table 3. Inclusion and exclusion criteria

Category Inclusion Criteria

Exclusion Criteria

Study design Randomized controlled trials

Non-randomized controlled trials
Prospective cohort studies
Retrospective cohort studies

Case-control studies

Cross-sectional studies
Before-and-after studies
Uncontrolled studies
Narrative reviews
Systematic reviews

Meta-analyses
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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 20150

Published prior to 1980

Intervention/exposure

Duration of exclusive human milk feeding, inclusive
of World Health Organization definitions of
exclusive and predominant breastfeeding, which
permit limited quantities of (a) drops or syrups
containing vitamins, minerals, or medicines, (b)
water and water-based drinks such as sweetened
water and teas, (c) fruit juice, (d) oral rehydration
salts solution, and (e) ritual fluids™"

Comparator

Longer durations of exclusive human milk feeding

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
Outcomes Intermediate outcomes

* Fasting glucose

+ HbA1C

*  Glucose tolerance/insulin resistance

* Incidence and prevalence of prediabetes
Endpoint health outcomes

* Incidence and prevalence of type 1
diabetes

* Incidence and prevalence of type 2
diabetes

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

'9In 1980 the Infant Formula Act was passed (13), and December 2015 was when the literature search occurred

" World Health Organization. Indicators for assessing infant and young child feeding practices: conclusions of a
consensus meeting held 6—8 November 2007 in Washington D.C. WHO. 2008.
12 United Nations Development Programme. Human Development Report 2014. Sustaining Human Progress:

Reducing Vulnerabilities and Building Resilience. New York, 2014.
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Category

Inclusion Criteria

Exclusion Criteria

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)

Size of study groups

Studies with =230 participants per study group or a
power analysis indicating that the study is
appropriately powered for the outcome(s) of interest

Studies with <30 participants per study group with
no power analysis indicating that the study is
appropriately powered for the outcome(s) of interest

Health status of study
participants

Studies done in generally healthy populations

Studies done in populations where infants were full
term (237 and 0/7 weeks gestational age)

Studies done in populations with elevated chronic
disease risk, or that enroll some participants with a
disease or with the health outcome of interest

Studies that exclusively enroll participants with a
disease or the health outcome of interest

Studies done in hospitalized participants (except for
birth and immediate post-partum hospitalization of
healthy babies) or malnourished participants

Studies of exclusively pre-term babies (gestational
age <37 weeks), exclusively babies that have low
birth weight (<2500g) and/or exclusively babies that
are small for gestational age

Search terms and electronic databases used

PubMed

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

e 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/AIDS][ti] OR human immunodefic*[ti] OR Acquired Immunodefic*[ti] OR "low birth
weight"[ti] OR Ibw[ti] OR vibw[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

e Date searched: Dec 5, 2015
e Search Terms:
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'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
[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

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

articles included

. W
Leukemia n=5 Artic
. . ICles
Food allergies, allergic rhinitis, Articles screenfd (title and abstract) > excluded
atopic dermatitis, and asthma n=6 n=31,335 n=28.537
Cardiovascular disease n=1
A4
Diabetes n=3 Articl
Full-text articles reviewed for eligibilit icles
Celiac disease n=0 n=2 798 g y > excluded
) ' n=2,606
Inflammatory bowel disease n=2
>
W

Articles included in systematic reviews:

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

o Never vs ever feeding human milk N=19
« Shorter vs longer durations of any human milk feeding N=8
« Shorter vs longer durations of exclusive human milk feeding N=0

Food allergies, allergic rhinitis, asthma, and atopic dermatitis N=73*
* Never vs ever feeding human milk N=44
« Shorter vs longer durations of any human milk feeding N=35

Cardiovascular disease N=35*
* Never vs ever feeding human milk N=13
» Shorter vs longer durations of any human milk feeding N=24
+ Shorter vs longer durations of exclusive human milk feeding N=6

Diabetes N=53*

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

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

« Shorter vs longer durations of any human milk feeding N=9
» Shorter vs longer durations of exclusive human milk feeding N=2

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

* Some articles were included in more than one review

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

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

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

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

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

« Shorter vs longer durations of exclusive human milk feeding prior to the introduction of infant formula N=1
« 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
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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 shorter versus longer durations of

exclusive human milk feeding, and several outcomes, including diabetes outcomes in offspring.

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 shorter
versus longer durations of exclusive human milk feeding and diabetes outcomes in offspring
included 18 articles.
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Table 4. 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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Citation

Reasons for

exclusion

1 Aarts, C.,Kylberg, E.,Hofvander, Y.,Gebre-Medhin, M. Growth under privileged conditions of healthy Swedish infants exclusively breastfed from Independent variable
birth to 4-6 months: a longitudinal prospective study based on daily records of feeding. Acta Paediatr. 2003;92(2):145-51.

2 Abarin, T.,Yan Wu, Y.,Warrington, N.,Lye, S.,Pennell, C.,Briollais, L. The impact of breastfeeding on FTO-related BMI growth trajectories: an Independent variable
application to the Raine pregnancy cohort study. Int J Epidemiol. 2012;41(6):1650-60.

3 Abdel-Hafeez, E. H.,Belal, U. S.,Abdellatif, M. Z. M.,Naoi, K.,Norose, K. Breast-feeding protects infantile diarrhea caused by intestinal protozoan Health status
infections. Korean Journal of Parasitology. 2013;51(5):519-524.

4 Abdoll, G. S. Report on the nursing bottle caries campaign launched by the Free State Oral Health Services. Sadj. 2001;56(1):32-3. Study design

5 Abdulmoneim, I.,Al-Ghamdi, S. A. Relationship between breast-feeding duration and acute respiratory infections in infants. Saudi Med J. Study design
2001;22(4):347-50.

6 Aberg, N.,Engstrom, I.,Lindberg, U. Allergic diseases in Swedish school children. Acta Paediatr Scand. 1989;78(2):246-52. Study design

7 Abraham, E. C.,Godwin, J.,Sherriff, A.,Armstrong, J. Infant feeding in relation to eating patterns in the second year of life and weight status in the  Included for
fourth year. Public Health Nutr. 2012;15(9):1705-14. systematic reviews not

completed

8 Abuekteish, F.,Alwash, R.,Hassan, M.,Daoud, A. S. Prevalence of asthma and wheeze in primary school children in northern Jordan. Ann Trop Study design
Paediatr. 1996;16(3):227-31.

9 Abusaad, Fawzia E.,El-Gilany, Abdel-Hady. Exclusive breastfeeding and infant morbidity in Sakaka City, Saudi Arabia. Middle East Journal of Independent variable,
Nursing. 2011;5(6):3-8 6p. Dependent variable

10 Academy of Breastfeeding Medicine. ABM Clinical Protocol #24: Allergic Proctocolitis in the Exclusively Breastfed Infant. Breastfeed Med. Study design
2011;6(6):435-40.

1 Adgent, M. A.,Hoffman, K.,Goldman, B. D.,Sjodin, A.,Daniels, J. L. Brominated flame retardants in breast milk and behavioural and cognitive Independent variable
development at 36 months. Paediatr Perinat Epidemiol. 2014;28(1):48-57.

12 Adlakha, A. L.,Suchindran, C. M. Factors affecting infant and child mortality. J Biosoc Sci. 1985;17(4):481-96. Study design

13 Agache, |.,Ciobanu, C. Risk factors and asthma phenotypes in children and adults with seasonal allergic rhinitis. Phys Sportsmed. Study design
2010;38(4):81-6.

14 Agarwal, D. K.,Agarwal, K. N.,Khare, B. B. Study on current status of infant and childhood feeding practices. Indian Pediatr. 1985;22(9):716. Study design, Country

15 Agostoni, C. Breast-feeding, human milk, long-chain polyunsaturated fatty acids and development. Dev Med Child Neurol Suppl. 2001;86:8-9. Study design

16 Agostoni, C.,Fiocchi, A.,Riva, E.,Terracciano, L.,Sarratud, T.,Martelli, A.,Lodi, F.,D'Auria, E.,Zuccotti, G.,Giovannini, M. Growth of infants with Independent variable,

IgE-mediated cow's milk allergy fed different formulas in the complementary feeding period. Pediatr Allergy Immunol. 2007;18(7):599-606.

Health status
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Agostoni, C.,Grandi, F.,Gianni, M. L.,Silano, M., Torcoletti, M.,Giovannini, M.,Riva, E. Growth patterns of breast fed and formula fed infants in the
first 12 months of life: an Italian study. Arch Dis Child. 1999;81(5):395-9.

Included for
systematic reviews not
completed

18 Agostoni, C.,Grandi, F.,Scaglioni, S.,Gianni, M. L.,Torcoletti, M.,Radaelli, G.,Fiocchi, A.,Riva, E. Growth pattern of breastfed and nonbreastfed Independent variable
infants with atopic dermatitis in the first year of life. Pediatrics. 2000;106(5):E73.
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associated with higher developmental scores at one year of age within a breast-fed population. Adv Exp Med Biol. 2001;501:137-41.
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indices at 1 year of life among breastfed infants. Prostaglandins Leukot Essent Fatty Acids. 2001;64(2):105-9. systematic reviews not
completed
21 Agostoni, C.,Riva, E.,Bellu, R.,Trojan, S.,Luotti, D.,Giovannini, M. Effects of diet on the lipid and fatty acid status of full-term infants at 4 months. Group size
J Am Coll Nutr. 1994;13(6):658-64.
22 Agostoni, C.,Trojan, S.,Bellu, R.,Riva, E.,Giovannini, M. Neurodevelopmental quotient of healthy term infants at 4 months and feeding practice: Included for
the role of long-chain polyunsaturated fatty acids. Pediatr Res. 1995;38(2):262-6. systematic reviews not
completed
23 Agras, W. S.,Kraemer, H. C.,Berkowitz, R. I.,Hammer, L. D. Influence of early feeding style on adiposity at 6 years of age. J Pediatr. Group size
1990;116(5):805-9.
24 Agras, W. S. ,Kraemer, H. C.,Berkowitz, R. I.,Korner, A. F.,Hammer, L. D. Does a vigorous feeding style influence early development of Independent variable
adiposity?. J Pediatr. 1987;110(5):799-804.
25 Agre, F. The relationship of mode of infant feeding and location of care to frequency of infection. Am J Dis Child. 1985;139(8):809-11. Dependent variable
26 Ahn, C. H.,MacLean, W. C., Jr. Growth of the exclusively breast-fed infant. Am J Clin Nutr. 1980;33(2):183-92. Study design,
Independent variable
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