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The contents of this document may be used and reprinted without permission. Endorsements by NESR, the Center for 
Nutrition Policy and Promotion, the Food and Nutrition Service, or the U.S. Department of Agriculture (USDA) of derivative 
products developed from this work may not be stated or implied.  
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INTRODUCTION  

This document describes a systematic review conducted to answer the following question: What is 
the relationship between never versus ever feeding human milk and cardiovascular disease 
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 published2 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 published3 and is available on the NESR website: https://nesr.usda.gov/pb-24-project-
methodology-0. In addition, starting on page 23, 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 23. In addition, the literature 
search plan that was used to identify studies included in this systematic review is found on page 23.  
 
 

 
  

                                            
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/nqy226. 

https://academic.oup.com/ajcn/article-abstract/109/Supplement_7/685S/5456707?redirectedFrom=fulltext
https://academic.oup.com/ajcn/article/109/Supplement_7/698S/5184397
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List of abbreviations 

Abbreviation Full name 

CVD cardiovascular disease 

HDL high-density lipoprotein 

LDL low-density lipoprotein 

NESR Nutrition Evidence Systematic Review 

TEC Technical Expert Collaborative 
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WHAT IS THE RELATIONSHIP BETWEEN NEVER VERSUS EVER FEEDING 
HUMAN MILK AND CARDIOVASCULAR DISEASE OUTCOMES IN OFFSPRING? 

PLAIN LANGUAGE SUMMARY 

What is the question? 
• The question is: What is the relationship between never versus ever feeding human milk 

and cardiovascular disease outcomes in offspring? 
What is the answer to the question? 

• Limited evidence suggests that never versus ever being fed human milk is associated with 
higher blood pressure, within a normal range, at 6 to 7 years of age.  
Evidence about the relationship of never versus ever being fed human milk with blood 
lipids in childhood was inconclusive, and there was insufficient evidence to determine the 
relationship of never versus ever being fed human milk with endpoint cardiovascular 
disease outcomes, blood pressure and blood lipids in adolescence or adulthood, metabolic 
syndrome, and arterial stiffness.  

Why was this question asked? 
• 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? 
• 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?  

• The population of interest was generally healthy infants and toddlers (ages 0-24 months) 
who were in studies examining cardiovascular disease outcomes from childhood through 
adulthood (ages 2 years and up). 

What evidence was found?  
• This review includes 13 articles. 
• These articles compared infants who were never fed human milk with infants who were 

ever fed human milk (i.e., any amount of human milk).  
• These articles examined available evidence related to cardiovascular disease outcomes in 

offspring from childhood through adulthood, including blood lipids, blood pressure, arterial 
stiffness, metabolic syndrome, cardiovascular disease, and cardiovascular disease-related 
mortality. 

• Most of the evidence examined blood lipids and blood pressure in childhood. 
o Six- to seven-year-old children who were never fed human milk may have higher 

blood pressure that is still within a normal range than six- to seven-year-old children 
who were ever fed human milk.  

o With the evidence that is available, it is not possible to conclude whether children 
who were never fed human milk have different levels of blood lipids than children 
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who were ever fed human milk. 
• There are limitations in the evidence as follows:  

o There were not a lot of studies examining any one outcome. 
o There was not a lot of evidence about outcomes beyond childhood; therefore, there 

was no evidence about cardiovascular disease or cardiovascular disease-related 
mortality, and there was not a lot of evidence about arterial stiffness and metabolic 
syndrome. 

o There was no evidence from the U.S., and the risk of cardiovascular disease in the 
U.S. may be higher than it is in the populations with available evidence.  

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

How up-to-date is this review? 
• This review includes literature from 01/1980 to 03/2016. 
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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 never versus ever feeding human milk and cardiovascular disease 
outcomes in offspring? 

• This systematic review examines comparisons of infants who were never fed human milk 
with infants who were ever fed human milk (i.e., any amount of human milk feeding).  
Human milk feeding was defined as feeding human milk alone or in combination with infant 
formula and/or 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. 

• This systematic review examines available evidence related to cardiovascular disease 
outcomes in offspring from childhood through adulthood, including blood lipids, blood 
pressure, arterial stiffness, metabolic syndrome, cardiovascular disease, and 
cardiovascular disease-related mortality. 

Conclusion statement and grades 
• Limited evidence suggests that never versus ever being fed human milk is associated with 

higher blood pressure, within a normal range, at 6 to 7 years of age. 
Evidence about the relationship of never versus ever being fed human milk with blood 
lipids in childhood was inconclusive, and there was insufficient evidence to determine the 
relationship of never versus ever being fed human milk with endpoint cardiovascular 
disease outcomes, blood pressure and blood lipids in adolescence or adulthood, metabolic 
syndrome, and arterial stiffness.  
Grade: Limited – blood pressure at 6 to 7 years of age; Grade Not Assignable – 
cardiovascular disease, cardiovascular disease-related mortality, blood lipids, arterial 
stiffness, metabolic syndrome, blood pressure at ages other than at 6 to 7 years 

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. 

• 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 
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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 
• Thirteen articles met the inclusion criteria for this systematic review, including 4 with 

evidence about blood lipids, 7 with evidence about blood pressure, 2 with evidence about 
arterial stiffness, and 1 with evidence about metabolic syndrome (1 article presented 
evidence for both blood pressure and arterial stiffness). None of the included articles 
presented evidence about cardiovascular disease or cardiovascular disease-related 
mortality. 

• Evidence about the association between never versus ever feeding human milk and higher 
blood pressure, within a normal range, at 6 to 7 years of age was limited. Across the 5 
independent studies (6 articles) that examined blood pressure in children, 3 found 
statistically significant associations, and all of them showed that never being fed human 
milk was associated with higher blood pressure within a normal range. The ability to draw 
stronger conclusions was primarily limited by the small number of studies, the lack of 
studies from the United States (where cardiovascular disease risk may be higher), and 
concerns about internal validity such as the potential for confounding. 

• Evidence about blood lipids in childhood was inconclusive. Across 3 independent studies, 
the only significant association was in a subsample of boys, there were no comparable 
analyses with which to compare the significant finding, and the nonsignificant associations 
were inconsistent in direction.  

• Evidence related to outcomes beyond childhood was scant, and no studies examined 
endpoint health outcomes (i.e., cardiovascular disease and cardiovascular disease-related 
mortality). 
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FULL REVIEW 

Systematic review question 
What is the relationship between never versus ever feeding human milk and cardiovascular 
disease outcomes in offspring? 

Conclusion statement 
Limited evidence suggests that never versus ever being fed human milk is associated with higher 
blood pressure, within a normal range, at 6 to 7 years of age.  
Evidence about the relationship of never versus ever being fed human milk with blood lipids in 
childhood was inconclusive, and there was insufficient evidence to determine the relationship of 
never versus ever being fed human milk with endpoint CVD outcomes, blood pressure and blood 
lipids in adolescence or adulthood, metabolic syndrome, and arterial stiffness.  

Grade 
Limited: Blood pressure at 6 to 7 years of age 
Grade not assignable: Blood lipids, arterial stiffness, metabolic syndrome, and endpoint 
cardiovascular disease outcomes; blood pressure beyond childhood 

Summary 
• This systematic review examines comparisons of infants who were never fed human milk 

with infants who were ever fed human milk (i.e., any amount of human milk feeding).  
Human milk feeding was defined as feeding human milk alone or in combination with infant 
formula and/or 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. 

• This systematic review examines available evidence related to cardiovascular disease 
outcomes in offspring from childhood through adulthood, including blood lipids, blood 
pressure, arterial stiffness, metabolic syndrome, cardiovascular disease, and 
cardiovascular disease-related mortality. 

• Thirteen articles met the inclusion criteria for this systematic review. Of these, 4 presented 
evidence about blood lipids, 7 presented evidence about blood pressure, 2 presented 
evidence about arterial stiffness, and 1 presented evidence about metabolic syndrome (1 
article presented evidence for both blood pressure and arterial stiffness). None of the 
included articles presented evidence about cardiovascular disease or cardiovascular 
disease-related mortality. 

• Evidence about the association between never versus ever feeding human milk and higher 
blood pressure, within a normal range, at 6 to 7 years of age was limited. Across the 5 
independent studies (6 articles) that examined blood pressure in children, 3 found 
statistically significant associations, and all of them showed that never being fed human 
milk was associated with higher blood pressure within a normal range. The ability to draw 
stronger conclusions was primarily limited by the small number of studies, the lack of 
studies from the United States (where cardiovascular disease risk may be higher), and 
concerns about internal validity such as the potential for confounding. 
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• Evidence about blood lipids in childhood was inconclusive. Across 3 independent studies, 
the only significant association was in a subsample of boys, there were no comparable 
analyses with which to compare the significant finding, and the nonsignificant associations 
were inconsistent in direction.  

• Evidence related to outcomes beyond childhood was scant, and no studies examined 
endpoint health outcomes (i.e., cardiovascular disease and cardiovascular disease-related 
mortality). 
 

Description of the evidence 
Thirteen articles met the inclusion criteria for this systematic review question. None of the 
identified articles examined the relationship between never versus ever being fed human milk and 
endpoint cardiovascular disease (CVD) outcomes (i.e., CVD and CVD-related mortality). All 13 
articles examined intermediate outcomes. The intermediate outcomes examined were blood 
lipids, blood pressure, arterial stiffness, and metabolic syndrome. 
Blood lipids 
Four articles presented evidence about the relationship between never versus ever feeding 
human milk and blood lipids (Table 1). Two prospective cohort studies (1, 2) and 1 retrospective 
cohort study (3) examined outcomes in children, no studies examined outcomes in adolescents, 
and 1 prospective cohort study (4) examined outcomes in adults. 
Children in the prospective cohort studies were newborn at baseline and infant-feeding data were 
reported by parents. In the retrospective cohort study, participants were ages five to 11 years at 
baseline and infant-feeding data were collected from participants’ Carnet de Santé (i.e., booklets 
into which pediatricians record prospective data at medical appointments for parents to keep). 
Children who were never fed human milk were compared with children who were ever fed human 
milk (1, 3) or who were fed human milk for categorical ranges of duration (2). Total cholesterol 
and triacylglycerol was measured at ages 5 to 11 years (3); total, low-density lipoprotein (LDL), 
and high-density lipoprotein (HDL) cholesterol and triglycerides were measured at age 6 years 
(1); and total and HDL cholesterol and total:HDL cholesterol were measured at age 8 years (2).  
In some cases, children were not fasting (2) and in other cases blood was drawn after a 30-
minute (1) or overnight fast (3). 
The prospective cohort study in adults examined an 18-year-old male subsample of the Pelotas 
Birth Cohort study (4). Infant-feeding data were collected prospectively by parent report and 
participants never fed human milk were compared with those ever fed human milk. Total, LDL 
and HDL cholesterol, LDL:HDL, and triglycerides were assessed from a blood sample collected 
by venipuncture about 5 to 7 hours after a meal. 
Blood pressure 
Seven articles presented evidence about the relationship between never versus ever feeding 
human milk and blood pressure (Table 2). Six of the articles examined blood pressure in 
childhood, 1 article examined blood pressure in adolescence (5), and no articles examined blood 
pressure in adulthood.  
The 6 articles that examined childhood blood pressure presented evidence from 2 non-
randomized controlled trials (6, 7) and 3 independent prospective cohort studies (8-11) because 
de Jonge et al. (8, 9) presented evidence from the Generation R Study across 2 articles. The 
prospective cohort studies collected infant-feeding data by parent report via questionnaire. Both 
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experimental studies randomized formula-fed infants to groups fed an experimental formula 
(which was not examined in this systematic review) or a standard infant formula, and included a 
comparison of the standard infant formula group with a non-randomized group of infants fed 
human milk. The studies measured blood pressure using a sphygmomanometer (11) or automatic 
device (6-10). Some studies specified that measurements were taken when children were seated 
(6, 7, 9) or supine (8), and de Jong et al. (6) specified that children had a resting period prior to 
having their blood pressure measured. 
One prospective cohort study presented evidence on blood pressure in adolescence (5). The 
Hong Kong Children of 1997 birth cohort compared participants never fed human milk with 
participants fed human milk exclusively for less than, and at least, 3 months, and examined 
outcomes at 12 to 15 years of age. Blood pressure was measured with an automatic oscillometric 
device after a 10 minute rest. 
Arterial stiffness 
Two prospective cohort studies presented evidence about the relationship between never versus 
ever feeding human milk and arterial stiffness in childhood (8, 12); no studies examined 
outcomes in adolescence or adulthood (Table 3). The studies examined heterogeneous 
outcomes, including intima-media thickness, distensibility, and elastic modulus of the right 
common carotid artery at 5 years of age (12), and carotid-femoral pulse wave velocity at 6 years 
of age (8). These variables were measured while participants were supine. 
Metabolic syndrome 
One case-control study presented evidence about metabolic syndrome at 7 to 18 years of age 
(13), but no other studies examined metabolic syndrome at other ages (Table 4). Metabolic 
syndrome was diagnosed if 3 of 4 criteria were met: a) Body Mass Index >95th percentile (CDC 
growth curve), b) abnormal glucose homeostasis (fasting hyperinsulinemia, impaired fasting 
glucose, or impaired glucose tolerance), c) hypertension (systolic blood pressure >95th 
percentile), d) dyslipidemia (triglycerides >105 mg/dL in children <10 years and >136 mg/dL in 
children ≥ 10 years, HDL <35 mg/dL or total cholesterol >95th percentile). 

 
Evidence synthesis   

Blood lipids 
Evidence about the relationship between never versus ever feeding human milk and blood lipids 
in childhood was inconclusive (Table 1). Only 3 studies examined blood lipids in childhood. The 
associations of never versus ever feeding human milk with HDL cholesterol, the ratio of total to 
HDL cholesterol, LDL cholesterol, and triglycerides were non-significant and inconsistent in 
direction, as were all but one of the associations with total cholesterol. The only statistically 
significant association, reported by Plancoulaine et al. (3), found that 5- to 11-year-old boys who 
were fed human milk had significantly lower total cholesterol than boys who were exclusively fed 
infant formula; however, the corresponding analysis in girls was non-significant. The other studies 
in childhood did not examine outcomes by sex, so there were no comparable analyses to 
examine whether this association is typical among boys.  
The available evidence was insufficient to determine the relationship between never versus ever 
feeding human milk and blood lipids in adolescents or adults (Table 1). There was only 1 study 
that examined outcomes outside of childhood (i.e., at ae 18 years). It had limited generalizability 
because it examined the male subsample, only, of the Pelotas Birth Cohort (4).  



14  

 
Table 1. Evidence examining the relationship between never versus ever feeding human milk 
and blood lipids1 

Author and year 

Study design 
(cohort name) 

Country 

Notable sample 
characteristics 

Never vs ever 
feeding human 
milk exposures2 

Significant associations 
with blood lipids 

Nonsignificant associations 
with blood lipids 

Bekkers 2011 (2) 

Prospective cohort 
(PIAMA birth cohort) 

Netherlands  

N=751 

Baseline: Birth 

Race/ethnicity NR 

BF 1-16 wk vs No 
BF 

None Plasma TC concentration at 8 y 
(mmol/l): β -0.01 (95% CI: -0.15, 
0.13), OR ~0.9 (95% CI: ~0.7, 
~1.1) 

Plasma HDL-C concentration at 8 
y (mmol/l): β -0.01 (95% CI: -
0.08, 0.06), OR ~1.0 (95% CI: 
~0.8, ~1.2) 

TC:HDL at 8 y: β 0.03 (95% CI: -
0.13, 0.18), OR ~0.9 (95% CI: 
~0.8, ~1.2) 

  BF ≥16 wk vs No 
BF 

None Plasma TC concentration at 8 y 
(mmol/l): β 0.003 (95% CI: -0.15, 
0.16), OR ~1.0 (95% CI: ~0.8, 
~1.2) 

Plasma HDL-C concentration at 8 
y (mmol/l): β -0.002 (95% CI: -
0.08, 0.07), OR ~0.9 (95% CI: 
~0.7, ~1.2) 

TC:HDL at 8 y: β 0.04 (95% CI: -
0.13, 0.22), OR ~1.0 (95% CI: 
~0.8, ~1.2) 

Gishti 2014 (1) 

Prospective cohort 
(Generation R Study) 

Netherlands 

N=3,417 

Baseline: Birth 

Race/ethnicity NR 

Never BF vs Ever 
BF 

None TC (mmol/l) at 6 y: SDS -0.06 
(95% CI: -0.19, 0.06) 

HDL-C (mmol/l) at 6 y: SDS 0.07 
(95% CI: -0.06, 0.19) 

LDL-C (mmol/l) at 6 y: SDS -0.05 
(95% CI: -0.18, 0.08) 

Triglycerides (mmol/l) at 6 y: SDS 
-0.01 (95% CI: -0.14, 0.11) 

Plancoulaine 2000 
(3) 

Retrospective 
cohort3 (Fleurbaix 
Laventie Ville Santé) 

France  

N=461 

Baseline: 5-11 y 

Race/ethnicity NR 

BF vs FF TC (mmol/L) in 5-11 y 
boys: 4.4 (95% CI: 4.2, 4.6) 
vs 4.7 (95% CI: 4.5, 4.8), 
p=0.03 

TC (mmol/L) in 5-11 y girls: 4.6 
(95% CI: 4.4, 4.9) vs 4.6 (95% CI: 
4.4, 4.8), p=0.59 

Triacylglycerol ≥ 0.8 mmol/L (%) 
in 5-11 y boys: 43.2 (95% CI: 
37.0, 49.4) vs 54.1 (95% CI: 48.9, 
59.3), p=0.35 

Triacylglycerol ≥ 0.8 mmol/L (%) 
in 5-11 y girls: 54.5 (95% CI: 
47.9, 61.1) vs 55.6 (95% CI: 49.0, 
62.2), p=0.71 
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Author and year 

Study design 
(cohort name) 

Country 

Notable sample 
characteristics 

Never vs ever 
feeding human 
milk exposures2 

Significant associations 
with blood lipids 

Nonsignificant associations 
with blood lipids 

Victora 2006 (4) 

Prospective cohort 
(Pelotas Birth 
Cohort) 

Brazil 

N=2,059 

Baseline: Birth 

Sex: 100% male 

Race/ethnicity NR 

Never BF vs Ever 
BF 

HDL-C (mg/dl) at 18 y: 
41.0 (95% CI: 39.4, 42.7) 
vs 39.5 (95% CI: 38.6, 
40.3), p=0.05 

LDL-C (mg/dL) at 18 y: 91.1 (95% 
CI: 86.8, 95.5) vs 89.1 (95% CI: 
86.9, 91.3), p=0.34 

TC (mg/dL) at 18 y: 147.1 (95% 
CI: 142.2, 152.0) vs 144.4 (95% 
CI: 141.9, 146.8), p=0.24 

LDL/HDL ratio at 18 y: 2.31 (95% 
CI: 2.17, 2.45) vs 2.37 (95% CI: 
2.30, 2.44), p=0.37 

Triglycerides (mg/dL) at 18 y: 
77.4 (95% CI: 69.5, 85.3) vs 80.3 
(95% CI: 76.3, 84.3), p=0.45 

1 Abbreviations: BF – breastfed, CI – confidence interval, FF – formula fed, HDL-C – HDL cholesterol (high density lipoprotein), LDL-C – LDL cholesterol 
(low density lipoprotein), mg/dL – milligrams per deciliter, mmol/l – millimoles per liter, NR – not reported, PIAMA – Prevention and Incidence of Asthma 
and Mite Allergy , SDS – standard deviation score, TC – total cholesterol, y – years 

2 Exposures, as defined by the authors of the studies included in the body of evidence, which address never vs ever feeding human milk or vice versa 

3 The authors call their study a cross-sectional study, however the exposure data were collected in the past rather than at the time of the outcome 

                                            

 
 
Blood pressure 
The available evidence was insufficient to determine the relationship between never versus ever 
feeding human milk and blood pressure in adolescence or adulthood. Only 1 study examined 
outcomes in adolescents and no studies examined outcomes in adults (Table 2).  
Childhood 
Across the 5 studies (6 articles) that examined childhood blood pressure (Table 2), 3 reported 
statistically significant associations. The findings were consistent in showing that never being fed 
human milk is associated with higher blood pressure at 6 to 7 years of age (7, 10, 11).  
Specifically, Martin et al. (10) found that 7-year-olds who were ever fed human milk had 
significantly lower mean systolic blood pressure and diastolic blood pressure than 7-year-olds 
who were never fed human milk. Additional analyses divided the group ever fed human milk by 
duration and exclusivity. In comparison to children who were never fed human milk, children who 
were fed human milk <2 months or fed human milk exclusively <2 months had significantly lower 
mean systolic blood pressure and diastolic blood pressure, and children fed human milk 
exclusively ≥2 months had significantly lower systolic blood pressure and a lower diastolic blood 
pressure that was non-significant.  
Forsyth et al. (7) found a significantly lower mean diastolic blood pressure in 6-year-olds who 
were ever fed human milk (i.e., from a non-randomized human milk-feeding group) than in 6-year-
olds who were never fed human milk (i.e., from a group randomized to be fed standard infant 
formula). The corresponding analysis for systolic blood pressure was not significant.  
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Finally, Wilson et al. (11) reported that 7-year-olds who were never fed human milk had higher 
systolic blood pressure and diastolic blood pressure than 7-year-olds who were fed human milk 
exclusively until weaning and who were fed human milk in addition to infant formula and/or 
complementary foods or beverages prior to weaning.  
Of note, in all 3 studies the mean systolic blood pressure and diastolic blood pressure values of 
all the groups were below screening cutoffs for hypertension (i.e., systolic blood pressure below 
105 to 106 and diastolic blood pressure below 66 to 68, which is based on the 90th percentile for 
age- and sex-specific blood pressure in children at the 5th percentile for height so that the 
negative predictive value is >99%)4. The associations from 2 additional studies that measured 
outcomes at 2, 6, and 9 years of age were not statistically significant (6, 8, 9).  
Although the body of evidence was reasonably consistent, it had limitations with regard to its 
adequacy, generalizability, impact, and internal validity. With regard to the adequacy of the 
evidence, there were only 5 independent studies. There were some doubts about the 
generalizability of the evidence to U.S. populations. On one hand, the samples were all from 
countries that met the inclusion criterion of being high or very high on the 2014 Human 
Development Index5 and therefore had a level of human development likely generalizable to the 
U.S. However, there were no U.S. samples, and U.S. populations may have higher 
cardiovascular risk than the populations from which study participants were sampled. A difference 
in cardiovascular risk could reduce the generalizability of the evidence to the U.S. population of 
interest. In the NESR grading rubric, the impact of the evidence takes into consideration the 
directness with which the study designs examined the link between the exposure and outcome of 
interest in the systematic review question, and the clinical significance of the evidence. Both of 
the non-randomized controlled trials were indirect because they were originally designed to 
examine the effect of long-chain polyunsaturated fatty acid supplementation in infant formula (6, 
7). The evidence is unlikely to have clinical significance because it suggested that that never 
versus ever feeding human milk relates to blood pressure in childhood that, while higher, is within 
a normal range. There were a few concerns regarding the internal validity of the evidence. 
Forsyth et al (7) did not control for confounding variables. The remaining studies did control for 
confounding variables identified as being critical confounders, including measures of 
socioeconomic status such as maternal education (6, 8-10) and family household income (9); 
race and ethnicity (8); and measures of parental health including pre-pregnancy body mass index 
(8-10), family history of hypertension (9, 10), and maternal blood pressure (11). Nevertheless, 
residual confounding from other variables related to infant feeding and CVD risk may have 
persisted as a source of bias. Attrition also may have biased the evidence because, across the 
studies, attrition was high (>20%) and/or differential with respect to variables such as 
socioeconomic variables (8, 10, 11) and birth weight (7, 8, 10).  
 

  

                                            
4 Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR, de Ferranti SD, Dionne JM, Falkner B, 
Flinn SK, et al. Clinical Practice Guideline for Screening and Management of High Blood Pressure in Children and 
Adolescents. Pediatrics 2017;140(3). 
5 United Nations Development Programme. Human Development Report 2014. Sustaining Human Progress: 
Reducing Vulnerabilities and Building Resilience. New York, 2014. 
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Table 2. Evidence examining the relationship between never versus ever feeding human milk 
and blood pressure1 

Author and year 
Study design 
(study/cohort name 
where applicable) 

Country 

Notable sample 
characteristics 

Never vs ever 
feeding human 
milk exposures2 

Significant associations 
with blood pressure 

Nonsignificant 
associations with blood 
pressure 

de Jong 2011 (6) 

Non-randomized 
controlled trial3 
(Groningen LCPUFA 
study) 

Netherlands 

N=241 

Baseline: Birth 

Race/ethnicity NR 

Control formula 
group vs BF group 

None SBP at 9 y (mmHg): mean 
104.59 mm Hg (SD=7.9) vs 
mean 105.17 mm Hg 
(SD=7.8) 

DBP at 9 y (mmHg): mean 
63.78 mm Hg (SD=7.6) vs 
mean 63.77 mm Hg 
(SD=8.0) 

de Jonge 2010 (9) 

Prospective cohort 
(Generation R Study) 

Netherlands 

N=555  

Baseline: Birth 

Race/ethnicity NR 

Never BF vs Ever 
BF 

None SBP at 2 y (mmHg): β 1.50 
(95% CI: -1.85, 4.85) 

DBP at 2 y (mmHg): β -
0.33 (95% CI: -3.02, 3.68) 

  Never BF vs BF ≥ 6 
mo 

None SBP at 2 y (mmHg): β 2.00 
(95% CI: -1.59, 5.60) 

DBP at 2 y (mmHg): β -
0.17 (95% CI: -3.79, 3.44)  

  Never BF vs EBF ≥ 
4 mo 

None SBP at 2 y (mmHg): β 2.64 
(95% CI: -1.11, 6.39) 

DBP at 2 y (mmHg): β 0.86 
(95% CI: -2.90, 4.62)  

de Jonge 2013 (8) 

Prospective cohort 
(Generation R Study)  

Netherlands 

N=5,033 

Baseline: Birth 

Race/ethnicity NR 

Never BF vs Ever 
BF 

None SBP at 6 y (mmHg): β 0.00 
(95% CI: -0.79, 0.80) 

DBP at 6 y (mmHg): β 0.21 
(95% CI: -0.48, 0.89)  

Forsyth 2003 (7)  

Non-randomized 
controlled trial3 

UK, Belgium, Italy 

N=154 

Baseline: Birth 

Sex NR 

Race/ethnicity NR 

BF group vs Control 
formula group 

DBP at 6 y (mmHg): mean 
difference -3.4 mmHg (95% 
CI: -6.8, -0.01), p=0.02 

SBP at 6 y (mmHg): NS 
(data NR) 

Kwok 2013 (5) 

Prospective cohort 
(Hong Kong's Children 
of 1997 birth cohort) 
Hong Kong 

N=5,247 

Baseline: Birth 

Race/ethnicity NR 

Partial BF any 
length of time or 
EBF < 3 mo vs 
Never BF 

None SBP (mmHg) at 12-15 y: 
Mean difference 0.01 (95% 
CI: -0.64, 0.66) 

DBP (mmHg) at 12-15 y: 
Mean difference 0.16 (95% 
CI: -0.20, 0.52) 

  EBF ≥ 3 mo vs 
Never BF 

None SBP (mmHg) at 12-15 y: 
Mean difference 0.82 (95% 
CI: -0.46, 2.11) 

DBP (mmHg) at 12-15 y: 
Mean difference 0.49 (95% 
CI: -0.22, 1.21) 
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Author and year 
Study design 
(study/cohort name 
where applicable) 

Country 

Notable sample 
characteristics 

Never vs ever 
feeding human 
milk exposures2 

Significant associations 
with blood pressure 

Nonsignificant 
associations with blood 
pressure 

Martin 2004 (10) 

Prospective cohort 
(ALSPAC) 

UK 

N=7,142 

Baseline: Birth 

Race/ethnicity: 95% 
White, 5% Non-
White 

Ever BF vs Never 
BF 

SBP (mmHg) at 7 y: Mean 
difference -0.8 (95% CI: -1.5, -
0.1), p=0.03 

DBP (mmHg) at 7 y: Mean 
difference -0.6 (95% CI: -1.0, -
0.1), p=0.03 

None 

  Partially BF 
(stopped BF or non-
EBF by 2 mo) vs 
Never BF 

SBP (mmHg) at 7 y: Mean 
difference -0.8 (95% CI: -1.5, -
0.03), p=0.04 

DBP (mmHg) at 7 y: Mean 
difference -0.6 (95% CI: -1.2, -
0.1), p=0.03 

None 

  EBF ≥2 mo vs 
Never BF 

SBP (mmHg) at 7 y: Mean 
difference -0.9 (95% CI: -1.7, -
0.1), p=0.02 

DBP (mmHg) at 7 y: Mean 
difference -0.6 (95% CI: -
1.2, 0.03), p=0.06 

Wilson 1998 (11) 

Prospective cohort 
(Dundee Infant 
Feeding Study) 

UK  

N=301 

Baseline: Birth 

Race/ethnicity NR 

Bottle feeding vs 
Partial BF 

SBP (mmHg) at age 7 y: 
Mean estimated values 94.2 
(95% CI: 93.5, 94.9) vs 90.9 
(95% CI: 90.2, 91.6), p<0.05  

DBP (mmHg) at age 7 y: 
Mean estimated values 58.5 
(95% CI: 58.0, 59.0) vs 56.5 
(95% CI: 56.1, 56.9)4 

 

  Bottle feeding vs 
EBF 

SBP (mmHg) at 7 y: Mean 
estimated values 94.2 (95% 
CI: 93.5, 94.9) vs 90.3 (95% 
CI: 89.5, 91.1), p<0.05  

DBP (mmHg) at 7 y: Mean 
estimated values 58.5 (95% 
CI: 58.0, 59.0) vs 56.2 (95% 
CI: 55.7, 56.7)4 

 

1 Abbreviations: ALSPAC – Avon Longitudinal Study of Parents and Children, BF – breastfed, CI – confidence interval, DBP – diastolic blood pressure, 
EBF – exclusively breastfed, LCPUFA – long chain polyunsaturated fatty acid, mmHg – millimeters of mercury, mo – months, NR – not reported, NS – 
non-significant, SBP – systolic blood pressure, UK – United Kingdom, y – years 

2 Exposures, as defined by the authors of the studies included in the body of evidence, which address never vs ever feeding human milk or vice versa 

3 Study was an RCT, but the comparison of interest included a non-randomized breastfeeding reference group 

4 The authors did not state that this is statistically significant, however the confidence intervals do not overlap  
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Arterial stiffness 
The available evidence was insufficient to determine the relationship between never versus ever 
feeding human milk and arterial stiffness. The body of evidence consisted of only 2 studies, which 
examined heterogeneous outcomes (Table 3). 
 

Table 3. Evidence examining the relationship between never versus ever feeding human milk 
and arterial stiffness1 

Author and year 
Study design 
(cohort name) 

Country 

Notable sample 
characteristics 

Never vs ever 
feeding human 
milk exposures2 

Significant associations 
with arterial stiffness 

Nonsignificant associations with 
arterial stiffness 

de Jonge 2013 (8) 

Prospective 
cohort 
(Generation R 
Study) 

Netherlands 

N=5,033 

Baseline: Birth 

Race/ethnicity NR 

Never BF vs Ever 
BF 

Carotid-femoral pulse wave 
velocity (m/sec) at 6 y: β 
0.13 (95% CI: 0.03, 0.24), 
p<0.05 

None 

Evelein 2011 (12) 

Prospective 
cohort 
(WHISTLER-
Cardio) 

Netherlands 

N=157-166 

Baseline: Birth 

Race/ethnicity NR 

Only milk was BM 
< 3 mo vs FF 

None IMT of the right common carotid 
artery (μm) at 5 y: linear regression 
coefficient 0.51 (95% CI: -13.5, 
14.5)  

Distensibility of the right common 
carotid artery (MPa-1) at 5 y: linear 
regression coefficient 2.5 (95% CI: -
7.6, 12.6) 

Elastic modulus of the right common 
carotid artery (kPa) at 5 y: linear 
regression coefficient -2.8 (95% CI: 
-19.9, 14.3) 

  Only milk was BM 
3-6 mo vs FF 

None IMT of the right common carotid 
artery (μm) at 5 y: linear regression 
coefficient 17.1 (95% CI: -0.54, 
34.7), p < 0.10 > 0.05 

Distensibility of the right common 
carotid artery (MPa-1) at 5 y: linear 
regression coefficient 1.8 (95% CI: -
11.1, 14.7) 

Elastic modulus of the right common 
carotid artery (kPa) at 5 y: linear 
regression coefficient -9.4 (95% CI: 
--31.2, 12.4) 
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Author and year 
Study design 
(cohort name) 

Country 

Notable sample 
characteristics 

Never vs ever 
feeding human 
milk exposures2 

Significant associations 
with arterial stiffness 

Nonsignificant associations with 
arterial stiffness 

  Only milk was BM 
> 6 mo vs FF 

None IMT of the right common carotid 
artery (μm) at 5 y: linear regression 
coefficient 0.98 (95% CI: -17.8, 
19.8)  

Distensibility of the right common 
carotid artery (MPa-1) at 5 y: linear 
regression coefficient 4.3 (95% CI: -
9.3, 17.8) 

Elastic modulus of the right common 
carotid artery (kPa) at 5 y: linear 
regression coefficient -1.6 (95% CI: 
-24.9, 21.6) 

 

1 Abbreviations: BF – breastfed, BM – breastmilk, CI – confidence interval, FF – formula fed. IMT – intima-media thickness, kPa – kilopascal, mo – 
months, MPa-1 – 1/megapascal, NR – not reported, WHISTLER-Cardio – Wheezing Illnesses Study Leidsche Rijn Cardio, y – years, μm - micrometers 

2 Exposures, as defined by the authors of the studies included in the body of evidence, which address never vs ever feeding human milk or vice versa 

                                            

 
 
Metabolic syndrome 
The available evidence was insufficient to determine the relationship between never versus ever 
feeding human milk and metabolic syndrome. The body of evidence consisted of only 1 study, 
which examined metabolic syndrome in 7- to 18-year-olds (Table 4). 
 

Table 4. Evidence examining the relationship between never versus ever feeding human milk 
and metabolic syndrome1 

Author and year 
Study design 

Country 

Notable sample 
characteristics 

Never vs ever 
feeding human 
milk exposures2 

Significant 
associations with 
metabolic syndrome 

Nonsignificant associations 
with metabolic syndrome 

Sangun 2011 (13) 

Case control 

Turkey 

N=240 cases, 374 
controls 

Baseline: Mean 11.3 y 
(SD=2.5); Range 7-18 
y 

Race/ethnicity NR 

EBF 6 mo vs Not 
BF 

Prevalence of metabolic 
syndrome in 7- to 18-
year-olds who were EBF 
6 mo vs Not BF: 34% vs 
52%, p<0.05 

None 

1 Abbreviations: BF – breastfed, EBF – exclusively breastfed, mo – months, NR – not reported, SD – standard deviation, y – years 

2 Exposures, as defined by the authors of the studies included in the body of evidence, which address never vs ever feeding human milk or vice versa 
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Research recommendations 
The available evidence examines intermediate outcomes and not endpoint CVD outcomes, and 
studies samples outside of the U.S. that may differ in cardiovascular risk from the U.S. 
population. Therefore, the primary research recommendation is for future research to focus on 
these gaps in evidence. Some potential means of accessing data include linking surveillance 
systems that collect data about infant feeding and non-communicable diseases, and making use 
of emerging electronic medical record data.  
Infant-feeding research will continue to rely on observational designs, because of ethical issues 
related to randomizing infants 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: 

• Move toward collecting data consistently using valid and reliable methods 
• Increase the precision with which they define infant-feeding variables 
• 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 

• Assess baseline differences in critical confounding variables between comparison groups, 
and make statistical adjustments as necessary; the use of study designs such as 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, could 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 and lists critical confounding variables. This is the analytic framework for the 
systematic review conducted to examine the relationship between never versus ever feeding 
human milk and cardiovascular disease outcomes in offspring.  
 
Figure 1: Analytic framework 

 
 
 

SEARCH PLAN AND RESULTS 

Inclusion and exclusion criteria 
The inclusion and exclusion criteria (Table 5) 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 never 
versus ever feeding human milk and cardiovascular disease outcomes in offspring?  
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Table 5. 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 

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 20156 Published prior to 1980 

Intervention/exposure Never feeding human milk Feeding human milk (e.g., very short-term or token 
breastfeeding) 

Comparator Ever feeding human milk (i.e., any duration/amount 
of human milk feeding) 

 

Source of foods, 
beverages, or 
nutrients 

Human milk: mothers’ own milk (MOM), that is, 
human milk at the breast (i.e., nursing) or 
expressed and fed fresh or after 
refrigeration/freezing 

Infant formula: commercially-prepared infant 
formula meeting FDA7 and/or Codex Alimentarius8 
international food standards  

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

Infant formulas that are not commercially-prepared 
or that do not meet FDA and/or Codex Alimentarius 
international food standards   

                                            
6 In 1980 the Infant Formula Act was passed, and December 2015 was when the literature search occurred 
7 U.S. Food and Drug Administration. Version 19 December 2013. Internet: 
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/InfantFormula/ucm13611
8.htm#manufacture (accessed March 23, 2018). 
8 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
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Category Inclusion Criteria Exclusion Criteria 

Outcomes Intermediate outcomes: 

• Blood lipid levels (TC, LDL-C, HDL-C, 
TC:HDL, LDL:HDL, triglycerides), 
hyperlipidemia 

• Blood pressure (systolic and diastolic), 
hypertension 

• Arterial stiffness, intima-media thickness, 
atherosclerosis 

• Metabolic syndrome 

Endpoint health outcomes: 

• Incidence and prevalence of CVD (e.g., 
coronary artery disease, myocardial 
infarction, stroke, hypertensive heart 
disease, peripheral artery disease, venous 
thrombosis), CVD-related mortality 

 

Study setting Countries listed as Very High or High on the 2014 
Human Development Index9  

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: children (2-12 years), adolescents 
(13-18 years), adults (19 years and older) 

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

Size of study groups Studies with ≥30 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 (≥37 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 

 

  

                                            
9 United Nations Development Programme. Human Development Report 2014. Sustaining Human Progress: 
Reducing Vulnerabilities and Building Resilience. New York, 2014. 
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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/AIDS[ti] OR human immunodefic*[ti] OR Acquired Immunodefic*[ti] OR "low birth 
weight"[ti] OR lbw[ti] OR vlbw[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 
[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 lbw OR vlbw 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 
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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 lbw OR vlbw 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 lbw OR vlbw 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 
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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 never versus ever feeding human 
milk, and several outcomes, including cardiovascular disease 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 never versus ever feeding 
human milk and cardiovascular disease outcomes in offspring included 13 articles.  
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Table 6. 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 
birth to 4-6 months: a longitudinal prospective study based on daily records of feeding.  Acta Paediatr. 2003;92(2):145-51.  

Independent variable 

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 
application to the Raine pregnancy cohort study.  Int J Epidemiol. 2012;41(6):1650-60.  

Independent variable 

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 
infections.  Korean Journal of Parasitology. 2013;51(5):519-524.  

Health status 

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. 
2001;22(4):347-50.  

Study design 

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 
fourth year.  Public Health Nutr. 2012;15(9):1705-14.  

Included for 
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 
Paediatr. 1996;16(3):227-31.  

Study design 

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

Independent variable, 
Dependent variable 

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

Study design 

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

Independent variable 

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

Study design 

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

Independent variable, 
Health status 
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17 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 
infants with atopic dermatitis in the first year of life.  Pediatrics. 2000;106(5):E73.  

Independent variable 

19 Agostoni, C.,Marangoni, F.,Giovannini, M.,Galli, C.,Riva, E. Prolonged breast-feeding (six months or more) and milk fat content at six months are 
associated with higher developmental scores at one year of age within a breast-fed population.  Adv Exp Med Biol. 2001;501:137-41.  

Group size 

20 Agostoni, C.,Marangoni, F.,Lammardo, A. M.,Giovannini, M.,Riva, E.,Galli, C. Breastfeeding duration, milk fat composition and developmental 
indices at 1 year of life among breastfed infants.  Prostaglandins Leukot Essent Fatty Acids. 2001;64(2):105-9.  

Included for 
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.  
J Am Coll Nutr. 1994;13(6):658-64.  

Group size 

22 Agostoni, C.,Trojan, S.,Bellu, R.,Riva, E.,Giovannini, M. Neurodevelopmental quotient of healthy term infants at 4 months and feeding practice: 
the role of long-chain polyunsaturated fatty acids.  Pediatr Res. 1995;38(2):262-6.  

Included for 
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. 
1990;116(5):805-9.  

Group size 

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 
adiposity?.  J Pediatr. 1987;110(5):799-804.  

Independent variable 

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 

27 Ahn, S. K.,Kam, S.,Chun, B. Y. Incidence of and factors for self-reported fragility fractures among middle-aged and elderly women in rural Korea: 
An 11-year follow-up study.  Journal of Preventive Medicine and Public Health. 2014;47(6):289-297.  

Age 

28 Ajetunmobi, O. M.,Whyte, B.,Chalmers, J.,Tappin, D. M.,Wolfson, L.,Fleming, M.,MacDonald, A.,Wood, R.,Stockton, D. L. Breastfeeding is 
associated with reduced childhood hospitalization: evidence from a Scottish Birth Cohort (1997-2009).  J Pediatr. 2015;166(3):620-5 e4.  

Independent variable 

29 Akeson, P. K.,Axelsson, I. E.,Raiha, N. C.,Warm, A.,Minoli, I.,Moro, G. Fat intake and metabolism in Swedish and Italian infants.  Acta Paediatr. 
2000;89(1):28-33.  

Independent variable 

30 Akeson, P. M.,Axelsson, I. E.,Raiha, N. C. Growth and nutrient intake in three- to twelve-month-old infants fed human milk or formulas with 
varying protein concentrations.  J Pediatr Gastroenterol Nutr. 1998;26(1):1-8.  

Study design 

31 Akeson, P. M.,Axelsson, I. E.,Raiha, N. C.. Plasma lipids and apolipoproteins in breastfed and formula-fed Swedish infants.  Acta Paediatr. 
1999;88(1):1-6.  

Dependent variable 
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32 Akkus, Z.,Camdeviren, H.,Celik, F.,Gur, A.,Nas, K. Determination of osteoporosis risk factors using a mutiple logistic regression model in 
postmenopausal Turkish women.  Saudi Medical Journal. 2005;26(9):1351-1359.  

Age 

33 Al Mamun, A.,O'Callaghan, M. J.,Williams, G. M.,Najman, J. M.,Callaway, L.,McIntyre, H. D.. Breastfeeding is protective to diabetes risk in young 
adults: a longitudinal study.  Acta Diabetol. 2015;52(5):837-44.  

Dependent variable 

34 Al-Abbad, A. A.,Bella, H. Diarrhoea in the under-fives in a Saudi semiurban community.  Tropical and Geographical Medicine. 1990;42(3):233-
237.  

Study design 

35 al-Ali, F. M.,Hossain, M. M.,Pugh, R. N. The associations between feeding modes and diarrhoea among urban children in a newly developed 
country.  Public Health. 1997;111(4):239-43.  

Independent variable 

36 Alaluusua, S.,Lukinmaa, P. L.,Koskimies, M.,Pirinen, S.,Holtta, P.,Kallio, M.,Holttinen, T.,Salmenpera, L. Developmental dental defects 
associated with long breast feeding.  Eur J Oral Sci. 1996;104(5-6):493-7.  

Group size 

37 Alaluusua, S.,Myllarniemi, S.,Kallio, M.,Salmenpera, L.,Tainio, V. M. Prevalence of caries and salivary levels of mutans streptococci in 5-year-old 
children in relation to duration of breast feeding.  Scand J Dent Res. 1990;98(3):193-6.  

Included for 
systematic reviews not 
completed 

38 Alam, S.,Ahmad, S. A.,Kumar, S. Dietary regimen for persistent diarrhea in infants under four months.  Indian Pediatr. 2001;38(4):396-400.  Country 

39 Al-Atawi, M. S.,Al-Alwan, I. A.,Al-Mutair, A. N.,Tamim, H. M.,Al-Jurayyan, N. A. Epidemiology of nutritional rickets in children.  Saudi J Kidney Dis 
Transpl. 2009;20(2):260-5.  

Study design 

40 Albert, R. J.,Cantin, R. Y.,Cross, H. G.,Castaldi, C. R. Nursing caries in the Inuit children of the Keewatin.  J Can Dent Assoc. 1988;54(10):751-
8.  

Study design 

41 al-Dashti, A. A.,Williams, S. A.,Curzon, M. E. Breast feeding, bottle feeding and dental caries in Kuwait, a country with low-fluoride levels in the 
water supply.  Community Dent Health. 1995;12(1):42-7.  

Study design 

42 Alderete, T. L.,Autran, C.,Brekke, B. E.,Knight, R.,Bode, L.,Goran, M. I.,Fields, D. A. Associations between human milk oligosaccharides and 
infant body composition in the first 6 mo of life.  Am J Clin Nutr. 2015;102(6):1381-8.  

Independent variable 

43 Alexander, D. A. Breastfeeding study needs to be viewed in context..'Breastfeeding may increase the risk of asthma and allergies' (Specialty 
News Bulletin, December 2002).  RN. 2003;66(4):10-10 1p.  

Study design 

44 Alexander, E. S.,Martin, L. J.,Collins, M. H.,Kottyan, L. C.,Sucharew, H.,He, H.,Mukkada, V. A.,Succop, P. A.,Abonia, J. P.,Foote, H.,Eby, M. 
D.,Grotjan, T. M.,Greenler, A. J.,Dellon, E. S.,Demain, J. G.,Furuta, G. T.,Gurian, L. E.,Harley, J. B.,Hopp, R. J.,Kagalwalla, A.,Kaul, A.,Nadeau, 
K. C.,Noel, R. J.,Putnam, P. E.,von Tiehl, K. F.,Rothenberg, M. E. Twin and family studies reveal strong environmental and weaker genetic cues 
explaining heritability of eosinophilic esophagitis.  J Allergy Clin Immunol. 2014;134(5):1084-1092 e1.  

Study design, 
Dependent variable 

45 Alexy, U.,Kersting, M.,Sichert-Hellert, W.,Manz, F.,Schoch, G. Energy intake and growth of 3- to 36-month-old German infants and children.  Ann 
Nutr Metab. 1998;42(2):68-74.  

Study design 

46 Al-Farsi, Y. M.,Al-Sharbati, M. M.,Waly, M. I.,Al-Farsi, O. A.,Al-Shafaee, M. A.,Al-Khaduri, M. M.,Trivedi, M. S.,Deth, R. C. Effect of suboptimal 
breast-feeding on occurrence of autism: a case-control study.  Nutrition. 2012;28(7-8):e27-32.  

Study design 
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47 Alho, O. P.,Koivu, M.,Sorri, M.,Rantakallio, P. Risk factors for recurrent acute otitis media and respiratory infection in infancy.  Int J Pediatr 
Otorhinolaryngol. 1990;19(2):151-61.  

Included for 
systematic reviews not 
completed 

48 Alho, O. P.,Laara, E.,Oja, H. Public health impact of various risk factors for acute otitis media in northern Finland.  Am J Epidemiol. 
1996;143(11):1149-56.  

Included for 
systematic reviews not 
completed 

49 Alho, O. P.,Laara,Oja, H. How should relative risk estimates for acute otitis media in children aged less than 2 years be perceived?.  J Clin 
Epidemiol. 1996;49(1):9-14.  

Independent variable 

50 Ali, M. B.,Ghenghesh, K. S.,Aissa, R. B.,Abuhelfaia, A.,Dufani, M. Etiology of childhood diarrhea in Zliten, Libya.  Saudi Med J. 
2005;26(11):1759-65.  

Study design, Health 
status 

51 Al-Jassir, M. S.,El-Bashir, B. M.,Moizuddin, S. K. Surveillance of infant feeding practices in Riyadh city.  Ann Saudi Med. 2004;24(2):136-40.  Study design, 
Dependent variable 

52 Allen, J.,Hector, D. Benefits of breastfeeding.  New South Wales public health bulletin. 2005;16(3-4):42-46.  Study design 

53 Allen, N. B.,Lewinsohn, P. M.,Seeley, J. R. Prenatal and perinatal influences on risk for psychopathology in childhood and adolescence.  Dev 
Psychopathol. 1998;10(3):513-29.  

Study design 

54 Allergy in your baby.  Aust Fam Physician. 1986;15(2):176, 178.  Study design 

55 Alliet, P.,Scholtens, P.,Raes, M.,Hensen, K.,Jongen, H.,Rummens, J. L.,Boehm, G.,Vandenplas, Y. Effect of prebiotic galacto-oligosaccharide, 
long-chain fructo-oligosaccharide infant formula on serum cholesterol and triacylglycerol levels.  Nutrition. 2007;23(10):719-23.  

Group size 

56 Alm, B.,Aberg, N.,Erdes, L.,Mollborg, P.,Pettersson, R.,Norvenius, S. G.,Goksor, E.,Wennergren, G. Early introduction of fish decreases the risk 
of eczema in infants.  Arch Dis Child. 2009;94(1):11-5.  

Independent variable 

57 Alm, B.,Erdes, L.,Mollborg, P.,Pettersson, R.,Norvenius, S. G.,Aberg, N.,Wennergren, G. Neonatal antibiotic treatment is a risk factor for early 
wheezing.  Pediatrics. 2008;121(4):697-702.  

Dependent variable 

58 Alm, B.,Norvenius, S. G.,Wennergren, G.,Lagercrantz, H.,Helweg-Larsen, K.,Irgens, L. M. Living conditions in early infancy in Denmark, Norway 
and Sweden 1992-95: results from the Nordic Epidemiological SIDS study.  Acta Paediatr. 2000;89(2):208-14.  

Study design 

59 Alm, B.,Wennergren, G.,Norvenius, S. G.,Skjaerven, R.,Lagercrantz, H.,Helweg-Larsen, K.,Irgens, L. M. Breast feeding and the sudden infant 
death syndrome in Scandinavia, 1992-95.  Arch Dis Child. 2002;86(6):400-2.  

Included for 
systematic reviews not 
completed 

60 Almeida, R. M.,De Marins, V. M.,Valle, J. Breastfeeding, socio-economic conditions and nutritional status of children younger than 12 months in 
Brazil.  Ann Trop Paediatr. 1999;19(3):257-62.  

Study design 

61 Almquist-Tangen, G.,Dahlgren, J.,Roswall, J.,Bergman, S.,Alm, B. Milk cereal drink increases BMI risk at 12 and 18 months, but formula does 
not.  Acta Paediatr. 2013;102(12):1174-9.  

Independent variable 
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62 Al-Mustafa, Z. H.,Al-Madan, M.,Al-Majid, H. J.,Al-Muslem, S.,Al-Ateeq, S.,Al-Ali, A. K. Vitamin D deficiency and rickets in the Eastern Province of 
Saudi Arabia.  Ann Trop Paediatr. 2007;27(1):63-7.  

Included for 
systematic reviews not 
completed 

63 Alper, C. M.,Winther, B.,Hendley, J. O.,Doyle, W. J. Cytokine polymorphisms predict the frequency of otitis media as a complication of rhinovirus 
and RSV infections in children.  Eur Arch Otorhinolaryngol. 2009;266(2):199-205.  

Included for 
systematic reviews not 
completed 

64 Alper, C. M.,Winther, B.,Mandel, E. M.,Hendley, J. O.,Doyle, W. J. Rate of concurrent otitis media in upper respiratory tract infections with 
specific viruses.  Arch Otolaryngol Head Neck Surg. 2009;135(1):17-21.  

Study design 

65 Al-Qaoud, N.,Prakash, P. Breastfeeding and obesity among Kuwaiti preschool children.  Medical Principles and Practice. 2009;18(2):111-117.  Study design 

66 Al-Qaoud, N.,Prakash, P. 'Can breastfeeding and its duration determine the overweight status of Kuwaiti children at the age of 3-6 years?'.  Eur J 
Clin Nutr. 2009;63(8):1041-3.  

Study design 

67 Al-Shehri, M. A.,Sadeq, A.,Quli, K. Bronchiolitis in Abha, Southwest Saudi Arabia: viral etiology and predictors for hospital admission.  West Afr J 
Med. 2005;24(4):299-304.  

Health status 

68 Al-Shehri, S. S.,Knox, C. L.,Liley, H. G.,Cowley, D. M.,Wright, J. R.,Henman, M. G.,Hewavitharana, A. K.,Charles, B. G.,Shaw, P. N.,Sweeney, 
E. L.,Duley, J. A. Breastmilk-Saliva Interactions Boost Innate Immunity by Regulating the Oral Microbiome in Early Infancy.  PLoS One. 
2015;10(9):e0135047.  

Independent variable, 
Dependent variable 

69 Althaus BW. Growth patterns of Hispanic and Caucasian children: Texas Woman's University; 1999.  Study design 

70 Altinkaynak, S.,Selimoglu, M. A.,Turgut, A.,Kilicaslan, B.,Ertekin, V. Breast-feeding duration and childhood acute leukemia and lymphomas in a 
sample of Turkish children.  Journal of Pediatric Gastroenterology and Nutrition. 2006;42(5):568-572.  

Independent variable 

71 Altucher, K.,Rasmussen, K. M.,Barden, E. M.,Habicht, J. P. Predictors of improvement in hemoglobin concentration among toddlers enrolled in 
the Massachusetts WIC Program.  J Am Diet Assoc. 2005;105(5):709-15.  

Study design 

72 Alvarado, B. E.,Zunzunegui, M. V.,Delisle, H.,Osorno, J. Growth trajectories are influenced by breast-feeding and infant health in an afro-
colombian community.  J Nutr. 2005;135(9):2171-8.  

Independent variable 

73 Alvarado, R.,Zepeda, A.,Rivero, S.,Rico, N.,Lopez, S.,Diaz, S. Integrated maternal and infant health care in the postpartum period in a poor 
neighborhood in Santiago, Chile.  Stud Fam Plann. 1999;30(2):133-41.  

Included for 
systematic reviews not 
completed 

74 Alves, J. G.,Figueira, F.,Nacul, L. C. Hospital induced malnutrition in infants: prevention by relactation.  Indian Pediatr. 1999;36(5):484-7.  Health status 

75 Amador, M.,Hermelo, M. P.,Canetti, J. E.,Consuegra, E. Adolescent mothers: do they breast-feed less?.  Acta Paediatr Hung. 1992;32(3):269-
85.  

Study design 
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