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ABSTRACT
Background: During the Pregnancy and Birth to 24 Months
Project, the US Departments of Agriculture and Health and Human
Services initiated a review of evidence on diet and health in these
populations.
Objectives: The aim of these systematic reviews was to examine
the relation of 1) never versus ever feeding human milk, 2) shorter
versus longer durations of any human milk feeding, 3) shorter versus
longer durations of exclusive human milk feeding, and 4) lower
versus higher intensities of human milk fed to mixed-fed infants with
intermediate and endpoint cardiovascular disease (CVD) outcomes
in offspring.
Methods: The Nutrition Evidence Systematic Review team con-
ducted systematic reviews with external experts. We searched
CINAHL, Cochrane, Embase, and PubMed for articles published
January 1980–March 2016, dual-screened the results using pre-
determined criteria, extracted data from and assessed the risk of
bias for each included study, qualitatively synthesized the evidence,
developed conclusion statements, and graded the strength of the
evidence.
Results: The 4 systematic reviews included 13, 24, 6, and 0 articles,
respectively. The evidence was insufficient to draw conclusions about
endpoint CVD outcomes across all 4 systematic reviews. Limited
evidence suggests that never versus ever being fed human milk
is associated with higher blood pressure within a normal range at
6–7 y of age. Moderate evidence suggests there is no association
between the duration of any human milk feeding and childhood
blood pressure. Limited evidence suggests there is no association
between the duration of exclusive human milk feeding and blood
pressure or metabolic syndrome in childhood. Additional evidence
about intermediate outcomes for the 4 systematic reviews was scant
or inconclusive.
Conclusions: There is insufficient evidence to draw conclusions
about the relationships between infant milk-feeding practices
and endpoint CVD outcomes; however, some evidence suggests that
feeding less or no human milk is not associated with childhood
hypertension. Am J Clin Nutr 2019;109(Suppl):800S–816S.

Keywords: breastfeeding, human milk, infant nutrition, system-
atic review, cardiovascular disease, cholesterol, blood pressure,
metabolic syndrome, hypertension

Introduction
The Pregnancy and Birth to 24 Months Project was an

initiative of the US Departments of Agriculture and Health and
Human Services (1–3). During the Project, the US Department
of Agriculture Nutrition Evidence Systematic Review (NESR)
team (previously the Nutrition Evidence Library, or NEL)
collaborated with external experts to complete a series of de novo
systematic reviews (SRs) of primary evidence that examined food
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Systematic review questions:
1. What is the relation between never vs ever feeding human milk and cardiovascular disease outcomes in offspring?
2. What is the relation between shorter vs longer durations of any human milk feeding and cardiovascular disease outcomes in offspring?
3. What is the relation between shorter vs longer durations of exclusive human milk feeding and cardiovascular disease outcomes in offspring?
4. What is the relation between feeding a lower vs higher intensity/proportion/amount of human milk to mixed-fed infants and cardiovascular disease 

outcomes in offspring?

Exposures
1. Never feeding human milk 
2. Duration of any human milk feeding among infants fed human milk
3. Duration of exclusive human milk feeding
4. Intensity/proportion/amount of human milk fed to mixed-fed infants 

(i.e., both at a given point in time and over a period of time)
Comparators
1. Ever feeding human milk (i.e., any amount of human milk feeding)
2. Longer durations of any human milk feeding
3. Longer durations of exclusive human milk
4. Higher intensity/proportion/amount of human milk fed to mixed-fed 

infants

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

Target Population
Childhood  through adulthood

Critical Confounders
• Race/ethnicity
• SES (e.g., WIC, education/income) 
• Parental health (e.g., BMI, family history of diseases)

Key Definitions
• Human milk feeding: feeding human milk alone or in combination 

with infant formula and/or complementary foods or beverages such 
as cow’s milk

• Human milk: mother’s own milk provided at the breast (i.e., 
nursing) or expressed and fed fresh or after refrigeration/freezing. 
Donor milk (e.g., banked milk) is not examined in this review.

• Exclusive human milk feeding: feeding human milk alone and not in 
combination with infant formula and/or complementary foods or 
beverages such as cow’s milk; inclusive of WHO 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 fluids1

• Infant formula: commercially-prepared infant formula meeting FDA 
and/or Codex Alimentarius international food standards

• Mixed feeding: feeding human milk and infant formula but not 
complementary foods or beverages such as cow’s milk

• Complementary foods and beverages: foods and beverages other 
than human milk or infant formula (liquids, semisolids, and solids) 
provided to an infant or young child to provide nutrients and energy

FIGURE 1 The analytic framework for the SRs conducted to examine the relation of infant milk-feeding practices with CVD outcomes in offspring. This
framework illustrates the overall scope of the project, including the population, exposures and comparators, and outcomes of interest. It also includes definitions
for key terms and identifies key confounders considered in the SR. CVD, cardiovascular disease; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; SES,
socioeconomic status; SR, systematic review; TC, total cholesterol; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

and nutrition topics relevant to women during pregnancy and
offspring during the first 2 y of life.

The SRs in this article examine the relationships between
infant milk-feeding practices and cardiovascular disease (CVD)
outcomes in offspring. According to the CDC, heart disease is
the leading cause of death for both men and women, and for
people of most racial and ethnic groups in the United States (4).
Although CVD typically manifests in adulthood, cardiovascular
risk may begin much earlier and can be evaluated by examining
intermediate outcomes such as blood lipids and blood pressure in
children and adolescents (5).

The purpose of this article is to summarize the results of 4 SRs
conducted to answer the following questions:

• What is the relationship between never versus ever feeding
human milk and CVD outcomes in offspring?

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

• What is the relationship between shorter versus longer
durations of exclusive human milk feeding and CVD
outcomes in offspring?

• What is the relationship between feeding a lower versus
higher intensity, proportion, or amount of human milk to
mixed-fed infants and CVD outcomes in offspring?

Methods
NESR analysts and librarians, who were trained in SR

methodology and had advanced degrees in fields such as nutrition
and library science, collaborated with a group of subject matter
experts, called a Technical Expert Collaborative (TEC), to
complete SRs using methods that are described in detail in this
supplement (6). TEC members provided individual input on SR
materials developed by the NESR staff, but did not provide formal
group advice or recommendations to the government.

Scope of the SR

TEC members specified the target population, exposures and
comparators, intermediate and endpoint health outcomes, critical
confounding variables, and key definitions for these SRs using
the analytic framework shown in Figure 1. In the SRs, infant
milk-feeding practices referred to the feeding of human milk,
infant formula, or a combination of both. TEC members chose
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to use the term human milk feeding instead of breastfeeding
for precision. Breastfeeding may be understood to mean feeding
human milk at the breast when, in fact, feeding method was rarely
distinguished by the authors of studies included in the SRs. TEC
members intended to examine the feeding of human milk whether
or not it was fed at the breast.

For the comparison of never with ever feeding human milk,
TEC members did not define any minimum amount for ever
feeding human milk. Likewise, for the comparisons of shorter
with longer durations of any and exclusive human milk feeding,
TEC members did not define thresholds for shorter duration or
longer duration. They examined all comparisons of never with
ever feeding human milk (or vice versa) and of shorter with longer
durations (or vice versa) as defined by the authors of the studies
included in the SRs.

TEC members specified both intermediate and endpoint
outcomes for CVD, collectively referred to in this article as CVD
outcomes. Outcomes from birth to 24 mo were not examined
because of uncertainty regarding whether and how they relate to
subsequent cardiovascular risk.

Literature search, screening, and selection

The librarians developed a literature search strategy that used
exposure terminology but not outcome terminology (available
at https://nesr.usda.gov) so that 1 search could be used to identify
literature in support of SRs examining infant milk-feeding
practices with several different outcomes (3). The librarians
conducted a broad search in CINAHL, Cochrane, Embase, and
PubMed using a search date range of January 1980–March 2016.
The search excluded articles published before 1980 because the
US Congress passed the Infant Formula Act in 1980, which
established nutrient requirements for commercial infant formulas
in the United States, and thus health effects associated with
formula consumption before 1980 might be different (7).

TEC members defined inclusion and exclusion criteria a priori
(Table 1), which NESR analysts used to dual-screen the search
results and the results of a manual search of the references of
included articles and existing SRs. TEC members reviewed the
search terms and list of included articles to ensure completeness
of the body of evidence.

Data extraction and risk of bias assessment

NESR analysts assembled a table of systematically extracted
data from each article included in the SRs (i.e., study character-
istics, sample characteristics, exposures and outcomes, risks of
bias, and funding sources). Two NESR analysts independently
completed the NEL Bias Assessment Tool for each article to
identify the risks of bias [(6), https://nesr.usda.gov].

Evidence synthesis, conclusion statement development, and
grading the strength of the evidence

NESR analysts and TEC members engaged in a series of
conference calls to review, discuss, and synthesize the evidence
by age group. TEC members examined both significant and
nonsignificant associations (e.g., ORs and CIs) for a thorough
synthesis of the evidence. To answer the SR questions, conclusion
statements were carefully constructed to accurately reflect the

synthesis of evidence. Conclusion statements do not draw impli-
cations, nor should they be interpreted to be dietary guidance. The
strength of the evidence underlying each conclusion statement
was graded strong, moderate, limited, or grade not assignable
using the NESR grading rubric [(6), https://nesr.usda.gov],
which takes into consideration the internal validity, consistency,
adequacy, impact, and generalizability of the evidence. Finally,
TEC members identified research recommendations.

Results
The literature search yielded 31,335 articles and the bodies

of evidence for the 4 SRs on infant milk-feeding practices and
CVD outcomes in offspring comprise 35 articles. A table of
articles excluded during full-text screening, with the rationale for
exclusion, is available at https://nesr.usda.gov.

None of the included articles examined lower versus higher
intensities, proportions, or amounts of human milk fed to mixed-
fed infants. Herein, we present evidence for the remaining 3 SRs:

• What is the relationship between never versus ever feeding
human milk and CVD outcomes in offspring?

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

• What is the relationship between shorter versus longer
durations of exclusive human milk feeding and CVD
outcomes in offspring?

Never versus ever feeding human milk and CVD outcomes
in offspring

Thirteen articles met the inclusion criteria for this SR
question (8–20). None examined endpoint CVD outcomes. In
addition, evidence about metabolic syndrome (20) and arterial
stiffness (12, 19) throughout the lifespan, and about blood
pressure (14) and blood lipids (18) beyond childhood was
scant. Additional information about these topics is available at
https://nesr.usda.gov. Evidence about childhood blood pressure
and blood lipids is presented below.

Blood pressure in childhood.

Six articles examined childhood blood pressure (Table 2) (8–
13). There were 2 nonrandomized controlled trials (10, 13) and 3
independent prospective cohort studies (8, 9, 11, 12) because de
Jonge et al. (11, 12) presented evidence from the Generation R
Study across 2 articles. The prospective cohort studies collected
infant-feeding data by parent report via questionnaire. Both
experimental studies randomized formula-fed infants to groups
fed an experimental formula (which was not examined in this
SR) or a standard infant formula, and included a comparison of
the standard infant formula group with a nonrandomized group
of infants fed human milk. The studies measured blood pressure
using a sphygmomanometer (9) or automatic device (8, 10–
13). Some studies specified that measurements were taken when
children were seated (10, 11, 13) or supine (12), and de Jong et
al. (13) specified that children had a resting period prior to having
their blood pressure measured.

http://www.NEL.gov
https://nesr.usda.gov
http://www.NEL.gov
https://nesr.usda.gov
http://www.NEL.gov
https://nesr.usda.gov
http://www.NEL.gov
https://nesr.usda.gov
http://www.NEL.gov
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TABLE 1 Inclusion and exclusion criteria established for the selection of studies to include in SRs on infant milk-feeding practices and CVD outcomes in
offspring1

Category Inclusion criteria Exclusion criteria

Study design Randomized controlled trials
Nonrandomized 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 to December 20152 Published prior to 1980
Source of foods,

beverages, or nutrients
Human milk: mother’s own milk (MOM), i.e., human milk fed

at the breast or expressed and fed fresh or after
refrigeration/freezing

Infant formula: commercially prepared infant formula meeting
FDA (21) or Codex Alimentarius (22) 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 (21) or Codex Alimentarius (22) food
standards

Study setting Countries listed as Very High or High on the 2014 Human
Development Index3 (23)

Countries listed as Medium or Low on the 2014 Human
Development Index (23)

Study participants Human participants
Males
Females

Nonhuman participants (e.g., animal studies, in vitro studies)
Hospitalized patients, not including birth and immediate

postpartum hospitalization of healthy babies
Age of study participants Exposure age: infants (0–12 mo), toddlers (12–24 mo)

Outcome age: children (2–12 y), adolescents (13–18 y) adults
(≥19 y)

Outcome age: infants (0–12 mo) and toddlers (12–24 mo)

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 wk 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 postpartum hospitalization of healthy babies) or
malnourished participants

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

1CVD, cardiovascular disease SR, systematic review.
2In 1980 the Infant Formula Act was passed and December 2015 was when the literature search occurred.
3When a country was not included in the Human Development Index ranking, country classification from the World Bank was used instead.

Three of the 5 studies reported statistically significant
associations that were consistent in showing that never being
fed human milk is associated with higher blood pressure at 6–
7 y of age (8–10). Specifically, Martin et al. (8) found that
7 y olds who were ever fed human milk had significantly lower
mean systolic blood pressure (SBP) and diastolic blood pressure
(DBP) than 7 y olds who were never fed human milk. Additional
analyses divided the group ever fed human milk by duration and
exclusivity. In comparison with children who were never fed
human milk, children who were fed human milk for <2 mo or
fed human milk exclusively for <2 mo had significantly lower
mean SBP and DBP, and children fed human milk exclusively
for ≥2 mo had significantly lower SBP and a lower DBP that
was nonsignificant. Forsyth et al. (10) found a significantly lower
mean DBP in 6 y olds who were ever fed human milk (i.e., from
a nonrandomized human milk-feeding group) than in 6 y olds
who were never fed human milk (i.e., from a group randomized
to be fed standard infant formula). The corresponding analysis
for SBP was not significant. Finally, Wilson et al. (9) reported that
7 y olds who were never fed human milk had higher SBP and DBP
than 7 y 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 SBP and DBP values of all the groups were
below screening cutoffs for hypertension (i.e., SBP <105–106
mm Hg and DBP <66–68 mm Hg, 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%) (24). The associations from 2 additional studies that
measured outcomes at 2, 6, and 9 y of age were not statistically
significant (11–13).

Blood lipids in childhood.

Two prospective cohort studies (16, 17) and 1 retrospective
cohort study (15) examined blood lipids in children (Table 3).
The evidence was inconclusive. Across the 3 studies, the
associations of never versus ever feeding human milk with
HDL cholesterol, the ratio of total to HDL cholesterol, LDL
cholesterol, and triglycerides were nonsignificant and inconsis-
tent in direction, as were all but 1 of the associations with total
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cholesterol. The only statistically significant association, reported
by Plancoulaine et al. (15), found that 5- to 11-y-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 nonsignificant. The other
studies in childhood did not examine outcomes by sex, so there
were no comparable analyses that would allow TEC members to
examine whether this association is typical among boys.

Shorter versus longer durations of any human milk feeding
and CVD outcomes in offspring

Twenty-four articles met the inclusion criteria for this SR
question (9, 11, 12, 16, 25–44). Two articles with evidence
from a single retrospective cohort study examined endpoint CVD
outcomes, with the endpoint being CVD-related mortality in
both articles (34, 44). Evidence about blood pressure beyond
childhood (30–33), blood lipids in adolescence (39), and
arterial stiffness throughout the lifespan (12, 32, 43) was scant.
Additional information about these topics is available at https://ne
sr.usda.gov. Evidence about blood pressure in childhood, blood
lipids in childhood and adulthood, and metabolic syndrome is
presented below.

Blood pressure in childhood.

Kramer et al. (25) and Martin et al. (26) provided compelling
evidence from the Promotion of Breastfeeding Intervention Trial
(PROBIT) that there is no significant relationship between the
duration of any human milk feeding and childhood blood pressure
(Table 4). In this cluster randomized controlled trial of an
intervention to promote prolonged duration and exclusivity of
human milk feeding among mothers who chose to feed human
milk, the intervention group had higher rates of human milk
feeding than the control group measured at 3, 6, 9, and 12 mo. The
primary, intention-to-treat analysis did not find significant mean
differences between the intervention and control groups in SBP
or DBP, which were measured in duplicate by study pediatricians
using an oscillometric device at 6.5 (25) and 11.5 y of age (26).
Prospective cohort analyses of PROBIT study data that were
intended to compare extremes of duration found that children fed
human milk exclusively for ≥6 mo followed by continued human
milk feeding until ≥12 mo had significantly higher SBP at 6.5 y
of age than children weaned at ≤1 mo (25). However, there were
no significant mean differences in SBP or DPB at 11.5 y of age
between children fed human milk 3–<6 mo or ≥6 compared with
<3 mo and no significant trend across the 3 categories of duration
(<3, 3–<6, and ≥6 mo) (26).

Six independent prospective cohort studies examined blood
pressure in children across 8 articles (9, 11, 12, 16, 27–29, 33) [de
Jonge et al. (11, 12) and Gishti et al. (16) presented evidence from
the Generation R Study across 3 articles]. Data about the duration
of any human milk feeding were collected by parent report via
questionnaires and assessed as a continuous variable (9, 29, 33) or
as a categoric variable, allowing the comparison of heterogeneous
ranges of duration (11, 12, 27, 28) or the trend across multiple
categories of duration (16). Blood pressure was measured by
sphygmomanometer or digital oscillometric device. Amorim et
al. (27) and the Generation R Study authors (11, 12, 16) specified

that measurements were taken more than once, and Ulbak et al.
(29), Hosaka et al. (28), and de Jonge et al. (11) specified that
children were seated when measurements were obtained.

The prospective cohort studies did not suggest any discernible
relationship between the duration of any human milk feeding
and blood pressure in childhood. Specifically, Amorim et al. (27)
reported a significant association between being fed human milk
<40 d compared with ≥40 d and higher SBP at 8 y of age in a
sample in which a large proportion (43.5%) of participants had
low birth weight; however, the corresponding analysis for DBP
was not significant. The Generation R Study examined blood
pressure at 2 y of age (11) and 6 y of age (12, 16). At 2 y of
age, de Jonge et al (11) reported that children fed human milk
for 2–4 and 4–6 mo had significantly lower DBP than those fed
human milk ≥6 mo; however, the corresponding analyses for
SBP were not statistically significant. In addition, there were no
significant associations between being fed human milk at 0–2
mo compared with ≥6 mo and SBP or DBP at 2 y of age. At
6 y of age, de Jonge et al. (12) found no significant associations
between <2 compared with ≥6 mo of human milk feeding and
SBP or DBP, and Gishti et al. (16) found no significant trend
across the categoric variables 0–1.9, 2–3.9, 4–5.9, and ≥6 mo
of human milk feeding. Hosaka et al. (28) reported a significant
association between a longer compared with a shorter duration
of any human milk feeding (around the median of 8 mo when
human milk was reported as a major source of nutrition) and
lower SBP and DBP at 7 y of age measured by participants’
families at home; however, the corresponding analyses for SBP
and DBP measured by study staff lacked statistical significance.
Taittonen et al. (33) found no significant association between the
duration of human milk feeding and SBP or DBP in male or
female participants who were children through young adults at
the time of the outcome measure (i.e., 9–24 y of age). Ulbak et al.
(29) reported no significant associations between the duration of
any human milk feeding and SBP or DBP at 2.5 y of age. Wilson
et al. (9) found a significant association between the duration of
any human milk feeding, assessed as a continuous variable, and
lower SBP at 7 y of age; however, the corresponding association
with DBP was not statistically significant.

Blood lipids in childhood and adulthood.

Five prospective cohort studies examined blood lipids in
children (16, 35–38), and 1 retrospective and 3 prospective cohort
studies presented outcomes in adults (32, 34, 40, 41) (Table 5).
Evidence across both age groups was inconclusive. Three of the
5 childhood studies reported statistically significant associations
between the duration of any human milk feeding and HDL
cholesterol that were inconsistent in direction (16, 37, 38), and
almost all of the associations between the duration of human milk
feeding and total cholesterol, LDL cholesterol, and triglycerides
were nonsignificant and inconsistent in direction. In adulthood,
there were nonsignificant associations between the duration of
any human milk feeding and blood lipid levels at 32 (32), 50
(41), and 62 y of age (40). The remaining study, by Fall et
al. (34), found significant associations between being weaned
compared with not weaned at 1 y of age and lower fasting
total cholesterol, nonfasting total cholesterol, LDL cholesterol,
and the ratio of LDL to HDL at 59–70 y of age; however, the
corresponding analyses for HDL cholesterol and triglycerides

http://www.NEL.gov
https://nesr.usda.gov
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were not statistically significant. The evidence presented by Fall
et al. (34) may not be generalizable because the authors examined
outcomes only in the male subsample of the cohort. In addition,
the evidence is prone to survivorship bias because the analyses
were completed among the subset of the original cohort that was
still living; some members of the cohort were deceased due to
ischemic heart disease and other causes.

Metabolic syndrome.

Two studies presented conflicting evidence about metabolic
syndrome in children (26, 42) (Table 6). Martin et al. (26)
presented evidence from the PROBIT study (described previ-
ously). The intention-to-treat analysis did not find a significant
association between intervention group membership and odds of
metabolic syndrome at 11.5 y of age. Prospective cohort analyses
of PROBIT study data also found no significant associations
between being fed human milk 3–<6 mo or ≥6 mo compared
with <3 mo and metabolic syndrome and no significant trend
across the 3 categories of duration (<3, 3–<6, and ≥6 mo).
On the other hand, Huang et al. (42) found that being fed
human milk ≥4 mo compared with <4 mo was associated
with a significantly lower odds of metabolic syndrome at 8 y
of age. The inconsistency in the findings from these studies
may have resulted from heterogeneous study designs, outcome
assessment methods, or ages at outcome measure. Martin et al.
(26) reported experimental evidence from a cluster randomized
controlled trial, whereas Huang et al. (42) reported observational
evidence from a prospective cohort study that is more prone
to residual confounding. Martin et al. (26) assessed metabolic
syndrome at 11.5 y of age using recommendations from the
European Group for the Study of Insulin Resistance (45), whereas
Huang et al. (42) defined metabolic syndrome at 8 y of age
as membership in the high-risk cluster resulting from a cluster
analysis (algorithms maximized between-group variation and
minimized within-group variation so that members of the high-
risk cluster had higher BMI, SBP, serum triglyceride, and glucose
than nonmembers).

Only 1 study provided evidence in adults. Pirila et al.
(32) found no association between the duration of any human
milk feeding, reported prospectively by parents, and metabolic
syndrome at 32 y of age, assessed using the National Cholesterol
Education Program’s Adult Treatment Panel III criteria (46, 47).

Shorter versus longer durations of exclusive human milk
feeding and CVD outcomes in offspring

Six articles met the inclusion criteria for this SR (25, 26, 35,
41, 48, 49). None examined endpoint CVD outcomes. In addition,
none examined blood pressure or metabolic syndrome beyond
childhood, and evidence about blood lipids was scant (35, 41).
Additional information about these topics is available at https:
//nesr.usda.gov. Evidence about blood pressure and metabolic
syndrome in childhood is presented below.

Blood pressure in childhood.

The PROBIT study (25, 26, 48) and a prospective cohort study
by Vitolo et al. (49) examined the duration of exclusive human

milk feeding and blood pressure in childhood (Table 7). As de-
scribed previously, the intention-to-treat analyses of the PROBIT
study did not find significant mean differences in SBP or DBP at
6.5 or 11.5 y of age between the intervention group (which had
higher rates of exclusive human milk feeding measured at 3 and
6 mo) and the control group (25, 26). Prospective cohort analyses
of PROBIT study data also found no significant mean differences
in SBP or DBP at 11.5 y of age between children fed human
milk exclusively for 3-<6 mo or ≥6 mo in comparison with
children fed human milk <3 mo; however, the trend across the
3 categories of duration (<3, 3–<6, and ≥6 mo) was significant
and associated with higher DBP at 11.5 y of age (26). Another
prospective cohort analysis compared children fed human milk
exclusively for 3 mo followed by partial human milk feeding to
≥6 mo with those who were fed human milk exclusively ≥6 mo
and did not find significant associations with SBP or DBP at 6.5 y
of age (48). Evidence from a prospective cohort study by Vitolo
et al. (49) was consistent with the evidence from the intention-
to-treat analyses of the PROBIT study. Infant-feeding data were
collected prospectively by interview with mothers, and blood
pressure was measured with a sphygmomanometer. The outcome,
high SBP at 3–4 y of age, was defined as >90th percentile for
age, sex, and height using the 2004 standard from the Task Force
on Hypertension Control in Children and Adolescents (50). This
study did not find a significant association between being fed
human milk exclusively ≥4 mo compared with <4 mo and risk
of high SBP at 3–4 y of age (49).

Metabolic syndrome in childhood.

As previously described, the intention-to-treat analysis of the
PROBIT study found no relationship between intervention group
membership and odds of metabolic syndrome at 11.5 y of age
(26). Prospective cohort analyses of PROBIT study data, which
compared 3–<6 mo and ≥6 mo of exclusive human milk feeding
with <3 mo and evaluated the trend across the 3 categories
of duration (<3, 3–<6, and ≥6 mo), also found no significant
associations with metabolic syndrome at 11.5 y of age (Table 8).

Discussion
The conclusion statements that answer the 4 SR questions, and

the grades of the evidence underlying the conclusion statements,
are listed in Table 9. Two major themes emerged. First, minimal
evidence examined how infant milk-feeding practices relate to
endpoint CVD outcomes. Second, the evidence was relatively
consistent across 3 exposures in suggesting that infant milk-
feeding practices do not relate to hypertension in childhood; TEC
members concluded that there was evidence of no relationship
between the durations of any or exclusive human milk feeding
and childhood blood pressure and that, although never versus ever
being fed human milk was associated with higher blood pressure
at 6–7 y of age, blood pressure remained within a normal range
(24). TEC members used the NESR grading rubric to consider
the aspects of the consistency, adequacy, impact, generalizability,
and internal validity of the evidence underlying their conclusion
statements described below.

Experimental evidence from the PROBIT study, which formed
the basis for the conclusion statements about the durations of

http://www.NEL.gov
https://nesr.usda.gov
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TABLE 6 Evidence examining the relationship between shorter versus longer durations of any human milk feeding and metabolic syndrome1

Author and year
(ref.)

Study design
(study/cohort
name where
applicable) Country

Notable sample
characteristics

Shorter vs longer
durations of any
human milk feeding
exposures2

Significant
associations with
metabolic syndrome

Nonsignificant
associations with
metabolic syndrome

Huang 2007 (42) Prospective cohort
(Raine Cohort)

Australia n = 406
Baseline: birth
Race/ethnicity NR
Sex NR

BF ≥4 mo vs BF <4 mo Metabolic syndrome at
8 y: OR 0.6 (95%
CI: 0.37, 0.97)

None

Martin 2014 (26) RCT3 or
prospective
cohort,
depending on
the analysis
(PROBIT)

Belarus n = 13,616
Baseline: birth
Race/ethnicity NR

Intervention group
(higher rates of any
BF measured at 3, 6,
9, and 12 mo) vs
control group

None Metabolic syndrome at
11.5 y: OR 1.16
(95% CI: 0.81, 1.66)

BF 3-<6 mo vs BF <3
mo

None Metabolic syndrome at
11.5 y: OR 1.07
(95% CI: 0.82, 1.39)

BF ≥6 mo vs BF <3 mo None Metabolic syndrome at
11.5 y: OR 1.15
(95% CI: 0.91, 1.46)

BF duration trend using
the categories <3,
3–<6, and ≥6 mo

None Metabolic syndrome at
11.5 y: P = 0.24

Pirila 2014 (32) Prospective cohort Finland n = 158
Baseline: birth
Race/ethnicity NR

BF duration (mo) None Metabolic syndrome at
∼32 y: OR 0.95
(95% CI: 0.8, 1.1)

1BF, breastfed; NR, not reported; PROBIT, Promotion of Breastfeeding Intervention Trial; RCT, randomized controlled trial; ref., reference.
2Exposures, as defined by the authors of the studies included in the body of evidence, which address shorter versus longer durations of any human milk

feeding or vice versa.
3RCT of an intervention to promote prolonged duration and exclusivity of breastfeeding.

any and exclusive human milk feeding, was likely to have
good internal validity. Randomization mitigates selection bias
and confounding. 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 showed close agreement with data obtained by
maternal interview. Although attrition rose as the follow-up
period increased, it was not high (18.5% after 6.5 y of follow-
up and 20.1% after 11.5 y). On the other hand, the evidence
that examined never versus ever being fed human milk and
childhood blood pressure may have lower internal validity (the
PROBIT study was not part of this body of evidence because
it was a trial of an intervention to promote prolonged duration
and exclusivity of human milk feeding among mothers who
chose to feed human milk). Forsyth et al. (10) did not control
for confounding variables. The remaining studies did control
for confounding variables that TEC members identified as
being critical confounders for these SRs, including measures
of socioeconomic status such as maternal education (8, 11–13)
and family household income (11); race and ethnicity (12); and
measures of parental health including prepregnancy BMI (8,
11, 12), family history of hypertension (8, 11), and maternal
blood pressure (9). 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 differential with respect to variables such as socioeconomic
variables (8, 9, 12) and birth weight (8, 10, 12).

The adequacy of the evidence underlying the conclusion
statements had limitations with regard to the number and
independence of the identified articles. Evidence examining the
relationship between never versus ever feeding human milk
and childhood blood pressure came from only 5 independent
studies, and the primary evidence related to the duration of any
and exclusive human milk feeding came from a single study
(PROBIT) with supporting evidence from a small number of
additional studies.

The consistency of the evidence underlying the conclusion
statements varied. The evidence examining never versus ever
feeding human milk and childhood blood pressure was rea-
sonably consistent across studies measuring outcomes at 6–7
y of age, as reflected in the conclusion statement. With regard
to the relationship between shorter versus longer durations of
any human milk feeding and childhood blood pressure, the
PROBIT study (25, 26) found evidence of no relationship,
and, taken together, the evidence across 5 prospective cohort
studies (9, 11, 12, 16, 27–29) provided further evidence of no
relationship because it was inconsistent. The consistency of the
evidence examining shorter versus longer durations of exclusive
human milk feeding and childhood blood pressure and metabolic
syndrome could not be assessed because the number of studies
was too small.

TEC members had some doubts about the generalizability
of the evidence to US populations. On one hand, the samples
were all from countries that met the inclusion criterion of being
high or very high on the Human Development Index (23) and
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TABLE 7 Evidence examining the relationship between shorter versus longer durations of exclusive human milk feeding and blood pressure in childhood1

Author and year
(ref.)

Study design
(study/cohort name
where applicable) Country

Notable sample
characteristics

Shorter vs longer durations of
exclusive human milk feeding
exposures2

Significant
associations with
blood pressure

Non-significant associations with
blood pressure

Kramer 2007 (25) RCT3 (PROBIT) Belarus n = 13,889
Baseline: birth
Race/ethnicity NR

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

None SBP at age 6.5 y (mm Hg): mean
difference 0.2 (95% CI: −2.9,
3.3)

DBP at age 6.5 y (mm Hg): mean
difference 0.2 (95% CI: −1.8,
2.2)

Kramer 2009 (48) Prospective cohort4

(PROBIT)
Belarus n = 2951

Baseline: birth
Race/ethnicity NR

EBF for 3 mo with continued
partial BF to ≥6 mo vs EBF
≥6 mo

None SBP at age 6.5 y (mm Hg): mean
difference 0.0 (95% CI: −1.0,
0.9)

DBP at age 6.5 y (mm Hg): mean
difference −0.3 (95% CI:
−1.2, 0.5)

Martin 2014 (26) RCT3 or prospective
cohort, depending
on the analysis
(PROBIT)

Belarus n = 13,616
Baseline: birth
Race/ethnicity NR

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

None SBP at 11.5 y (mm Hg): mean
difference 1.23 (95% CI:
−0.58, 3.05)

DBP at 11.5 y (mm Hg): mean
difference 0.77 (95% CI:
−0.69, 2.23)

EBF 3-<6 mo vs EBF <3 mo,
instrumental variable analysis

None SBP at 11.5 y (mm Hg): mean
difference 3.32 (95% CI:
−2.28, 8.92)

DBP at 11.5 y (mm Hg): mean
difference 2.03 (95% CI:
−2.79, 6.84)

EBF 3–<6 mo vs EBF <3 mo,
prospective cohort analysis

None SBP at 11.5 y (mm Hg): mean
difference 0.09 (95% CI:
−0.31, 0.48)

DBP at 11.5 y (mm Hg): mean
difference 0.24 (95% CI:
−0.07, 0.55)

EBF ≥6 mo vs EBF <3 mo,
instrumental variable analysis

None SBP at 11.5 y (mm Hg): mean
difference 4.71 (95% CI:
−2.86, 12.28)

DBP at 11.5 y (mm Hg): mean
difference 2.85 (95% CI:
−3.93, 9.63)

EBF ≥6 mo vs EBF <3 mo,
prospective cohort analysis

None SBP at 11.5 y (mm Hg): mean
difference 0.73 (95% CI:
−0.09, 1.54)

DBP at 11.5 y (mm Hg): mean
difference 0.58 (95% CI:
−0.06, 1.22)

EBF duration trend using the
categories <3, 3–<6, and ≥6
mo

DBP at 11.5 y (mm
Hg): P = 0.03

SBP at 11.5 y (mm Hg): P = 0.17

Vitolo 2013 (49) Prospective cohort4 Brazil n = 331
Baseline: birth
Race/ethnicity NR

EBF ≥4 mo vs <4 mo None High SBP at 3–4 y: effect 0.31
(95% CI: 0.07, 1.28), P = 0.1

1DBP, diastolic blood pressure; EBF, exclusively breastfed; NR, not reported; PROBIT, Promotion of Breastfeeding Intervention Trial; RCT, randomized controlled trial; ref.,
reference; SBP, systolic blood pressure.

2Exposures, 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.

3RCT of an intervention to promote prolonged duration and exclusivity of breastfeeding.
4The cohort was sampled from an RCT; however, the data of interest from this article are unrelated to randomization.

therefore had a level of human development likely generalizable
to the United States. However, none of the conclusion statements
was drawn from evidence that included US samples, and
US 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 US 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 SR question, and the clinical significance of the evidence.
Two of the studies in the body of evidence examining never versus
ever feeding human milk and childhood blood pressure were
indirect because they were originally designed to examine the
effect of long-chain polyunsaturated fatty acid supplementation
in infant formula (10, 13). In the bodies of evidence examining the
durations of any and exclusive human milk feeding, the PROBIT
study was designed as a cluster randomized controlled trial
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TABLE 8 Evidence examining the relationship between shorter versus longer durations of exclusive human milk feeding and metabolic syndrome in
childhood1

Author and year
(ref.)

Study design
(study/cohort name
where applicable) Country

Notable sample
characteristics

Shorter vs longer durations of
exclusive human milk feeding
exposures2

Significant associations
with metabolic
syndrome

Nonsignificant associations with
metabolic syndrome

Martin 2014 (26) RCT3 or prospective
cohort, depending on
the analysis
(PROBIT)

Belarus n = 13,616
Baseline: birth
Race/ethnicity NR

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

None Metabolic syndrome at 11.5 y:
OR 1.16 (95% CI: 0.81, 1.66)

EBF 3–<6 mo vs EBF <3 mo None Metabolic syndrome at 11.5 y:
OR 1.09 (95% CI: 0.86, 1.39)

EBF ≥6 mo vs EBF <3 mo None Metabolic syndrome at 11.5 y:
OR 1.14 (95% CI: 0.68, 1.89)

EBF duration trend using the
categories <3, 3–<6, and ≥6
mo EBF

None Metabolic syndrome at 11.5 y:
P = 0.43

1EBF, exclusively breastfed; NR, not reported; PROBIT, Promotion of Breastfeeding Intervention Trial; RCT, randomized controlled trial; ref., reference.
2Exposures, 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.
3RCT of an intervention to promote prolonged duration and exclusivity of breastfeeding.

of a breastfeeding promotion intervention, which created study
groups with distinct human milk exposures, and the outcomes
of interest in this SR were listed as secondary outcomes. The
evidence underlying the conclusion statements is unlikely to have
clinical significance because it suggested that infant milk-feeding
practices do not relate to CVD risk in childhood.

Research recommendations

TEC members identified several areas for future research.
There was insufficient evidence to answer 1 of the 4 SR questions
(Table 9); no articles met the inclusion criteria that examined the

intensity, proportion, or amount of human milk fed to mixed-
fed infants. In addition, the available evidence tended to examine
intermediate outcomes instead of endpoint CVD outcomes and
studied samples outside of the United States that may differ
in cardiovascular risk from the US 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 noncommunicable diseases and making use of
emerging electronic medical record data.

Researchers should move toward collecting infant-feeding
data consistently using validated methods, and we propose

TABLE 9 Systematic review questions, conclusion statements, and grades of the evidence supporting the conclusion statements1

Systematic review question Conclusion statements and grades

What is the relationship between never
versus ever feeding human milk and
CVD outcomes?

Limited evidence suggests that never versus ever being fed human milk is associated with higher blood
pressure, within a normal range, at 6–7 y of age. (Grade: Limited)

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: Grade not assignable)

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

Moderate evidence suggests that there is no association between the duration of any human milk feeding and
blood pressure in childhood. (Grade: Moderate)

Evidence about the relationship of shorter versus longer durations of any human milk feeding with blood
lipids in childhood and adulthood and with metabolic syndrome was inconclusive, and there was
insufficient evidence to determine the relationship of shorter versus longer durations of any human milk
feeding with endpoint CVD outcomes, blood pressure in adolescence or adulthood, blood lipids in
adolescence, and arterial stiffness. (Grade: Grade not assignable)

What is the relationship between shorter
versus longer durations of exclusive
human milk feeding and CVD
outcomes?

Limited evidence suggests that there is no association between the duration of exclusive human milk feeding
and blood pressure in childhood or metabolic syndrome at 11.5 y of age. Most of the evidence comes from
just 1 non-US sample assessed using a strong study design. (Grade: Limited)

There was insufficient evidence to determine the relationship of shorter versus longer durations of exclusive
human milk feeding with endpoint CVD outcomes, blood pressure in adolescence or adulthood, blood
lipids, and metabolic syndrome at ages other than 11.5 y. (Grade: Grade not assignable)

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

There was insufficient evidence to determine the relationship between feeding a lower versus higher intensity,
proportion, or amount of human milk to mixed-fed infants and CVD outcomes. (Grade: Grade not
assignable)

1CVD, cardiovascular disease.



Infant milk-feeding practices and CVD outcomes 815S

studying the duration of human milk feeding among infants
fed human milk (i.e., assess infants never fed human milk
separately). Researchers should consider effect modification in
their study design whenever possible (e.g., participant sex) in case
biological or environmental characteristics modify the impact
of infant feeding on the outcomes. Infant-feeding research will
continue to rely on observational designs; however, researchers
should endeavor to minimize bias through sound research design
and conduct. For example, baseline differences in critical con-
founding variables should be assessed. The critical confounding
variables proposed by TEC members were race and ethnicity,
socioeconomic status, and family history of cardiovascular risk.
Additional study designs that further minimize confounding
include sib-pair analyses (e.g., comparisons of associations
within sibling pairs compared with associations irrespective of
sibship), and analyses of cohorts with different confounding
structures; the use of instrumental variables such as Mendelian
randomization approaches will also be helpful in minimizing
confounding (51).
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