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Health outcomes in developed countries differ substantially for mothers and
infants who formula feed compared with those who breastfeed. For infants,
not being breastfed is associated with an increased incidence of infectious
morbidity, as well as elevated risks of childhood obesity, type 1 and type 2
diabetes, leukemia, and sudden infant death syndrome. For mothers, failure 
to breastfeed is associated with an increased incidence of premenopausal 
breast cancer, ovarian cancer, retained gestational weight gain, type 2 
diabetes, myocardial infarction, and the metabolic syndrome. Obstetricians
are uniquely positioned to counsel mothers about the health impact of 
breastfeeding and to ensure that mothers and infants receive appropriate, 
evidence-based care, starting at birth.
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Health outcomes differ substantially for mothers and infants who formula
feed compared with those who breastfeed, even in developed countries
such as the United States. A recent meta-analysis by the Agency for

Healthcare Research and Quality reviewed this evidence in detail1:
• For infants, not being breastfed is associated with an increased incidence of in-

fectious morbidity, including otitis media, gastroenteritis, and pneumonia, as
well as elevated risks of childhood obesity, type 1 and type 2 diabetes, leukemia,
and sudden infant death syndrome (SIDS).

• Among premature infants, not receiving breast milk is associated with an in-
creased risk of necrotizing enterocolitis (NEC).

• For mothers, failure to breastfeed is associated with an increased incidence of
premenopausal breast cancer, ovarian cancer, retained gestational weight gain,
type 2 diabetes, and the metabolic syndrome.
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infant feeding and ensuring an optimal
start for breastfeeding at birth.

The Risks of Formula 
Feeding Versus the Benefits of
Breastfeeding
Public health campaigns and medical
literature have traditionally described
the “benefits of breastfeeding,” com-
paring health outcomes among
breastfed infants against a reference
group of formula-fed infants. Al-
though mathematically synonymous
with reporting the “risk of not breast-

feeding,” this approach implicitly de-
fines formula feeding as the norm. As
several authors have noted,7-9 this
subtle distinction impacts public per-
ceptions of infant feeding. If “breast is
best,” then formula is implicitly
“good” or “normal.” This distinction
was underscored by national survey
data showing that, in 2003, whereas
74.3% of US residents disagreed with
the statement: “Infant formula is as
good as breast milk,” just 24.4%
agreed with the statement: “Feeding a
baby formula instead of breast milk

increases the chance the baby will get
sick.”10

These distinctions appear to influ-
ence parents’ feeding decisions. In
2002, the Ad Council conducted focus
groups to develop the National
Breastfeeding Awareness Campaign,
targeted at reproductive-aged women
who would not normally breastfeed.

These findings suggest that infant
feeding is an important modifiable
risk factor for disease for both moth-
ers and infants. The American College
of Obstetricians and Gynecologists
(ACOG) therefore recommends 6
months of exclusive breastfeeding for
all infants.2 The American Academy
of Pediatrics (AAP)3 and the American
Academy of Family Physicians
(AAFP)4 similarly recommend exclu-
sive breastfeeding for the first 6
months of life, continuing at least
through the infant’s first birthday,

and as long thereafter as is mutually
desired. The World Health Organiza-
tion (WHO) recommends at least 2
years of breastfeeding for all infants.

In the United States, breastfeeding
durations fall far short of these guide-
lines.5 In 2005, 74.2% of US infants
were breastfed at least once after de-
livery, but only 31.5% were exclu-
sively breastfed at age 3 months, and
just 11.9% were exclusively breastfed
at age 6 months. These rates show
considerable regional variation, with
the highest rates in the Pacific North-
west and the lowest rates in the
Southeast. Although some of this
variation reflects cultural differences,
recent data suggest that variations in
hospital practices account for a con-
siderable proportion of disparities in
breastfeeding duration.6 This suggests
that improvements in the quality of
antenatal and perinatal support for
breastfeeding could have a substan-
tial impact on the health of mothers
and infants.

This article reviews the health risks
of not breastfeeding, for infants and for
mothers, as well as the obstetrician’s
role in counseling women regarding

They found that women who were ad-
vised about the “benefits of breast-
feeding” viewed lactation as a
“bonus,” like a multivitamin, that was
helpful but not essential for infant
health. Women responded differently
when the same data were presented as
the “risk of not breastfeeding,” and
they were far more likely to say that
they would breastfeed their infants.
Given these findings, this review will
present differences in health out-
comes as risks of formula feeding,
using breastfeeding mother-infant
dyads as the referent group.

Infant Feeding and Child Health
Outcomes
Infectious Morbidity
Compared with breastfed infants,
formula-fed infants face higher risks
of infectious morbidity in the first
year of life. These differences in health
outcomes can be explained, in part, by
specific and innate immune factors
present in human milk.11 Plasma cells
in the mother’s bronchial tree and in-
testine migrate to the mammary ep-
ithelium and produce IgA antibodies
specific to antigens in the mother-
infant dyad’s immediate surroundings,
providing specific protection against
pathogens in the mother’s environ-
ment.12 In addition, innate immune
factors in milk provide protection

against infection. Oligosaccharides
prevent attachment of common 
respiratory pathogens, such as
Haemophilus influenzae and Strepto-
coccus pneumoniae, to respiratory ep-
ithelium, and glycoproteins prevent
binding of intestinal pathogens such
as Vibrio cholerae, Escherichia coli,
and rotavirus.13
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In the United States, breastfeeding durations fall far short of ACOG, AAP,
and AAFP guidelines. In 2005, 74.2% of US infants were breastfed at least
once after delivery, but only 31.5% were exclusively breastfed at age 3
months, and just 11.9% were exclusively breastfed at age 6 months.

Compared with breastfed infants, formula-fed infants face higher risks of
infectious morbidity in the first year of life. These differences in health
outcomes can be explained, in part, by specific and innate immune factors
present in human milk.
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Glycosaminoglycans in milk pre-
vent binding of HIV gp120 to the CD4
receptor, reducing risk of transmis-
sion, and human milk lipids con-
tribute to innate immunity, with ac-
tivity against Giardia lamblia, H
influenzae, group B streptococci, S
epidermidis, respiratory syncytial
virus (RSV), and herpes simplex virus
type 1 (HSV-1).14

Otitis Media
Approximately 44% of infants will
have at least 1 episode of otitis media

in the first year of life, and the risk
among formula-fed infants is doubled
(95% confidence interval [CI], 1.4-2.8)
compared with infants who are exclu-
sively breastfed for more than 3
months.1 Human milk oligosaccha-
rides and antibodies to common res-
piratory pathogens in the infant’s en-
vironment are thought to provide
protection from infection.

Lower Respiratory Tract Infection
In a meta-analysis of 7 cohort studies
of healthy term infants in affluent re-
gions, Bachrach and associates15

found that infants who were not
breastfed faced a 3.6-fold increased
risk (95% CI, 1.9-7.1) of hospitaliza-
tion for lower respiratory tract infec-
tion in the first year of life, compared
with infants who were exclusively
breastfed for more than 4 months.
These studies included adjustment for
parental smoking and socioeconomic
status. The majority of respiratory
hospitalizations for infants result
from infection with RSV. Lipids in
human milk appear to have antiviral
activity against RSV.

Gastrointestinal Infections
Multiple studies suggest that formula-
fed infants face an increased risk of
gastroenteritis and diarrhea. In a
meta-analysis of 14 cohort studies,
Chien and Howie16 found that infants
who were formula fed or fed a mix-
ture of formula and human milk were
2.8 times (95% CI, 2.4-3.1) more likely
to develop gastrointestinal (GI) infec-
tion than those who were exclusively
breastfed. Data from the Promotion of
Breastfeeding Intervention Trial
(PROBIT) found that infants in the

control group were 1.7 times (95% CI,
1.1-2.5) more likely to develop GI ill-
ness than those in the intervention
group. In this study, Kramer and
colleagues17 randomized 31 maternity
hospitals to the Baby Friendly Hospi-
tal Initiative (BFHI), a set of evidence-
based practices supportive of breast-
feeding, versus usual care. All 17,046
infants in the PROBIT study were
breastfed, but at 3 months, only 6.4%
of control infants were exclusively
breastfed compared with 43.3% of
intervention infants.

Necrotizing Enterocolitis
Among preterm infants, not being
breastfed is associated with a 2.4-fold
risk (95% CI, 1.04-5.6) of NEC with
an absolute risk difference of 5%.1

Because the case-fatality rate for NEC
is 15%,18 this difference in absolute
risk is clinically significant.

Obesity and Metabolic Disease
Epidemiologic studies suggest that
children who are formula fed in
infancy are more likely to become
obese or develop type 2 diabetes.1,19,20

In meta-analyses, children formula
fed in infancy were 1.1 (95% CI, 1.0-
1.1)21 to 1.3 (95% CI, 1.2-1.5)22 times
as likely to become obese as children
who had ever been breastfed. Being
formula fed in infancy is also associ-
ated with a 1.6-fold risk (95% CI, 1.2-
2.3) of type 2 diabetes, compared with
being breastfed.1,19,23 Some studies
have also suggested an increase in
risk for cardiovascular disease, in-
cluding higher blood pressure19,24,25

and less favorable lipid profiles,26 but
the literature is mixed. Researchers
have proposed several mechanisms to
explain these associations, including
differences in composition of human
milk versus formula, feeding prac-
tices, associated lifestyle factors, and
self-regulation of intake by the in-
fant.27 Moreover, human milk con-
tains adipokines, which may play a
role in regulating energy intake and
long-term obesity risk.28 Several au-
thors have postulated that long-chain
polyunsaturated fatty acids in breast
milk may affect blood pressure and
insulin resistance in later life.19 Nev-
ertheless, observational data must be
interpreted with caution because of
potential confounding by other
lifestyle behaviors in families with
long durations of breastfeeding ver-
sus formula feeding.

Neurodevelopment
Multiple authors have examined asso-
ciations between infant feeding and
cognitive development, with mixed
results.29-31 Several studies reported
modestly lower IQ scores in formula-
fed children compared with breastfed
children, whereas others reported no
association between infant feeding
and intelligence. Observational data
should be interpreted with caution
due to confounding by socioeconomic
status and maternal intelligence. Nev-
ertheless, data from 2 randomized
controlled trials provides evidence of
developmental differences with
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Glycosaminoglycans in milk prevent binding of HIV gp120 to the CD4
receptor, reducing risk of transmission, and human milk lipids contribute to
innate immunity, with activity against Giardia lamblia, H influenzae, group
B streptococci, S epidermidis, respiratory syncytial virus, and herpes simplex
virus type 1.

6. RIOG0093_12-10.qxd  12/10/09  8:59 PM  Page 224



The Risks of Not Breastfeeding

VOL. 2 NO. 4  2009    REVIEWS IN OBSTETRICS & GYNECOLOGY 225

shorter durations of breastfeeding.
Dewey and associates32 randomized
mothers in Honduras to introduction
of complementary foods at 4 months
versus continued exclusive breast-
feeding until 6 months postpartum.
Infants in the complementary food
group crawled later than those that
were exclusively breastfed from 4 to 6
months (P � .007). Among normal
birth weight infants, those who were
randomized to complementary foods
before 6 months were less likely to be
walking at 12 months (39 vs 60%; 
P � .02). Kramer and colleagues33

similarly found differences in neu-
rodevelopment with shorter breast-
feeding in the PROBIT study. At age
6.5 years, verbal IQ scores were 7.5
points lower (95% CI, �0.8 to �14.3)
among children in the usual care
group than among children in the
breastfeeding support group. Kramer’s
results suggest that hospital policies
that support breastfeeding can impact
neurodevelopment at school age.

These studies were conducted prior
to use of formula supplemented with
long-chain polyunsaturated fatty
acids (LCPUFA), which had been
added to infant formula with the goal
of improving neurocognitive out-
comes. However, a recent Cochrane
meta-analysis concluded that most
well-conducted randomized trials
showed no benefit of LCPUFA versus
control formula on visual acuity or
neurodevelopment among term in-
fants.34 These findings make it un-
likely that LCPUFA-supplemented for-
mula would reduce the differences in
outcomes between children in inter-
vention and control groups in these
studies.

SIDS
Case-control studies suggest that for-
mula feeding is associated with a 1.6-
(95% CI, 1.2-2.3)1 to 2.1-fold (95% CI,
1.7-2.7)35 increased odds of SIDS
compared with breastfeeding. These

associations persisted after adjust-
ment for sleeping position, maternal
smoking, and socioeconomic status.
In reviewing the evidence, the Amer-
ican Academy of Pediatrics Task Force
on Sudden Infant Death Syndrome
concluded that factors associated with
breastfeeding, but not breastfeeding
per se, were associated with a lower
incidence of SIDS.36

Infant Mortality
After adjusting for maternal age, edu-
cation, smoking status, infant race,
gender, birth weight, congenital mal-
formation, birth order, plurality, and
Women, Infants and Children Nutri-
tion Program status, formula feeding
is associated with a 1.3-fold (95% CI,
1.1-1.5) higher risk of infant mortal-
ity in the United States compared
with ever breastfeeding.37 In a sub-
group analysis, the association was
limited to SIDS and injury-related
death.

Role of Exclusive Breastfeeding
in Infant Health Outcomes
Early feeding plays a central role in
development and maturation of the
infant immune system. Compared
with human milk–fed infants, formula-
fed infants have higher pH stools and
greater colonization with pathogenic
bacteria, including E coli, Clostridium
difficile, and Bacteroides fragilis.38

Bioactive factors in human milk ap-
pear to facilitate the more favorable
gut colonization in breastfed infants.
These oligosaccharides, cytokines,
and immunoglobulins regulate gut
colonization and development of 
gut-associated lymphoid tissue and
govern differentiation of T cells that
play a role in host defense and toler-
ance.39 Formula-fed infants also have
a smaller thymus than breastfed in-
fants.40 These differences in immune
system differentiation may underlie
the higher incidence of allergic 
disease observed in formula-fed

children. Not breastfeeding may also
affect disease risk through exposure
to foreign antigens in formula.

Asthma
Multiple studies have examined the
association between infant feeding
and development of asthma, with
mixed results. In a meta-analysis, Ip
and colleagues1 found a 1.7-fold risk
(95% CI, 1.2-2.3) of developing
asthma among formula-fed children
with a positive family history of
asthma or atopy and a 1.4-fold risk
(95% CI, 1.1-1.7) among those with-
out a family history, compared with
those who were breastfed for 3
months or more. Gdalevich and asso-
ciates41 compared less than 3 months
of exclusive breastfeeding with
greater than or equal to 3 months of
exclusive breastfeeding and found a
1.9-fold risk (95% CI, 1.3-2.9) among
those with a family history of asthma
or atopy.

Atopic Dermatitis
Infants with a family history of atopy
who were exclusively breastfed for
less than 3 months have a 1.7-fold
risk of atopic dermatitis (95% CI, 1.1-
2.4) compared with infants who are
exclusively breastfed.42 Similar find-
ings were reported in the PROBIT
randomized trial of breastfeeding
support,17 where infants who deliv-
ered in control hospitals were 1.9
times as likely (95% CI, 1.1-3.2) to de-
velop atopic dermatitis as those who
delivered in breastfeeding support
intervention hospitals.

Type 1 Diabetes
Epidemiologic studies have reported
an association between exposure to
cow’s milk antigen and development
of type 1 diabetes, although results
have been mixed.43 Less than 3 months
of breastfeeding has been associated
with a 1.2- (95% CI, 1.1-1.4)44 to 1.4-
fold (95% CI, 1.2-1.5)45 increased risk
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of developing type 1 diabetes com-
pared with more than 3 months of
breastfeeding. There is some evidence
that differential recall between cases
and controls may have biased re-
sults.44 A randomized, controlled trial
is currently underway to test whether
cow’s milk formula increases devel-
opment of islet-cell antibodies. In-
fants at high risk of type 1 diabetes

have been randomized to supplemen-
tation with hydrolysated formula
versus cow’s milk formula. In a pilot
study,46 exposure to cow’s milk–based
formula was associated with higher
prevalence of islet cell auto-antibodies,
providing tentative evidence for a
causal association between cow’s milk
exposure and type 1 diabetes.

Childhood Cancer
Several studies have examined asso-
ciations between formula feeding and
childhood leukemia based on the hy-
pothesis that immunoreactive factors
in breast milk may prevent viral in-
fections implicated in the leukemia
pathogenesis.47 Two meta-analyses1,48

found a 1.3-fold higher risk of acute
lymphoblastic leukemia (95% CI, 
1.1-1.4) among formula-fed children
compared with children who were
breastfed less than 6 months. Kwan
and colleagues48 also found a 1.2-fold
higher risk of acute myeloid leukemia
(95% CI, 1.0-1.4) among formula-fed
infants compared with infants breast-
fed more than 6 months.

Infant Feeding and Maternal
Health Outcomes
Not breastfeeding or weaning prema-
turely is associated with health risks
for mothers as well as for infants. Epi-
demiologic data suggest that women

who do not breastfeed face higher risk
of breast cancer and ovarian cancer,
as well as obesity, type 2 diabetes,
metabolic syndrome, and cardiovas-
cular disease. As in the pediatric liter-
ature, most evidence arises from ob-
servational studies, which are subject
to confounding by other health
behaviors. For maternal health out-
comes, associations are generally

reported according to lifetime dura-
tion across all pregnancies, rather
than duration of feeding for each
pregnancy.

Lactation and Malignancy
Lactation suppresses ovulation, lead-
ing to lactation amenorrhea. In addi-
tion, lactogenesis leads to terminal
differentiation of breast tissue with
potential long-term effects on malig-
nant transformation. These effects
may mediate associations between
breastfeeding and breast and ovarian
cancer.

Breast Cancer
Some studies have suggested that
breastfeeding reduces breast cancer
risk, but evidence has been mixed.
Observational studies relating lacta-
tion and breast cancer among post-
menopausal women have largely
failed to identify an association.49,50

Reports from case-control studies
suggest a modest inverse association
between breastfeeding and pre-
menopausal breast cancer risk, but
findings have been inconsistent and
limited by potential recall bias.51,52

Longitudinal studies have similarly
produced conflicting results.49,53-55 A
meta-analysis of 47 studies found
that each year of breastfeeding was
associated with a 4.3% (95% CI, 

2.9-5.8) reduction in risk of invasive
breast cancer.56 In the Nurses’ Health
Study II, the association was stronger
among women with a first-degree
relative with breast cancer.57 In this
group, never breastfeeding was asso-
ciated with a 2.4-fold increase (95%
CI, 1.3-4.5) in incidence of pre-
menopausal breast cancer, compared
with ever having breastfed.

Ovarian Cancer
In case-control studies,1 never breast-
feeding is associated with a 1.3-fold
higher (95% CI, 1.1-1.5) risk of ovar-
ian cancer, compared with ever
having breastfed. Danforth and col-
leagues58 prospectively examined risk
of ovarian cancer in the Nurses’ Heath
Studies and found that women who
had never breastfed faced a 1.5-fold
risk (95% CI, 1.0-2.2) of ovarian can-
cer, compared with women who
breastfed for greater than 18 months.
These associations may be mediated
by antibodies to MUC-1 antigen,
which are thought to develop during
mastitis.59

Lactation and Maternal Metabolism
Breastfeeding poses a substantial
metabolic burden on mothers, requir-
ing 500 kcal per day to supply milk
for an exclusively breastfed infant.
This metabolic load may help mobi-
lize weight gained during pregnancy.
In addition, breastfeeding is associ-
ated with more favorable glucose
levels, lipid metabolism, and blood
pressure. Epidemiologic studies sug-
gest that these differences may persist
after weaning with significant long-
term benefits for mothers.60

Dewey and associates61 compared
weight loss during the first year post-
partum between 2 groups of women:
those breastfeeding less than 3
months and those continuing for
more than 1 year. Women who were
intentionally dieting to lose weight
were excluded from the study. Women

The Risks of Not Breastfeeding continued

226 VOL. 2 NO. 4  2009   REVIEWS IN OBSTETRICS & GYNECOLOGY

Epidemiologic data suggest that women who do not breastfeed face higher
risks of breast cancer and ovarian cancer, as well as obesity, type 2 diabetes,
metabolic syndrome, and cardiovascular disease.
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in the prolonged breastfeeding group
lost 4.4 lbs more than women who
weaned at 3 months, and this differ-
ence in weight persisted at 2 years
postpartum (P � .05). Other studies
have found mixed results,1 suggesting
that differences in caloric intake and
physical activity may play a greater
role in postpartum weight change
than breastfeeding.

A randomized, controlled trial in
Honduras provides evidence that
breastfeeding can mobilize calories for
weight loss.32 Women exclusively
breastfeeding were randomized at 4
months postpartum to introduce
complementary foods for their infants
or continue to breastfeed exclusively.
At 6 months, exclusively breastfeed-
ing mothers had lost 600 g more than
those in the complementary feeding
group (P � .05), suggesting that more
intense lactation mobilizes additional
adipose stores.

Differences in metabolism between
breastfeeding and formula-feeding
women appear to persist into later
life. Several authors have found a
higher risk of diabetes and the meta-
bolic syndrome among women who
have never breastfed compared with
those who breastfed for a prolonged
period. In the Nurses’ Health Studies,
the risk of type 2 diabetes in the
15 years since their last birth was 1.7-
fold higher (95% CI, 1.3-2.3) among
parous women who never breastfed
compared with those who breastfed
for a lifetime total of 2 years or
more.62 Never having breastfed was
also linked with a 1.3-fold (95% CI,
1.1-1.6) risk of myocardial infarction
compared with lifetime breastfeeding
for 2 years or more in the Nurses’
Health Study.63 Ram and colleagues64

assessed the prevalence of metabolic
syndrome in a cohort of middle-aged
women and found a 1.3-fold higher
risk (95% CI, 1.0-1.6) among parous
women who had never breastfed,
compared with those who had ever

breastfed. Similarly, in the Women’s
Health Initiative, Schwarz and col-
leagues65 found a 10% to 20% higher
risk of diabetes, hyperlipidemia, and
cardiovascular disease among parous
women who had never breastfed
compared with those who breastfed
for 13 to 23 months (P for trend 
� .001 for all outcomes).

The Obstetrician’s Role in 
Promoting and Supporting
Breastfeeding
Multiple studies provide evidence that
formula feeding is associated with in-
creased risks for infants and mothers
compared with breastfeeding. By
supporting breastfeeding as the nor-
mative way to feed an infant, the
obstetrician-gynecologist can play a
powerful role in improving health
outcomes across 2 generations.

Counseling During Antenatal Care
Most mothers make decisions about
infant feeding early in pregnancy.
Early in prenatal care, the obstetrician
can educate mothers about the health
impact of infant feeding and address
potential obstacles to breastfeeding.
However, many obstetricians under-
estimate the importance of their ad-
vice. In a study of obstetricians and

patients at a multispecialty group
practice in Massachusetts,66 just 8%
of physicians felt their advice on
whether and how long to breastfeed
was important, but more than one-
third of mothers reported that their
provider’s advice on these topics was
very important. Patient perception of
clinicians’ opinions is directly corre-
lated with breastfeeding duration. In a

study of breastfeeding prevalence at
6 weeks postpartum, DiGirolamo and
colleagues67 found that 70% of
women who thought their physician
favored breastfeeding were still
breastfeeding compared with 54% of
those who thought their physician
had no preference.

When counseling patients about
breastfeeding, studies suggest asking
open-ended questions such as: “What
have you heard about breastfeeding?”
followed by acknowledging the
mother’s concerns and targeting edu-
cation to her specific needs. For the
mother who elects to bottle feed, this
approach allows for an open discus-
sion of risks and benefits and ensures
informed consent for the feeding de-
cision. Such an approach is more ef-
fective than asking a closed-ended
question such as: “Are you going to
breast- or bottle-feed?”68

Physician office participation in
formula marketing programs is also a
major predictor of breastfeeding out-
comes. Howard and colleagues69 con-
ducted a randomized, controlled trial
of promotional materials at the first
prenatal visit. Mothers received either
a formula company–sponsored infor-
mation pack on infant feeding or a
noncommercial pack of equal value.
Among mothers who were uncertain

about their plans to breastfeed, those
who received the formula marketing
packet were 1.7 (95% CI, 1.2-2.6)
times more likely to wean than those
who received the noncommercial in-
formation. This randomized trial
provides compelling evidence that
obstetric care providers should not
participate in formula marketing
programs.

In a study of obstetricians and patients at a multispecialty group practice in
Massachusetts, just 8% of physicians felt their advice on whether and how
long to breastfeed was important, but more than one third of mothers re-
ported that their provider’s advice on these topics was very important.
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Physiology of Breastfeeding
Lactation begins with secretory dif-
ferentiation of breast tissue during
pregnancy.70 Hormonal changes in es-
trogen, prolactin, progesterone, and
IGF-1 cause differentiation of the
mammary epithelium in preparation
for milk production. Alveoli form by
the end of the first trimester of preg-
nancy. Placental prolactin, placental
growth hormone, and human placen-
tal lactogen support mammary differ-
entiation and milk formation. Proges-
terone produced by the placenta

prevents synthesis of mature milk
until after birth. Secretory activation
occurs as progesterone levels fall and
milk production increases from 50
mL/d at birth to approximate 500
mL/d in the first 2 to 3 days after de-
livery. As production increases, mam-
mary secretions change from
colostrum, a clear fluid rich in secre-
tory IgA and lactoferrin, to mature
milk, which contains lactose, lipids,
and proteins.

Milk synthesis occurs continuously,
as lactocytes produce lipids, lactose,
proteins, and immunoglobulins that
comprise human milk. Milk secretion
occurs intermittently, when oxytocin
stimulates the milk ejection reflex,
causing contraction of myoepithelial
cells and secretion of milk. Milk let
down is inhibited by stressful stim-
uli.71 For the infant to transfer milk,
he or she must latch successfully. In-
fant suckling stimulates release of
oxytocin and production of prolactin,
and facilitates transfer of milk from
the areola to the infant’s mouth. If the
breast is not emptied regularly, en-
gorgement occurs. This accumulation
of milk in the alveoli appears to

downregulate prolactin receptors in
the mammary epithelium, leading to
reduced milk production.72

Successful establishment of lacta-
tion requires removal of progesterone
and estrogen with delivery of the pla-
centa, followed by a cycle of milk let
down, successful latch, and removal
of milk. Obstetricians can facilitate
this process of “let down, latch, and
moving milk” by encouraging imme-
diate skin-to-skin contact after birth,
followed by feeding on demand and
“rooming in,” keeping the mother and

infant together during the postpartum
stay. Of note, in a small observational
study, Keefe73 found that mothers
who kept infants in their rooms at
night slept as much as those who send
their infants to the nursery.

Hospital Practices and 
Breastfeeding Success
Data from randomized studies show
that maternity care practices have a
substantial impact on breastfeeding
success and infant health outcomes.
In the PROBIT trial,17 intervention
hospitals implemented the BFHI.
This set of evidence-based guide-
lines was developed by the WHO
to increase initiation and duration
of breastfeeding.74 Kramer and 
colleagues33 found that the inter-
vention increased duration of exclu-
sive and total breastfeed through
the first year of life and resulted in
improved health outcomes ranging
from gastroenteritis to school-age
verbal IQ.

The BFHI has been widely imple-
mented around the world, reaching
more than 15,000 maternity hospitals
in 134 countries. However, in the

United States, fewer than 100 hospi-
tals are certified as Baby Friendly. A
recent study by the Centers for
Disease Control and Prevention6

surveyed 2687 maternity centers to
measure implementation of BFHI
guidelines. The mean score was 63
out of 100 possible points. The au-
thors found that routine practices in
many maternity hospitals are not
supportive of breastfeeding. For ex-
ample, 65% of hospitals reported that
staff advise mothers to limit duration
of suckling at each feeding, and 70%
distribute formula company market-
ing packs to breastfeeding mothers,
despite evidence that both practices
reduce breastfeeding success.

Obstetricians can help close this
quality gap by supporting efforts to
eliminate outdated practices and
providing evidence-based support
for breastfeeding. For example, a
Cochrane review of randomized
trials demonstrated that infants
placed skin-to-skin at delivery
breastfeed 42 days longer than
infants who are swaddled in the
first hour of life.75 The obstetrician
can directly impact this practice by
placing the healthy infant on the
mother’s chest at delivery and en-
couraging hospital staff to perform
the initial assessment while the in-
fant is with the mother, as recom-
mended by the AAP (Table 1).

Conclusions
Formula feeding is associated with
adverse health outcomes for both
mothers and infants, ranging from in-
fectious morbidity to chronic disease.
Given the compelling evidence for
differences in health outcomes,
breastfeeding should be acknowl-
edged as the biologic norm for infant
feeding. Physician counseling, office,
and hospital practices should be
aligned to ensure that the breastfeed-
ing mother-infant dyad has the best
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Successful establishment of lactation requires removal of progesterone and
estrogen with delivery of the placenta, followed by a cycle of milk let down,
successful latch, and removal of milk.
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Table 1
The Obstetrician's Role in Supporting Breastfeeding

American Academy of Pediatrics Section on Breastfeeding Recommendations for Skin-to-Skin Care at Delivery3

Healthy infants should be placed and remain in direct skin-to-skin contact with their mothers immediately after delivery until the first
feeding is accomplished.

The alert, healthy newborn infant is capable of latching on to a breast without specific assistance within the first hour after birth. Dry
the infant, assign Apgar scores, and perform the initial physical assessment while the infant is with the mother. The mother is an op-
timal heat source for the infant. Delay weighing, measuring, bathing, needle-sticks, and eye prophylaxis until after the first feeding is
completed. Infants affected by maternal medications may require assistance for effective latch-on. Except under unusual circumstances,
the newborn infant should remain with the mother throughout the recovery period.

The Obstetrician’s Role in Supporting Breastfeeding

During Antenatal Care

• Do not participate in formula marketing programs.

• Ask the patient, “What have you heard about breastfeeding?” Respond to her concerns and educate her about medical 
recommendations for 6 months of exclusive breastfeeding.

• Provide anticipatory guidance about early initiation of breastfeeding, skin-to-skin care, feeding on demand, and rooming in.

• For women with a history of breast reduction surgery or a difficult feeding experience with a prior child, refer to a lactation 
consultant for an antenatal consult.

Intrapartum

• Provide anticipatory guidance about establishment of breastfeeding.

• For women undergoing cesarean deliveries, encourage skin-to-skin contact in the recovery room to facilitate establishment of
breastfeeding.

• Educate labor floor staff about the importance of skin-to-skin contact.

During the Postpartum Hospitalization

• Ask “How is breastfeeding going?” Respond to specific concerns and emphasize recommendations for exclusive breastfeeding for
the first 6 months.

• Encourage rooming in and feeding on demand.

• Ensure involvement of a lactation consultant if there is pain during feeding beyond the initial latch.

• Collaborate with pediatric providers regarding maternal medications that may be of concern during breastfeeding. Use LactMed as
a reference for evidence-based reviews of medication safety.

• Provide referrals to breastfeeding resources in the community.

At the Postpartum Visit

• Ask “How is breastfeeding going?” Respond to specific concerns and emphasize recommendations for exclusive breastfeeding for
the first 6 months.

• Provide guidance on expression of milk for return to school or work.

• Offer to sign a letter to her employer regarding the importance of accommodations to allow continued breastfeeding. (Sample
available at http://www.womenshealth.gov/breastfeeding/programs/business-case/outreach-marketing-resources.pdf.)

• Work with lactation consultants in your community to manage pain, low milk supply, or other breastfeeding concerns.

At Annual Well-Woman Visits

• Assess whether patients are currently breastfeeding.

• Be aware that the World Health Organization recommends a minimum of 2 years of breastfeeding for each infant.
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chance for a long, successful breast-
feeding experience.

References
1. Ip S, Chung M, Raman G, et al. Breastfeeding

and maternal and infant health outcomes in de-
veloped countries. Evid Rep Technol Assess (Full
Rep). 2007;153:1-186.

2. American College of Obstetrics and Gynecology.
Special Report from ACOG. Breastfeeding: ma-
ternal and infant aspects. ACOG Clinical Review.
2007;12(suppl):1S-16S.

3. Gartner LM, Morton J, Lawrence RA, et al.
Breastfeeding and the use of human milk. Pedi-
atrics. 2005;115:496-506.

4. American Academy of Family Physicians. Breast-
feeding, family physicians supporting (Position
Paper). http://www.aafp.org/online/en/home/policy/
policies/b/breastfeedingpositionpaper.html. Ac-
cessed June 10, 2009.

5. Centers for Disease Control and Prevention.
Breastfeeding among U.S. children born 1999-
2006, CDC National Immunization Survey.
http://www.cdc.gov/breastfeeding/data/NIS_data
/index.htm. Accessed June 10, 2009.

6. Centers for Disease Control and Prevention.
Breastfeeding-related maternity practices at
hospitals and birth centers–United States, 2007.
MMWR Morb Mortal Wkly Rep. 2008;57:621-625.

7. Wiessinger D. Watch your language! J Hum Lact.
1996;12:1-4.

8. Berry NJ, Gribble KD. Breast is no longer best:
promoting normal infant feeding. Matern Child
Nutr. 2008;4:74-79.

9. Cattaneo A. The benefits of breastfeeding or the
harm of formula feeding? J Paediatr Child
Health. 2008;44:1-2.

10. Li R, Rock VJ, Grummer-Strawn L. Changes in
public attitudes toward breastfeeding in the
United States, 1999-2003. J Am Diet Assoc.
2007;107:122-127.

11. Hamosh M. Bioactive factors in human milk.
Pediatr Clin North Am. 2001;48:69-86.

12. Nathavitharana KA, Catty D, McNeish AS. IgA
antibodies in human milk: epidemiological
markers of previous infections? Arch Dis Child
Fetal Neonatal Ed. 1994;71:F192-F197.

13. Peterson JA, Patton S, Hamosh M. Glycoproteins
of the human milk fat globule in the protection
of the breast-fed infant against infections. Biol
Neonate. 1998;74:143-162.

14. Hamosh M. Protective function of proteins and
lipids in human milk. Biol Neonate. 1998;74:
163-176.

15. Bachrach VR, Schwarz E, Bachrach LR. Breast-
feeding and the risk of hospitalization for respi-
ratory disease in infancy: a meta-analysis. Arch
Pediatr Adolesc Med. 2003;157:237-243.

16. Chien PF, Howie PW. Breast milk and the risk of
opportunistic infection in infancy in industrial-
ized and non-industrialized settings. Adv Nutr
Res. 2001;10:69-104.

17. Kramer MS, Chalmers B, Hodnett ED, et al.
Promotion of Breastfeeding Intervention Trial
(PROBIT): a randomized trial in the Republic of
Belarus. JAMA. 2001;285:413-420.

18. Holman RC, Stoll BJ, Curns AT, et al. Necrotising
enterocolitis hospitalisations among neonates in
the United States. Paediatr Perinat Epidemiol.
2006;20:498-506.

19. Horta BL, Bahl R, Martinés JC, et al. Evidence on
the long-term effects of breastfeeding: systematic
review and meta-analyses. Geneva: World Health
Organization; 2007:1-57.

20. Harder T, Bergmann R, Kallischnigg G, et al.
Duration of breastfeeding and risk of over-

weight: a meta-analysis. Am J Epidemiol. 2005;
162:397-403.

21. Owen CG, Martin RM, Whincup PH, et al. Effect
of infant feeding on the risk of obesity across the
life course: a quantitative review of published
evidence. Pediatrics. 2005;115:1367-1377.

22. Arenz S, Rückerl R, Koletzko B, et al. Breast-
feeding and childhood obesity—a systematic
review. Int J Obes Relat Metab Disord. 2004;28:
1247-1256.

23. Owen CG, Martin RM, Whincup PH, et al. Does
breastfeeding influence risk of type 2 diabetes
in later life? A quantitative analysis of pub-
lished evidence. Am J Clin Nutr. 2006;84:
1043-1054.

24. Owen CG, Whincup PH, Gilg JA, et al. Effect of
breast feeding in infancy on blood pressure in
later life: systematic review and meta-analysis.
BMJ. 2003;327:1189-1195.

25. Martin RM, Gunnell D, Smith GD. Breastfeeding
in infancy and blood pressure in later life:
systematic review and meta-analysis. Am J
Epidemiol. 2005;161:15-26.

26. Owen CG, Whincup PH, Odoki K, et al. Infant
feeding and blood cholesterol: a study in adoles-
cents and a systematic review. Pediatrics.
2002;110:597-608.

27. Agostoni C. Ghrelin, leptin and the neurometa-
bolic axis of breastfed and formula-fed infants.
Acta Paediatr. 2005;94:523-525.

28. Aydin S, Ozkan Y, Erman F, et al. Presence of
obestatin in breast milk: relationship among
obestatin, ghrelin, and leptin in lactating
women. Nutrition. 2008;24:689-693.

29. Anderson JW, Johnstone BM, Remley DT. Breast-
feeding and cognitive development: a meta-
analysis. Am J Clin Nutr. 1999;70:525-535.

30. Drane DL, Logemann JA. A critical evaluation of
the evidence on the association between type of

The Risks of Not Breastfeeding continued

230 VOL. 2 NO. 4  2009   REVIEWS IN OBSTETRICS & GYNECOLOGY

Main Points
• Research suggests that breastfeeding is a key modifiable risk factor for disease for both mothers and infants. Current guidelines

recommend exclusive breastfeeding for a minimum of 6 months up to the first 2 years of life, although breastfeeding in the United
States falls far short of these recommendations. Data suggest that variations in hospital practices account for disparities in breast-
feeding duration. Improvements in the quality of antenatal and perinatal support could have a substantial impact on mother and
infant health.

• There are specific and innate immune factors present in human milk that provide specific protection against pathogens in the
mother’s environment. In addition, immune factors in milk provide protection against infections such as H influenzae, S pneu-
moniae, V cholerae, E coli, and rotavirus. 

• Not breastfeeding is associated with health risks for both mothers and infants. Epidemiologic data suggest that women who do
not breastfeed face higher risk of breast and ovarian cancer, obesity, type 2 diabetes, metabolic syndrome, and cardiovascular
disease.

• Patient perception of clinician opinion is directly associated with breastfeeding duration. A Massachusetts study found that just
8% of physicians believed their advice on breastfeeding practices was important, but more than one-third of mothers reported that
their provider’s advice on this subject was important.

• The Baby Friendly Hospital Initiative has been widely implemented throughout the world, reaching more than 15,000 maternity
hospitals in 134 countries, although routine practices in many maternity hospitals are not supportive of breastfeeding. Obstetri-
cians who counsel on breastfeeding can help eliminate outdated practices and provide evidence-based support on behalf of 
breastfeeding.

6. RIOG0093_12-10.qxd  12/10/09  8:59 PM  Page 230



The Risks of Not Breastfeeding

VOL. 2 NO. 4  2009    REVIEWS IN OBSTETRICS & GYNECOLOGY 231

infant feeding and cognitive development.
Paediatr Perinat Epidemiol. 2000;14:349-356.

31. Jain A, Concato J, Leventhal JM. How good is
the evidence linking breastfeeding and intelli-
gence? Pediatrics. 2002;109:1044-1053.

32. Dewey KG, Cohen RJ, Brown KH, et al. Effects of
exclusive breastfeeding for four versus six
months on maternal nutritional status and infant
motor development: results of two randomized
trials in Honduras. J Nutr. 2001;131:262-267.

33. Kramer MS, Aboud F, Mironova E, et al. Breast-
feeding and child cognitive development: new
evidence from a large randomized trial. Arch
Gen Psychiatry. 2008;65:578-584.

34. Simmer K, Patole S, Rao SC. Longchain polyun-
saturated fatty acid supplementation in infants
born at term. Cochrane Database Syst Rev.
2008(1):CD00037.

35. McVea KL, Turner PD, Peppler DK. The role of
breastfeeding in sudden infant death syndrome.
J Hum Lact. 2000;16:13-20.

36. American Academy of Pediatrics Task Force on
Sudden Infant Death Syndrome. The changing
concept of sudden infant death syndrome: diag-
nostic coding shifts, controversies regarding the
sleeping environment, and new variables to
consider in reducing risk. Pediatrics. 2005;116:
1245-1255.

37. Chen A, Rogan WJ. Breastfeeding and the risk of
postneonatal death in the United States. Pedi-
atrics. 2004;113:e435-e439.

38. Penders J, Thijs C, Vink C, et al. Factors influ-
encing the composition of the intestinal micro-
biota in early infancy. Pediatrics. 2006;118:
511-521.

39. Forchielli ML, Walker WA. The role of gut-
associated lymphoid tissues and mucosal de-
fence. Br J Nutr. 2005;93(suppl 1):S41-S48.

40. Indrio F, Ladisa G, Mautone A, et al. Effect of a
fermented formula on thymus size and stool pH
in healthy term infants. Pediatr Res. 2007;62:
98-100.

41. Gdalevich M, Mimouni D, Mimouni M. Breast-
feeding and the risk of bronchial asthma in
childhood: a systematic review with meta-
analysis of prospective studies. J Pediatr.
2001;139:261-266.

42. Gdalevich M, Mimouni D, David M, et al. 
Breast-feeding and the onset of atopic dermatitis
in childhood: a systematic review and meta-
analysis of prospective studies. J Am Acad Der-
matol. 2001;45:520-527.

43. Kostraba JN, Cruickshanks KJ, Lawler-Heavner J,
et al. Early exposure to cow’s milk and solid
foods in infancy, genetic predisposition, and risk
of IDDM. Diabetes. 1993;42:288-295.

44. Norris JM, Scott FW. A meta-analysis of infant
diet and insulin-dependent diabetes mellitus: do
biases play a role? Epidemiology. 1996;7:87-92.

45. Gerstein HC. Cow’s milk exposure and type I
diabetes mellitus. A critical overview of the
clinical literature. Diabetes Care. 1994;17:13-19.

46. Akerblom HK, Virtanen SM, Ilonen J, et al.
Dietary manipulation of beta cell autoimmunity
in infants at increased risk of type 1 diabetes: a
pilot study. Diabetologia. 2005;48:829-837.

47. Greaves MF. Speculations on the cause of child-
hood acute lymphoblastic leukemia. Leukemia.
1988;2:120-125.

48. Kwan ML, Buffler PA, Abrams B, et al. Breast-
feeding and the risk of childhood leukemia:
a meta-analysis. Public Health Rep. 2004;119:
521-535.

49. Kvale G, Heuch I. Lactation and cancer risk: is
there a relation specific to breast cancer? J Epi-
demiol Community Health. 1988;42:30-37.

50. Michels KB, Willet WC, Rosner BA, et al.
Prospective assessment of breastfeeding and
breast cancer incidence among 89,887 women.
Lancet. 1996;347:431-436.

51. Bernier MO, Plu-Bureau G, Bossard N, et al.
Breastfeeding and risk of breast cancer: a meta-
analysis of published studies. Hum Reprod Up-
date. 2000;6:374-386.

52. Lipworth L, Bailey LR, Trichopoulos D. History of
breast-feeding in relation to breast cancer risk: a
review of the epidemiologic literature. J Natl
Cancer Inst. 2000;92:302-312.

53. London SJ, Colditz GA, Stampfer MJ, et al. 
Lactation and risk of breast cancer in a cohort of
US women. Am J Epidemiol. 1990;132:17-26.

54. Tryggvadóttir L, Tulinius H, Eyfjord JE, et al.
Breastfeeding and reduced risk of breast cancer
in an Icelandic cohort study. Am J Epidemiol.
2001;154:37-42.

55. Lee SY, Kim MT, Kim SW, et al. Effect of lifetime
lactation on breast cancer risk: a Korean
women’s cohort study. Int J Cancer. 2003;105:
390-393.

56. Collaborative Group on Hormonal Factors in
Breast Cancer. Breast cancer and breastfeeding:
collaborative reanalysis of individual data from
47 epidemiological studies in 30 countries, in-
cluding 50302 women with breast cancer and
96973 women without the disease. Lancet.
2002;360:187-195.

57. Stuebe AM, Willet WC, Xue F, et al. Lactation
and incidence of premenopausal breast cancer: a
longitudinal study. Arch Intern Med. 2009;169:
1364-1371.

58. Danforth KN, Tworoger SS, Hecht JL, et al.
Breastfeeding and risk of ovarian cancer in two
prospective cohorts. Cancer Causes Control.
2007;18:517-523.

59. Cramer DW, Titus-Ernstoff L, McKolanis JR, 
et al. Conditions associated with antibodies
against the tumor-associated antigen MUC1 and
their relationship to risk for ovarian cancer.

Cancer Epidemiol Biomarkers Prev. 2005;14:
1125-1131.

60. Stuebe AM, Rich-Edwards JW. The reset hypoth-
esis: lactation and maternal metabolism. Am J
Perinatol. 2009;26:81-88.

61. Dewey KG, Heinig MJ, Nommsen LA. Maternal
weight-loss patterns during prolonged lactation.
Am J Clin Nutr. 1993;58:162-166.

62. Stuebe AM, Rich-Edwards JW, Willett WC, et al.
Duration of lactation and incidence of type 2
diabetes. JAMA. 2005;294:2601-2610.

63. Stuebe AM, Michels KB, Willett WC, et al.
Duration of lactation and incidence of myocar-
dial infarction in middle to late adulthood. Am J
Obstet Gynecol. 2009;200:138.e1-e8.

64. Ram KT, Bobby P, Hailpern SM, et al. Duration of
lactation is associated with lower prevalence of
the metabolic syndrome in midlife-SWAN, the
study of women’s health across the nation. Am J
Obstet Gynecol. 2008;198:268.e1-e6.

65. Schwarz EB, Ray RM, Stuebe AM, et al. Duration
of lactation and risk factors for maternal
cardiovascular disease. Obstet Gynecol. 2009;
113:974-982.

66. Taveras EM, Li R, Grummer-Strawn L, et al.
Mothers’ and clinicians’ perspectives on breast-
feeding counseling during routine preventive
visits. Pediatrics. 2004;113:e405-e411

67. DiGirolamo AM, Grummer-Strawn LM, Fein SB.
Do perceived attitudes of physicians and hospi-
tal staff affect breastfeeding decisions? Birth.
2003;30:94-100.

68. Hartley BM, O’Connor ME. Evaluation of the
‘Best Start’ breast-feeding education program.
Arch Pediatr Adolesc Med. 1996;150:868-871.

69. Howard C, Howard F, Lawrence R, et al. Office
prenatal formula advertising and its effect on
breast-feeding patterns. Obstet Gynecol. 2000;95:
296-303.

70. Pang WW, Hartmann PE. Initiation of human
lactation: secretory differentiation and secretory
activation. J Mammary Gland Biol Neoplasia.
2007;12:211-221.

71. Newton M, Newton NR. The let-down reflex in
human lactation. J Pediatr. 1948;33:698-704.

72. Cregan MD, Mitoulas LR, Hartmann PE. Milk
prolactin, feed volume and duration between feeds
in women breastfeeding their full-term infants
over a 24 h period. Exp Physiol. 2002;87:207-214

73. Keefe MR. The impact of infant rooming-in on
maternal sleep at night. J Obstet Gynecol Neona-
tal Nurs. 1988;17:122-126.

74. Philipp BL, Merewood A. The Baby-Friendly
way: the best breastfeeding start. Pediatr Clin
North Am. 2004;51:761-783, xi.

75. Moore ER, Anderson GC, Bergman N. Early skin-
to-skin contact for mothers and their healthy
newborn infants. Cochrane Database Syst Rev.
2007;(3):CD003519.

6. RIOG0093_12-10.qxd  12/10/09  8:59 PM  Page 231




