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     Key Points 

    While there are many established short-term bene fi ts of breastfeeding for infant nutrition and • 
health, the potential long-term bene fi ts regarding chronic disease and cancer morbidity in adult-
hood, including risk of breast cancer, are still unclear.  
  In this chapter, we review the epidemiologic evidence regarding the association between being • 
breastfed in infancy and risk of short-term and long-term health outcomes, focusing speci fi cally on 
adult breast cancer.  
  Few studies have investigated the relation between feeding practices in infancy and adult health. • 
No overall association has been found for incidence of all cancers or any individual cancer type. 
The existing data on infant feeding practices in relation to breast cancer risk are not suf fi cient to 
con fi rm or refute any protective or harmful effect of having been breastfed on breast cancer risk, 
and additional studies are needed. Published studies have suffered from several methodological 
limitations including recall bias, misclassi fi cation of exposure, lack of control for confounding, 
small numbers, and limited variation in exposure.  
  Until more de fi nitive studies are conducted, health professionals should avoid informing their • 
patients about a possible link between infant feeding and breast cancer while continuing to stress 
the many established bene fi ts of breastfeeding for both infant and mother.     
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   Introduction 

 There has been considerable interest in the health-related bene fi ts of breastfeeding for the infant. 
While there are many established short-term bene fi ts of breastfeeding for infant nutrition and health  [  1  ] , 
the potential long-term bene fi ts regarding chronic disease and cancer morbidity in adulthood,  including 
risk of breast cancer, are still unclear. In this chapter, we review the epidemiologic evidence regarding 
the association between being breastfed in infancy and risk of short-term and long-term health out-
comes, focusing speci fi cally on adult breast cancer. We also present the results of a meta-analysis of 
published studies on breastfeeding in infancy and risk of adult breast cancer, updating a 2005 meta-
analysis on this topic  [  2  ] . Finally, we make recommendations for improving future epidemiologic 
studies that investigate the effects of exposure to breast milk in infancy on longer-term health. 

 Most pediatric and nutritional organizations in the US recommend exclusive breastfeeding 1  for the 
 fi rst 6 months of life, and breastfeeding with nutritionally adequate and complementary foods for at 
least 12 months  [  3  ] . The World Health Organization (WHO) recommends extending the latter time 
period for  up to 2 years of age or beyond   [  4  ] . The prevalence of breastfeeding in the US is lower than 
in Western Europe and other nations. In the US, ~33–36% of infants are breastfeeding at 6 months of 
age, and 17–20% of infants are breastfeeding at 12 months of age whereas worldwide, 79% of infants 
are still breastfeeding at 12 months  [  3  ] . 

 Most literature on the health effects of being breastfed in infancy pertain to short-term health 
effects and illnesses in childhood. In a 2007 review  [  1  ]  of published literature regarding the effects of 
breastfeeding on child health outcomes, exposure to breast milk in infancy was associated with a 
reduced risk of acute otitis media, nonspeci fi c gastroenteritis, necrotizing enterocolitis, respiratory 
tract infections, atopic dermatitis, early-onset asthma, childhood obesity, type 1 diabetes, childhood 
leukemia, and sudden infant death syndrome (SIDS)  [  1  ] . There was no conclusive evidence for an 
effect of breastfeeding on infant mortality or cognitive performance  [  1  ] , and subsequent studies have 
continued to produce inconsistent results  [  5–  13  ] . None of the studies explicitly examined the differ-
ence between “direct breastfeeding” (infant suckling at mother’s nipple) and “feeding of expressed 
breast milk.” Moreover, de fi nitions of “exclusive breastfeeding” varied widely in the literature. Almost 
all studies were nonexperimental (observational), which are susceptible to confounding and several 
biases, and there was a wide range in data quality across the different studies  [  1  ] . In addition, publica-
tion bias could not be ruled out. In contrast to the  fi ndings from observational studies, a recent cluster-
randomized trial in Belarus—the Promotion of Breastfeeding Intervention Trial (PROBIT)—showed 
a positive in fl uence of prolonged and exclusive breastfeeding on childhood cognitive performance 
 [  14  ] , but no effect on asthma and allergy  [  15  ]  or childhood obesity  [  16  ] , when infants were followed 
up until age 6.5 years. Furthermore, no differences were observed for child behaviors (e.g., conduct 
problems, hyperactivity, peer problems) or mothers’ satisfaction with interpersonal relationships, 
though mothers in the intervention group were more likely to breastfeed their next child  [  17  ] . 

 The inconsistent results across observational and experimental data suggest that bias and residual 
confounding due to socioeconomic factors may explain some of the  fi ndings in previous observational 
studies. However, experimental data are not without their own limitations, including potential for bias 
due to nonadherence; confounding and chance variation (when samples are small); reduced generaliz-
ability (when con fi ned to speci fi c groups based on age, ethnicity, and geography); and inappropriate 
intervention (e.g., inaccurate or narrow range of exposure)  [  18  ] . Thus, differences between experi-
mental and observational data do not necessarily re fl ect the limitations of observational studies  [  18  ] . 

 Few studies have investigated the relation between feeding practices in infancy and adult health. 
Meta-analyses and systematic reviews of observational studies indicate that having been breastfed 
may reduce total cholesterol levels  [  19  ]  and diastolic blood pressure  [  20  ] , and lower risk of type 2 

   1   WHO de fi nes “exclusive breastfeeding” as no other food or drink, not even water, except breast milk (including 
expressed milk or milk from a wet nurse), but allows the infant to receive oral vitamins, minerals, and medicines.  
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diabetes  [  21  ]  and obesity  [  22  ]  in adulthood. No overall association has been found for incidence of all 
cancers or any individual cancer type  [  2  ] . However, with respect to infant feeding practices and risk 
of adult breast cancer, the results are less clear. 

 The characteristics of published studies assessing the association between exposure to breast milk 
in infancy and breast cancer are presented in Table  21.1   [  2,   23–  36  ] . Eleven of these studies—three 
cohort studies  [  2,   26,   28  ] , seven case–control studies  [  25,   27,   30,   31,   33,   35,   36  ] , and one cross-sectional 
study  [  32  ]  were included in a meta-analysis of reports published before 2006  [  2  ] . Penrose et al.  [  29  ]  
was omitted from meta-analysis because it compared odds of familial vs. sporadic breast cancer among 
exposed and unexposed women. The authors concluded that being breastfed in infancy was unrelated 
to overall risk of breast cancer and to risk among postmenopausal women, but was inversely associated 
with  premenopausal  breast cancer (RR = 0.88, 95% CI = 0.79–0.98)  [  2  ] . Most studies relied on the 
long-term recall or reporting of infant feeding practices among participants who were questioned  after  
the diagnosis of breast cancer, introducing potential for recall bias. However, the three cohort studies, 
which used prospectively ascertained exposure information or used mothers’ reports about breastfeed-
ing to validate exposure data, found no evidence of an association overall or by menopausal status 
 [  2,   26,   28  ] . Since 2006, three additional case–control studies have been published on this topic  [  23,   24,  
 34  ] . Two of these newest studies supported an inverse association overall  [  23,   24  ] ; one found a stronger 
inverse association among premenopausal women  [  24  ] , and the other did not examine differences by 
menopausal status  [  23  ] . The third new study, based on a substantially larger number of cases, showed 
little evidence of an association overall or by menopausal status [ 34 ].  

 We updated the inverse-variance  fi xed-effect meta-analysis of published studies on infant feeding 
practices and risk of breast cancer (through August 2011) using the same search criteria as Martin 
et al.,  [  2  ]  and the “metan” command in STATA (Figs.  21.1 ,  21.2 , and  21.3 )  [  37  ] . The I 2  statistic was 
computed to estimate the degree of heterogeneity between studies that is not dependent on the number 
of studies, where an I 2  value of 0% indicates no between-study heterogeneity  [  37  ] . Consistent with 
Martin et al.,  [  2  ]  the updated meta-analysis showed a weak inverse association among all women 
(RR = 0.94, 95% CI: 0.89, 0.99) (Fig  21.1 ), an inverse association among premenopausal women 
(RR = 0.88, 95% CI: 0.78, 0.98) (Fig  21.2 ), and no association among postmenopausal women (RR = 0.98, 
95% CI: 0.91, 1.05) (Fig  21.3 ). The I 2  tests indicated no statistically signi fi cant between-study hetero-
geneity in parameter estimates, albeit the studies among premenopausal women displayed a much 
higher degree of heterogeneity (premenopausal: I 2  = 53.9%,  p  = 0.07; postmenopausal: I 2  = 18.4%, 
 p  = 0.30). Thus, the published reports to date indicate a possible inverse association with premeno-
pausal breast cancer, and no evidence of an association with postmenopausal breast cancer. However, 
given that the largest and most methodologically sound studies to date produced null results—a US 
prospective cohort study that used maternal reports to validate breastfeeding  [  28  ] , a British prospec-
tive cohort study that also relied on maternal reports provided on average 7 years after birth  [  2  ] , and 
a large case–control study of more than 3,700 cases  [  34  ] —it seems premature to conclude that having 
been breastfed reduces the risk of premenopausal breast cancer.    

 The exact mechanism(s) by which early life exposure to breast milk might in fl uence adult breast 
cancer risk is unclear. Breast milk contains the optimal balance of fats, proteins, and carbohydrates for 
infant nutrition, as well as various immunologic and growth factors, providing bene fi ts for child 
immunity, growth, and development  [  38  ] . However, breast milk also contains environmental toxi-
cants (e.g., organochlorines and heavy metals) due to inadequately controlled pollution  [  38–  41  ] . Initial 
interest in a viral etiology for human breast cancer was generated by animal studies showing that mam-
mary tumors in certain strains of mice could be caused by a tumor virus transmitted via breast milk 
 [  42  ] . Early studies hypothesized that viral transmission through breastfeeding explained the elevated 
risk found in women whose mothers had developed breast cancer  [  25,   29,   32  ] . More recent reports of 
an inverse association between exposure to breast milk and breast cancer led to the hypothesis that 
anti-apoptotic milk proteins (e.g.,  a -lactalbumin)  [  43  ] , progesterone and gonadotropin-releasing hor-
mones  [  44  ] , or reduced cytochrome P4501A activity may mediate the association  [  45  ] . Breast milk 
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  Fig. 21.1    Forest plot displaying an inverse-variance weight  fi xed-effect meta-analysis of studies on breastfeeding in 
infancy and risk of breast cancer: all women. Relative risks (ES) and 95% con fi dence intervals (CI) for breast cancer 
incidence, comparing women who were ever versus never breastfed in infancy. The study author and year of publication 
are indicated on the y-axis (ordered by type of study and year of publication). The box for each study is proportional to 
the inverse of the variance; horizontal lines show 95% CIs for each study-speci fi c RR. The pooled estimate is shown at 
the bottom by a dashed vertical line (RR) and diamond (95% CI)       

likely contains both chemo-protective and harmful agents, making it dif fi cult to identify its direct 
in fl uence on breast cancer risk. 

 In summary, the existing data are not suf fi cient to con fi rm or refute any protective or harmful effect 
of having been breastfed on breast cancer risk, and additional studies are needed. Published studies 
have suffered from several methodological limitations and future studies could be improved by using 
a prospective design (to avoid recall bias); collecting detailed exposure data on breastfeeding patterns 
(e.g., duration of breastfeeding, exclusivity of breastfeeding, and type of feeding: suckling vs. 
expressed milk); collecting data on a wide range of potential confounders including infant and paren-
tal characteristics; enrolling a large sample with suf fi cient numbers of premenopausal and postmeno-
pausal cases; enumerating a study population with wide variation in the prevalence of breastfeeding; 
and conducting validation studies of breastfeeding reports using both participant and maternal data. For 
example, family studies of siblings with different breastfeeding histories would be particularly useful to 
adjust for confounding by social, environmental, and familial factors. Over a longer period of time, 
experimental studies that can rule out confounding such as PROBIT—albeit expensive to implement—
could answer a broad range of questions about the long-term health bene fi ts of breastfeeding  [  1  ] . 
In addition, the inclusion of new breastfeeding questions on the 2003 National Immunization Survey 
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  Fig. 21.2    Forest plot displaying an inverse-variance weight  fi xed-effect meta-analysis of studies on breastfeeding in 
infancy and risk of breast cancer: premenopausal women       

  Fig. 21.3    Forest plot displaying an inverse-variance weight  fi xed-effect meta-analysis of studies on breastfeeding in 
infancy and risk of breast cancer: postmenopausal women       
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 [  46  ]  (on initiation, duration, and exclusivity of breastfeeding) could provide useful data not only on 
breastfeeding trends, but also on the long-term health effects of being breastfed. 

 Health care professionals continue to play an important role in promoting breastfeeding by providing 
up-to-date information to pregnant and postpartum women, removing institutional barriers to breast-
feeding, and advocating for policies that support breastfeeding as the norm for infant feeding  [  3  ] . 
Until more de fi nitive studies are conducted, health professionals should avoid informing their patients 
about a possible link between infant feeding and breast cancer while continuing to stress the many 
established bene fi ts of breastfeeding for both infant and mother.      
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