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Abstract
Biological mechanisms could support both an inverse and a direct association between exposure to
breast milk in infancy and the risk of cancer. Having been breast-fed has been investigated in relation
to the risk of breast and other cancer sites, and conflicting results have been reported. The association
between infant feeding and the risk of endometrial cancer has not been explored. From 1976 to 2004,
we followed 74,757 cancer-free participants in the Nurses’ Health Study who had not undergone
hysterectomy. Information on infant feeding was self-reported by study participants. A total of 708
incident cases of endometrial cancer were diagnosed during follow-up. After adjusting for age, family
history of endometrial cancer, birth weight, premature birth, and birth order, the incidence of
endometrial cancer was not associated with ever having been breast-fed (hazards ratio, 0.94; 95%
confidence interval, 0.79–1.11) or duration of having been breast-fed [hazards ratio (95% confidence
interval): 1.11 (0.80–1.54), 0.84 (0.62–1.13), 1.02 (0.79–1.31), respectively, for ≤3, 4–8, and ≥9
months of having been breastfed; P for trend = 0.88]. There was no significant effect modification
by menopausal status, anthropometric factors (somatotype at age 5 or 10 years, body mass index at
age 18 years, or current body mass index), or by other early-life exposures (birth weight, premature
birth or exposure to parental smoking in childhood). Additional adjustment for adulthood risk factors
of endometrial cancer did not materially change the results. Having been breast-fed was not
associated with the incidence of endometrial cancer in this cohort, but statistical power for analyses
restricted to premenopausal women was limited.

Introduction
Endometrial cancer is the most common invasive gynecologic cancer among U.S. women, with
39,080 new cases projected to occur in 2007 (1). Incidence of endometrial cancer is highest in
North America and lowest in Asian countries (2). Most epidemiologic investigations of the
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etiology of endometrial cancer have concentrated on events during women’s reproductive
years. In these studies, late menopause, anovulation, nulliparity, obesity, metabolic syndrome,
endogenous estrogens, estrogen-only postmenopausal hormone use, and tamoxifen use have
been associated with an increased risk of endometrial cancer, and smoking and combined oral
contraceptive use have been associated with a decreased risk of endometrial cancer (2).
Observations of a link between intrauterine exposure to radiation and the incidence of leukemia
and other tumors in childhood (3), as well as the association between intrauterine exposure to
diethylstilbestrol and vaginal adenocarcinoma in adolescence (4), suggested that
carcinogenesis may begin as early as the prenatal period. Birth weight, one of the most
frequently studied early-life exposures, has been associated with the risk of breast cancer (5),
testicular cancer (6), and leukemia (7), possibly because birth weight is a marker of intrauterine
exposure to estrogen and insulin-like growth factor-I, or epigenetic programming (5).

Early nutrition is an important stimulus for lifelong programming of metabolism and growth
and may have important effects on chronic disease processes (8,9). Infant feeding is another
early-life exposure that may influence subsequent cancer risk. It was hypothesized in 1930 that
an oncogenic virus transmitted in milk may cause subsequent breast cancer among offspring
(10). Besides, children who were breast-fed during infancy were found to have taller stature
in childhood and adulthood (11,12) and higher circulating levels of insulin-like growth factor-
I (13) later in childhood than infants who were bottle-fed; both tall stature and high insulin-
like growth factor-I levels may affect future cancer risk. On the other hand, as a source of
balanced nutrient composition and a number of conditionally essential nutrients, human breast
milk also provides different types of bioactive factors, such as enzymes and hormones, which
may decrease future risk of cancer. For instance, human breast milk contains multimeric α-
lactalbumin, a potent apoptosis-inducing agent (14,15). Human breast milk also contains
progesterone and gonadotropin-releasing hormones, which may counteract prenatal exposure
to estrogen and suppress premature development of female reproductive organs (16). Studies
investigating the association between being breast-fed during infancy and the risk of cancer
later in life (including all cancer in general, breast cancer, testicular cancer, prostate cancer,
colorectal cancer, and gastric cancer) have reported conflicting results but largely null
associations (17). To our knowledge, the association between being breast-fed in infancy and
the incidence of endometrial cancer has not yet been studied.

Using data from 28 years of follow-up of women participating in the Nurses’ Health Study
(NHS), we examined the association between being breast-fed in infancy and the incidence of
endometrial cancer later in life and whether this association was modified by menopausal
status, subsequent anthropometric factors, or early-life exposures.

Materials and Methods
Study Population: NHS

NHS was established in 1976, initially to investigate the potential long-term consequences of
the use of oral contraceptives, potent drugs that were being prescribed to hundreds of millions
of normal women. Participants were married registered nurses ages 30 to 55 years in 1976,
who lived in the 11 most populous U.S. states. Of 170,000 female registered nurses, 121,700
responded to the baseline questionnaire on their health status and on major illnesses.
Participants have received follow-up questionnaires biennially by mail to update information
on demographic factors, anthropometric factors, lifestyle factors, and newly diagnosed disease.
For the present analysis, we excluded women with missing data on being breast-fed in infancy,
women with prevalent endometrial cancer cases at baseline, and women with hysterectomy
before or at baseline. During follow-up, we censored women with in situ endometrial cancer
or invasive endometrial cancer, women with hysterectomy, and women who died or were lost
to follow-up. Among all women who met the other eligibility criteria (n = 103,183), 74,757
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(72.5%) who provided information on whether they have ever been breast-fed were included
in the study at baseline in 1976, and 1,747,137 eligible person-years of follow-up accumulated
among them from 1976 to 2004. Of the 74,757 women with information on ever being breast-
fed, 46,719 (62.5%) provided information on the duration of being breast-fed and were included
in the analysis of duration of being breast-fed. Based on eligible person-years, the follow-up
rate for the entire eligible cohort in our study from 1976 to 2004 was 92%. This study was
approved by the institutional review board at the Brigham and Women’s Hospital.

Assessment of Being Breast-fed in Infancy
On the 1992 questionnaire, we asked participants whether they were breast-fed during infancy.
For those who reported that they were breast-fed, we assessed the duration of breast feeding
in four categories, that is, not sure, 3 months or less, 4 to 8 months, and 9 months or more. A
considerable number of women who reported that they were breast-fed did not report duration.
The accuracy of self-reports of having been breast-fed has been examined in a validation study
in the cohort of NHS II, which has been organized and followed using the same strategy as
NHS (18). When comparing self-report of the nurse participants of ever having been breast-
fed with their mothers’ report in a sample of 538 participants and their mothers, the sensitivity
was 82% and the specificity was 86%. For duration of being breast-fed, the Spearman
correlation coefficient between mothers’ and daughters’ reports was 0.74.

Assessment of Endometrial Cancer
On each biennial questionnaire, all participants were asked whether they had been newly
diagnosed with endometrial cancer during the previous 2 years. The National Death Index was
also routinely searched for deaths among women who did not respond to the questionnaires.
For endometrial cancer cases reported by women or reported by the next of kin for those who
had died, permission was requested to review the relevant medical records. Study physicians
reviewed all the medical records and pathologic reports to confirm their diagnosis. Cases
included in our study were invasive epithelial endometrial cancer patients with stage equal to
or greater than IB in the International Federation of Gynecology and Obstetrics staging system.

Assessment of Other Covariates
At baseline and during follow-up, we inquired about a variety of personal characteristics,
including reproductive factors and lifestyle factors, many of which are risk factors of
endometrial cancer. Age, age at menarche, age at first birth, and height were queried at baseline
in 1976. Other early-life exposures, including premature birth (2+ weeks premature) and birth
weight, were assessed in 1992, and birth order was queried in 2004. Contraceptive use and
pregnancy history were updated biennially until 1984, when most women had passed
reproductive age. Age at last birth was derived from updated pregnancy history. Menopause
status, postmenopausal hormone use, and amount and status of current smoking were updated
biennially until 2002. Pack-years of smoking were derived by multiplying the number of packs
per day (1 pack = 20 cigarettes) by the number of years over which that quantity was smoked.
Tamoxifen use was updated biennially from 1994 to 1998. Frequency and duration of leisure-
time physical activities were assessed and updated biennially from 1980 to 2000. Current
weight was assessed biennially from 1976 to 2002. Weight at age 18 years was assessed in
1980. Current body mass index (BMI) and BMI at age 18 years were calculated as weight (kg) /
height2 (m2) using updated current weight and weight at age 18 years, respectively. Somatotype
(body fatness) at ages 5 and 10 years was indicated on the 1988 questionnaire, when participants
were asked to recall their body shape using a nine-level figure drawing originally developed
by Stunkard et al. (19). Maternal vital status and family history of endometrial cancer was
asked only once in 1996. All variables assessed repeatedly were updated in the analysis.
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Statistical Analysis
The association between being breast-fed in infancy and the incidence of endometrial cancer
was analyzed using a Cox proportional hazards model. Being breast-fed in infancy was assessed
as ever being breast-fed (yes/no) and duration of being breast-fed (never, ≤3 months, 4–8
months, ≥9 months). Women with missing data on or who were unsure about how long they
were breast-fed were excluded from the analysis on duration of being breast-fed. Linear trend
of the association between duration of being breast-fed and the incidence of endometrial cancer
was assessed using an ordinal variable valued according to the approximate midpoint of each
duration category (0, 2, 6, and 12 months). Both age-adjusted and covariate-adjusted analyses
were done. Three covariate-adjusted models were pursued in the analysis. In the first model
(covariate-adjusted I), we adjusted only for family history of endometrial cancer and other
early-life exposures, including birth order (1st, 2nd, 3rd, 4th or above), birth weight (<5.5, 5.5–
6.9, 7–8.4, ≥8.5 lb), and premature birth (yes, no), in addition to age (continuous). In the second
covariate-adjusted model (covariate-adjusted II), we also included other established or
potential risk factors of endometrial cancer, including age at menarche (≤10, 11, 12, 13, 14,
15+ years), current and past contraceptive use (never, past <5 years, past ≥5 years, current <5
years, current ≥5 years), parity (1, 2, 3, 4+), age at first birth (≤24, 25–30, 30+ years), age at
last birth (≤24, 25–29, 30–34, 35–40, >40 years), physical activity [<3, 3–8, 9–17, 18–26, 27–
41, 42+ metabolic equivalents (20) per week], cigarette smoking (never, 1–20, 21–40, 41+
pack-years), tamoxifen use (never, past and <5 years, past and ≥5 years, current and<5 years,
current and ≥5 years), menopause status (yes, no), age at menopause (<50, 50–52, 53+ years),
and postmenopausal hormone use (never, past and<5 years, past and ≥5 years, current and <5
years, current and ≥5 years), in addition to covariates in multivariate-adjusted I. In the third
model (multivariate-adjusted III), we additionally adjusted for anthropometric factors later in
life, including somatotype at ages 5 and 10 years (ranked from 1 to 9), BMI at age 18 years,
and current BMI (continuous in kg/m2). Although multivariate-adjusted II and III models have
better goodness of fit due to additional adjustment for potential risk factors for endometrial
cancer, these factors occur after being breast-fed during infancy and may mediate the effect of
being breast-fed on endometrial cancer risk. Therefore, we rely on multivariate-adjusted II and
III analysis to assess the direct effect of being breast-fed during infancy independent of these
subsequent events. Adjustment for early-life exposures preceding infant feeding and for family
history provides an estimate of the overall effect of being breast-fed during infancy.

Because being breast-fed during infancy was not queried until 1992, the follow-up from 1976
to 1992 is retrospective regarding the evaluation of exposure. To assess the potential recall bias
as a result of retrospective assessment of being breast-fed, we restricted our analysis to follow-
up from 1992 to 2004 in a sensitivity analysis and compared the results with the primary
analysis using the entire follow-up from 1976 to 2004.

We also evaluated whether the association between being breast-fed and endometrial cancer
risk varied by menopausal status, anthropometric factors including somatotype at age 5 and 10
years, BMI at age 18 years and current BMI, and other early-life exposures, including birth
weight and parental smoking in childhood through stratified analysis. The Wald test on the
cross-products between being breast-fed and potential effect modifiers was used to assess the
statistical significance of interactions.

Results
In the age-standardized analysis, when compared with women who were not breast-fed, women
who were breast-fed were slightly more likely to have a family history of endometrial cancer
(3.4% versus 2.8%) and to have been born before 1930 (35.9% versus 23.6%), and were less
likely to have been born after 1940 (17.8% versus 29.0%), to have been born prematurely (3.3%
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versus 6.8%), to be first-born (31.9% versus 41.4%), and to have ever smoked (54.0% versus
58.4%; Table 1).

A total of 708 incident cases of endometrial cancer were identified during the 28 years of
follow-up. In the overall analysis among the entire cohort, the incidence of endometrial cancer
was not associated with whether they had ever been breast-fed [hazards ratio (HR), 0.93; 95%
confidence interval (95% CI), 0.79–1.10] or duration of being breast-fed [HR (95% CI): 1.13
(0.81–1.57), 0.85 (0.63–1.15), 1.03 (0.80–1.32) for ≤3, 4–8, and ≥9 months, respectively; P
for trend = 0.93] in age-adjusted analysis (Table 2). When restricting the analysis to the follow-
up from 1992 to 2004, the effect estimates in age-adjusted analysis did not appreciably differ
from the primary analysis based on follow-up from 1976 to 2004 with respect to ever being
breast-fed (HR, 1.05; 95% CI, 0.86–1.29) or duration of being breast-fed [HR (95% CI): 1.30
(0.88, 1.91), 0.84 (0.57, 1.23), and 1.18 (0.87, 1.61) for ≤3, 4–8, and ≥9 months, respectively;
P for trend = 0.48]. Test for interaction also did not suggest significant heterogeneity with
regard to period of follow-up (1976–2004 versus 1992–2004) in the association between
endometrial cancer incidence and ever being breast-fed (P for interaction = 0.46) or duration
of being breast-fed (P for interaction = 0.29). When analyzing premenopausal (n = 99 cases)
and postmenopausal endometrial cancer (n = 601 cases) separately, women who were breast-
fed had a lower incidence of premenopausal endometrial cancer (HR, 0.70; 95% CI, 0.46–1.07)
although the difference was not statistically significant (Table 2). Being breast-fed during
infancy was not associated with postmenopausal endometrial cancer (HR, 1.01; 95% CI, 0.84–
1.21). The test for interaction with menopausal status was not statistically significant for ever
being breast-fed (P = 0.99) or duration of being breast-fed (P = 0.28). When the analysis was
restricted to the follow-up from 1992 to 2002, results remained essentially the same for ever
being breast-fed (HR, 0.77; 95% CI, 0.37–1.61) among premenopausal women, and for ever
being breast-fed (HR, 1.12; 95% CI, 0.90–1.40) and the duration of being breast-fed [HR (95%
CI): 1.39 (0.92–2.09), 0.93 (0.63–1.37), and 1.27 (0.92–1.75) for ≤3, 4–8, and ≥9 months,
respectively; P for trend = 0.23] among postmenopausal women (P for interaction = 0.46 and
0.09 for ever being breast-fed and duration of being breast-fed, respectively). The limited
number of cases among premenopausal women during follow-up from 1992 to 2004 (n = 4)
precluded further analysis on duration of being breast-fed among this subgroup. Results did
not differ substantially after additional adjustment for family history of endometrial cancer and
other early-life exposures (covariate-adjusted I), other potential risk factors of endometrial
cancer (covariate-adjusted II), or anthropometric factors later in life (covariate-adjusted III).

In age-adjusted analysis, the association between being breast-fed and endometrial cancer did
not vary by somatotype at age 5 years (P for interaction = 0.62 and 0.51 for ever being breast-
fed and duration of being breast-fed, respectively), somatotype at age 10 years (P for interaction
= 0.94 and 0.47 for ever being breast-fed and duration of being breast-fed, respectively), BMI
at age 18 years (P for interaction = 0.19 and 0.82 for ever being breast-fed and duration of
being breast-fed, respectively), or current BMI (P for interaction = 0.14 and 0.77 for ever being
breast-fed and duration of being breast-fed, respectively). When the analysis was stratified by
other early-life exposures, the association between being breast-fed and the incidence of
endometrial cancer was not modified by birth weight (P for interaction = 0.20 and 0.32 for
ever being breast-fed and duration of being breast-fed, respectively), premature birth (P for
interaction = 0.67 and 0.66 for ever being breast-fed and duration of being breast-fed,
respectively), or exposure to parental smoking in childhood (P for interaction = 0.19 and 0.20
for ever being breast-fed and duration of being breast-fed, respectively). The association also
did not differ between women who were first-born and women who were not (P for interaction
= 0.29 and 1.00 for ever being breast-fed and duration of being breast-fed, respectively). Results
were not substantially changed in age-adjusted analysis or covariate-adjusted analysis I to III.
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Discussion
We found no association between being breast-fed and the incidence of endometrial cancer.
Women who were breast-fed seemed to have a lower incidence of premenopausal endometrial
cancer than those who were never breast-fed, but the association was not statistically
significant. To our knowledge, this is the first study in which the association between having
been breast-fed in infancy and the risk of endometrial cancer has been addressed. Previous
studies have provided data regarding the association between being breast-fed and the risk of
cancer at other sites. Breast cancer has been intensively studied (17,21–31). A protective effect
of being breast-fed during infancy for breast cancer was reported by two population-based
case-control studies (24,25), but in subsequent studies, including two prospective cohort
studies (17,21), no association was found. Similarly, in studies on testicular cancer (32,33),
prostate cancer (17), colorectal cancer (17), gastric cancer (17), and all cancers combined
(17,29,34), no association with ever having been breast-fed or duration of being breast-fed
during infancy was detected. A meta-analysis by Martin et al. also supported a null association
between being breast-fed during infancy and the risk of all assessed cancer sites, except a
slightly reduced risk of premenopausal breast cancer among breast-fed women (summary RR,
0.88; 95% CI, 0.79–0.98; ref. 17).

Being breast-fed seemed to be associated with a decreased incidence of premenopausal but not
postmenopausal endometrial cancer, although the association was not statistically significant
and based on small number of premenopausal endometrial cancer cases. The same pattern has
been found in the birth weight–breast cancer association: birth weight was more strongly
associated with premenopausal than postmenopausal breast cancer (5). As carcinogenesis is a
multistage process that usually takes a long period of time, early-life exposures trigger or delay
the onset of this process at a young age and therefore may be more relevant to cancer with early
onset.

Based on 28 years of follow-up of 74,757 women in the NHS and 708 cases of endometrial
cancer, the present study has sufficient statistical power to detect a modest association, if it
exists. We also assessed a wide variety of potential risk factors of endometrial cancer and
several other early-life exposures as potential confounders or effect modifiers, and the
association was unchanged after adjusting for potential confounders or stratification by
anthropometric factors or other early-life exposures.

The incomplete assessment of infant feeding history, such as breast-feeding for more than 9
months and mixed feeding of breast milk and other supplement or solid food, may also limit
inference about the effect of long-term breast-feeding and exclusive breast-feeding. Another
potential limitation of the current study is the assessment of being breast-fed through
retrospective self-report of nurses, which is susceptible to random misclassification. Our
previous comparison of self-report of ever having been breast-fed with mother’s report showed
a high sensitivity (82%) and specificity (86%; ref. 18). For duration of being breast-fed, the
correlation between mothers’ and daughters’ reports was also high (r = 0.74; ref. 18). When
the data on being breast-fed were collected (1992), any potential link between being breast-
fed and the risk of endometrial cancer would not have been suspected; therefore, it is not likely
that endometrial cancer patients would have reported their history of being breast-fed
differentially from women without endometrial cancer. It is possible that cases of endometrial
cancer before 1992 may have been lost to follow-up and did not report the history of infant
feeding due to death or symptoms of the cancer. Nevertheless, because endometrial cancer was
shown not to be related to the history of infant feeding in the analysis based on prospective
follow-up from 1992 to 2004, loss to follow-up among cases in 1976 to 1992 should not result
in a bias in the effect estimate for being breast-fed in relation to the incidence of endometrial
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cancer. Compared with results from the analysis restricted to prospective follow-up from 1992
to 2004, our primary analysis results (follow-up from 1976 to 2004) did not differ substantially.

In conclusion, the results from the current study suggest that being breast-fed during infancy
does not play an important role in the etiology of endometrial cancer later in life; this finding
is consistent with previous studies suggesting a lack of association with other malignancies.
Although early-life exposures have been extensively studied in association with the risk of
breast cancer and some other malignancies, few data exist on their influence on endometrial
cancer risk. The current study is the first attempt to assess being breast-fed in relation to the
risk of endometrial cancer. Despite the large sample size, statistical power was limited to assess
the role of infant feeding for premenopausal women with endometrial cases. Further studies
with more comprehensive assessment of infant feeding and other early life exposures are
warranted to clarify the role of early life exposure in the etiology of endometrial cancer.
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