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Abstract
Background—Estrogens have a central role in the etiology of endometrial cancer. Milk and
dairy products are a source of steroid hormones and growth factors that might have physiological
effects in humans. We hypothesized that high intakes of milk and dairy products are associated
with an increased risk of endometrial cancer, particularly among postmenopausal women not
using hormone therapy.

Methods—This was a prospective cohort study with 68,019 female participants in the Nurses’
Health Study aged 34–59 in 1980. Milk and dairy consumption were assessed in 1980, 1984,
1986, 1990, 1994, 1998, and 2002 as servings per day and the follow-up continued through 2006.

Results—The multivariate relative risks of adenocarcinoma of the endometrium across
categories of cumulatively averaged total dairy consumption compared with < 1 svg/d were: 0.94
(95% CI 0.71–1.25) for 1–1.4 svg/day, 1.14 (0.87–1.49) for 1.5–1.9 svg/day, 1.10 (0.84–1.44) for
2–2.9 svg/day, 1.26 (0.94–1.70) for ≥3 svg/day) (p for trend= 0.06). The association between total
dairy intake and endometrial cancer was significant only among the post-menopausal women (for
≥3 svg/day RR = 1.41, 95% CI 1.01 – 1.98, p for trend=0.02) and was evident only among those
who were not currently using hormone therapy (RR = 1.58, 95% CI 1.05–2.36, p for trend=0.003).
Total dairy intake was not significantly associated with risk of pre-invasive endometrial cancer.

Conclusion—We observed a marginally significant overall association between dairy intake and
endometrial cancer and a stronger association among postmenopausal women who were not using
estrogen-containing hormones.
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INTRODUCTION
Estrogens mediate cellular growth and differentiation in both endometrial tissue and
mammary glands, and exposure to estrogens increase risks of breast and endometrial cancers
(1). Endometrial cancer is particularly sensitive and thus it can serve as a useful indicator of
estrogenic stimulation by diet or drugs (2). Milk contains measurable amounts of steroid
hormones, including estrogens (3), and thus milk consumption at critical points in life could
affect the risk of endometrial cancer. The seven-day feeding of ovariectomized adult and
sexually immature rats with commercially available low-fat milk (less than 1% fat content)
increased the weight of uteri almost as much as a 0.1-ug/ml estrone sulfate solution (3).
However, plasma estrogen levels in prepubertal girls remained similar before and after one
week and one month of milk feeding in our pilot studies (4).

To address the hypothesis that long term dairy consumption might increase the risk of
estrogen-sensitive cancers, we examined the relation of milk and dairy food consumption to
risk of endometrial cancer prospectively in a large population of women with long follow-up
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and repeated measures of diet. We specifically examined postmenopausal women not using
hormone therapy because an effect of diet would most likely be seen among those without
other major sources of sex hormones.

METHODS
Study Population

The Nurses’ Health Study cohort was established in 1976 when 121 700 female registered
nurses from 11 states in the USA between ages 30 and 55 answered a mailed questionnaire
on lifestyles and potential risk factors for cancer and other diseases. Follow-up
questionnaires have been mailed every two years to update the information on risk factors
and major medical events. The follow-up rate through 2006, as a percent of total possible
person-years, was 95%. Deaths in the cohort are identified by reports from family members
and the US Postal Service, and a search of the National Death Index; at least 98% of deaths
are ascertained (5).

The current study was approved by the Institutional Review Board at the Brigham and
Women’s Hospital. At 1980 baseline, we excluded women who had hysterectomy
(n=20,612), did not respond to 1980 food frequency questionnaire (FFQ) or had more than
10 missing items or a total energy intake <500 or >3500 kcal/day (n=28,487), had died
before 1980 (n=747), or had reported any type of cancer before 1980 (excluding
nomelanoma skin cancer, n=3,660). Since obesity is an important risk factor for endometrial
cancer, we also excluded women with missing body mass index (BMI) at baseline (n=166,
these women could reenter the analysis in subsequent cycles once information on BMI was
available). A total of 68,019 women remained for analysis.

Exposure Assessment—Diet was assessed by a semi-quantitative food frequency
questionnaire (FFQ) first administered in 1980. For each food item, the questionnaire
specified a common serving size. In 1980, dairy foods on the FFQ included low fat or skim
milk (8 oz glass, 240mL), whole milk (8 oz glass, 240mL), hard cheeses (slice or 1oz
serving, 28 g), cottage cheese (1/2 cup, 120mL), ice cream (1/2 cup, 120mL), yogurt (1 cup)
and butter (number of pats). An expanded food-frequency questionnaire (approximately 130
foods) was used in 1984 (6) and later years with additional questions assessing the intake of
sour cream (1 tablespoon, 15ml), cream (tablespoon, 15 ml), sherbet (1/2 cup, 120mL),
cream cheese (1 oz, 28g), and other cheese (1 oz, 28g). Dietary assessments were repeated in
1984, 1986, 1990, 1994, 1998 and 2002. For each item, participants were asked how often,
on average, they had consumed the specified amount of each beverage or food over the past
year. The participants could choose from nine pre-specified frequency categories (never, 1
to 3 per month, 1 per week, 2 to 4 per week, 5 to 6 per week, 1 per day, 2 to 3 per day, 4 to 5
per day, and 6 or more per day). For each food on the 1980 FFQ, participants were asked if
their use had greatly increased or decreased over the past 10 years. Details of the
semiquantitative FFQ and documentation of its reproducibility and validity have been
published elsewhere (6,7). Nutrient intakes (i.e. calcium, vitamin D, protein, alcohol) were
calculated based on the nutrient content of foods derived primarily from the US Department
of Agriculture sources and supplemented with data from food manufacturers and published
research. In a validation study among a subsample of our cohort, we found high correlations
between intakes assessed by FFQ and by diet records: 0.81 for skim or low-fat milk, 0.62 for
whole milk, 0.85 for butter, 0.73 for ice cream, 0.80 for cottage cheese, 0.57 for hard cheese,
0.85 for butter, and 0.94 for yogurt (6, 8).

Identification of endometrial cancer cases—On all biennial questionnaires,
participants were asked to report any new diagnosis of endometrial cancer. From June 1,
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1980 through May 31, 2006, a total of 1,385 women reported endometrial cancer. Medical
records including the diagnosis, histologic type, presence of invasion and stage were
obtained for 1,105 of these reports. Of these, 669 were classified as cases of invasive
adenocarcinoma. The primary reasons for exclusion were that the tumor was non-invasive
(n=316), non-epithelial (n=60) or a type of epithelial cancer (n=58) other than
adenocarcinoma (e.g., clear cell). Cases of carcinoma in situ were also not included in the
analysis. Endometrial carcinoma was further classified as well (grade 1), moderately (grade
2), or poorly (grade 3) differentiated.

Assessment of medical history, anthropometric data and other lifestyle
factors—On the 1976 initial NHS questionnaire, we requested information about age,
weight and height, smoking status, age at menarche, oral contraceptive use, birth history,
cessation of menses, use of postmenopausal hormone therapy, and personal history of other
diseases. This information (except height and menarche) has been updated on the biennial
follow-up questionnaires. Body mass index (BMI) was calculated as weight in kilograms
divided by the square of height in meters. Postmenopausal hormone (PMH) use and duration
of use in months were first asked in 1976. Beginning in 1978 and at each 2-year follow-up,
women were asked whether they currently used PMH, number of months used during the 24
months prior to the questionnaire, and the type of PMH.

Statistical Analysis—For each participant, we calculated person-months of follow-up
from the date of return of the baseline questionnaire to the date of endometrial cancer (or
cancer in situ), hysterectomy, death, or June 1, 2006, whichever came first. We quantified
total dairy products (in servings/d) by summing all milk products other than butter since it is
only fat and thus unlike other dairy products. Participants were classified according to levels
of total dairy consumption. Relative risks (RRs) and 95% confidence intervals (CIs) were
calculated using the lowest category of intake as the reference. Absolute zero consumption
of dairy did not exist for any of these women because some recipe-based food items, such as
sauces or bread, contain small amounts of milk. We used Cox regression models to examine
the association between dietary exposures and incidence of endometrial cancer. Hazard
ratios were used to estimate relative risk. To test for linear trends across categories, we used
the median of each level of total dairy consumption as a continuous variable.

To reduce within-subject variation and best represent long-term effect for diet, we used the
cumulative average of dietary intakes from all available dietary questionnaires up to the start
of each 2-year follow-up interval (9). For example, the total dairy intake from the 1980
questionnaire was used for the follow-up between 1980 and 1984, the average total dairy
intake from the 1980 and 1984 questionnaires were used for the follow-up between 1984
and 1986, the average of the 1980, 1984, and 1986 intakes was used for the follow-up
between 1986 and 1990 and so on. In alternative analyses, we also used simple updating (the
most recent dietary information before the event) to study short-term effects of dairy on
endometrial cancer.

Models were first adjusted for age and two-year follow up cycle. Total energy intake,
smoking status, oral contraceptive use, postmenopausal hormone use, age at menopause,
parity, age at last birth, age at menarche, hypertension, diabetes, height and body mass index
were included in multivariable proportional hazard models (see Table 2 footnote for
covariate categories). Age at menopause was defined as the age of the last menstrual period
or age at bilateral oophorectomy. Women with unknown menopausal status were considered
to be postmenopausal when they reached the age at which 90% of the women reached
natural menopause (that is age 56 if a nonsmoker, age 54 if a current smoker) (10).
Postmenopausal hormone use, including dose and duration of current use of conjugated
estrogen or estrogen plus progestin, were updated biennially.
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To assess whether the relationship between total dairy intake and endometrial cancer risk
varied across categories of other risk factors, we performed stratified analysis by PMH use
(never and past vs. current), smoking status (never vs. past/current) and BMI (BMI<30 vs.
BMI≥30kg/m2). We originally stratified by postmenopausal hormone use in categories of
never, past and current, and we then combined never and past together because they were
more similar, and both were different from current. We also calculated an interaction term
for each dichotomized variable by total dairy intake using the median of each category as a
continuous variable and evaluated the Wald statistic. SAS PROC PHREG with SAS version
8.2 was used for all analysis.

RESULTS
From June 1, 1980 through May 31, 2006, we ascertained 669 incident cases of invasive and
264 of pre-invasive adenocarcinomas among the 68,019 women who completed the baseline
dietary questionnaire and were eligible for analysis. Among the 669 cases of invasive
adenocarcinoma, 337 (50%) were classified as well differentiated, 231 (35%) as moderately
differentiated; and 82 (12%) as poorly differentiated, and the remaining 19 (3%) were not-
specified.

Milk consumption was fairly stable among the study population over the 26 years of follow-
up; mean daily intake was approximately 240 mL (one glass). Characteristics of the
population according to cumulative average intake of total dairy consumption data over
follow-up are summarized in Table 1. Women who consumed more dairy were less likely to
smoke than those who consumed little dairy. The prevalence of other endometrial cancer
risk factors was similar across categories.

In age-adjusted analysis, we found a positive association between the cumulative average
total dairy consumption and the risk of the endometrial cancer (Table 2). Compared with
women who consumed <1 serving of total dairy per week, the relative risk for women who
consumed 3+ servings per day was 1.45 (95% CI 1.11–1.90) and the p-value for the linear
trend across all categories was 0.001. After multivariate adjustment, the RRs were somewhat
attenuated and were no longer statistically significant (3+ vs <1 svg/d: RR 1.26, 95% CI
0.94–1.70, p for trend=0.06)

We also observed a statistically significant positive relation between low-fat milk intake and
risk of endometrial cancer in the age-adjusted analysis; the RRs comparing the highest with
the lowest categories were 1.41 (95% CI = 1.14–1.76 for trend=0.002). In the multivariate
analysis the trend was again attenuated but risk is remained lower in the lowest intake
category compared with all others (Table 2). We observed a positive relation between hard
cheese intake and risk of endometrial cancer in the age-adjusted analysis; the RR comparing
the highest with the lowest category was 1.64 (95% CI = 1.16–2.30 p for trend = 0.06). In
the multivariate analysis the trend was attenuated, but a higher risk remained for the highest
compared with the lowest category (RR 1.43, 95% CI 1.01–2.04) (Table 2). There was no
apparent association between intakes of whole milk, yogurt, butter and endometrial cancer
occurrence. We conducted secondary analyses (final models only) on the group of pre-
invasive cases. The results for any dairy intake and pre-invasive endometrial cancer did not
show any statistically significant difference, although with 264 of pre-invasive cases we had
limited power to detect modest associations. The multivariate relative risks of pre-invasive
endometrial cancer across categories of cumulatively averaged total dairy consumption
compared with < 1 svg/d were: 0.91 (95% CI 0.60–1.30) for 1–1.4 svg/day, 1.22 (0.82–1.82)
for 1.5–1.9 svg/day, 0.97 (0.64–1.47) for 2–2.9 svg/day, 1.03 (0.64–1.66) for ≥3 svg/day) (p
for trend= 0.91).
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To examine timing of dairy consumption in relation to endometrial cancer, we reran
analyses using dietary data from the most recent assessment rather than a cumulative
average over follow-up. No association between recent total dairy intake and endometrial
cancer was observed (RR 1.07, 95% CI 0.80–1.42, for the highest versus lowest intake
categories), indicating that long-term intake is more important. We also examined dairy
protein and dairy fat to determine whether these components were responsible for the
observed association with endometrial cancer, however, no association was observed for
either nutrient.

We found that the association between total dairy intake and endometrial cancer was
significant only among post-menopausal women. (Women with unknown PMH use were not
included.) The relative risk for women who consumed 3 or more servings/day of dairy
products, compared to women who consumed <1 servings per day of dairy products, for
endometrial cancer, was 1.41 (95% CI 1.01–1.98, p for trend=0.02, P for interaction not
significant) (Table 3).

Table 4 summarizes the results of multivariate analyses among postmenopausal women
stratified by postmenopausal hormone use (never and past versus current users), smoking
status (never versus past and current) and body mass index (<30 versus ≥ 30). As we
hypothesized, the association between total dairy intake and risk of endometrial cancer was
significant only among women not using postmenopausal hormones. Past and never users of
PMH, consuming 3 or more daily servings of dairy were at increased risk for endometrial
adenocarcinoma compared to consumers of <1 daily servings. (RR 1.58, 95% CI 1.05–2.36,
p for trend 0.003). Among current users of PMH there was no association (RR 1.06, 95% CI
0.57–1.99, p for trend 0.70) (P for interaction 0.054). As its hormone current use that is most
related to risk, it would have been interesting to stratify further by postmenopausal hormone
type (estrogen alone vs. estrogen-plus-progesterone) but we had too few cases.

There was no suggestion that smoking or BMI modified the association between intake of
total dairy and risk of endometrial cancer among postmenopausal women (Table 4).
However, since postmenopausal hormone use might confound the results for BMI given that
overweight women are less likely to use postmenopausal hormones, we further restricted
this analysis to never users only. Though case numbers were low, there was still no clear
evidence that BMI modified the association between total dairy intake and endometrial
cancer (for 3+ svg/d: RR 1.40, 95% CI 0.59–3.29 for BMI<30; RR 1.21, 95% CI 0.63–2.30
for BMI ≥ 30)..

DISCUSSION
Overall, greater consumption of total dairy intake was associated with a modest increase in
risk of invasive adenocarcinoma that was statistically significant only among
postmenopausal women, particularly those who were not currently using hormone therapy.
An increased risk was observed in the highest category of hard cheese. This is consistent
with our previous correlation analysis of international data in which cheese was closely
correlated with the incidence of corpus uteri cancer (0.79) and “milk + cheese” was
identified as the factor contributing most to an increased incidence of corpus uteri cancer by
stepwise multiple-regression-analysis (11).

Few epidemiologic analytical studies have investigated the role of dairy and milk in the
etiology of endometrial cancer (12–27). The results from case-control studies examining the
relationship between milk and dairy product and risk of endometrial cancer are inconsistent:
four case control studies found a positive association (12–15), six case control studies found
no association (16–21) and four an inverse association (22–25). Conflicting results were also
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reported from the cohort studies: one cohort study in Iowa Women’s Health Study (216
cases) examining the association between total dairy intake and endometrial cancer reported
no association (26) and another cohort study in Norway (27) (11 cases) found a positive
association. According to the WCRF/AICR 2007 report, data for milk and dairy products
and endometrial cancer were “were either of too low quality, too inconsistent, or the number
of studies too few to allow conclusions to be reached” (28).

The development of endometrial cancer is largely related to prolonged exposure to estrogens
without cyclic exposure to progesterone (29). Unopposed estrogens increase mitotic activity
in endometrial cells, whereas progesterone reduces the activity (30,31). The identification of
factors with even low estrogenic activity is therefore important to prevent this disease. Up to
now, diet has been implicated to influence endometrial cancer indirectly as a determinant of
obesity, which postmenopausally greatly increases circulating estrogen levels (25).
However, estrogen and progesterone also are found in foods from animal origin (32) and
dairy products account for 60–80% of the estrogens consumed (33).

Although steroid hormones are lipid-soluble, estradiol and similar compounds are not
physiologically active when taken orally, because of first-pass hepatic metabolism.
However, dairy products contain estrogens mainly in the form of estrone sulfates (34).
Remesar et al. estimated that dairy products could account for over 40% of estrone intake
from foods (35). According to Andersson and Skakkebaek (36) water-soluble estrone sulfate
has a high oral activity, and once inside the body it can be converted to estrone and estradiol.

Interestingly, authors of another prospective cohort study of milk consumption during
pregnancy and infant size at birth in Denmark concluded that data do not support a fat-
soluble substance as a growth promoting factor and hypothesized that water-soluble
substances in milk increase fetal growth (37). Japanese researchers recently published a
paper reporting that the intake of cow’s milk significantly increased serum estrone (E1) and
progesterone concentrations in humans (38).

Another possible explanation for an association between dairy consumption and endometrial
cancer is that consumption of dairy products increases serum levels of insulin-like growth
factor (IGF-I) (39–42). IGF-I is positively associated with several malignancies in many, but
not all, studies (43–47) although free IGF-I levels were reported to be both inversely (48)
and positively associated with endometrial adenocarcinomas (49).

Our study is large with 669 invasive, 264 pre-invasive cases and 1.3 million person-years.
The use of repeated measures in the analysis not only accounts for changes in dairy intake
over time but also decreases measurement error (50). Also, current milk and dairy intake had
high correlations with estimates from four 1-week diet records (7,8). Many biases inherent
in case-control studies are avoided by a cohort design with high follow-up rate. Unmeasured
confounding is still possible, although we adjusted for many endometrial cancer risk factors.

CONCLUSION
We found that total dairy intake was associated with a modest increased risk of endometrial
cancer, particularly among women who were postmenopausal and not currently using
postmenopausal hormones. Studies with measured estrogen concentrations are needed to
better understand the joint effects of dairy and endogenous estrogens on endometrial cancer
risk.
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