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Abstract

Coffee drinking has been reported to have beneficial effects on insulin resistance which has been
directly associated with endometrial cancer. Although a relationship between coffee consumption
and endometrial cancer risk is biologically plausible, this hypothesis has been previously explored
in only two prospective studies, with a small number of cases.

We used data from the Swedish Mammography Cohort, a population-based prospective cohort
study of 60 634 women. During 17.6 years of follow-up, 677 participants were diagnosed with
incident endometrial cancer (adenocarcinoma). We examined the association between self-
reported coffee consumption (at baseline 1987-90 and in 1997) and endometrial cancer risk using
Cox proportional hazards models.

Each additional cup (200g) of coffee per day was associated with a RR of 0.90 (95% CI 0.83-
0.97). In women drinking four or more cups of coffee a day the risk reduction of endometrial
cancer was RR 0.75 (95% CI 0.58-0.97) as compared to those who drank one cup or less. The
association seemed largely confined to overweight and obese women, who showed a respective
risk reduction of 12% (95% CI 0-23%) and 20% (95% CI 7-31%) for every cup of coffee, but
was not observed among normal weight women. There was a statistically significant interaction
between coffee consumption and body mass index (Pinteraction <0.001).

These data indicate that coffee consumption may be associated with decreased risk of endometrial
cancer, especially among women with excessive body weight. If confirmed by other prospective
studies, these results are of major public health significance.
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Background

Coffee consumption has been reported to improve insulin sensitivity 1 and to decrease the
risk of developing diabetes 2. Endometrial cancer risk has been directly associated with
obesity, insulin resistance, and the resultant hyperinsulinemia 3~7. Therefore, an association
between coffee consumption and endometrial cancer risk, possibly modified by body
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weight, is biologically plausible. Endometrial cancer risk in relation to coffee consumption
has been studied, to date, in only two prospective studies each with a small number of cases;
one showed a statistically significant decrease in risk8 and the other a non —significant
decrease in risk9. Eight case-control studies have evaluated the possible association between
coffee drinking and endometrial cancer risk with five studies showing statistically
significant decreased risk with increasing consumption of coffee 10714, one showing a non-
significant decreased risk 15 and two a statistically non-significant increase in risk 16 17.

To address prospectively whether coffee consumption is associated with risk of endometrial
cancer we used data from the Swedish Mammaography Cohort, a population-based cohort
study of over 60 000 women including 677 endometrial cancer cases. Thus, ours is the
largest prospective study of endometrial cancer to date. Coffee consumption in the cohort
was assessed by self-reports that were collected twice, once at baseline and the other 10
years later. Sweden has the second highest per capita coffee consumption in the world 18,
and thus our cohort provides a wide range of coffee intake. Moreover, decaffeinated coffee
is very uncommon in Sweden, which allows for the study of caffeinated coffee. In addition,
we examined whether the association between coffee consumption and endometrial cancer
risk may be modified by factors related to insulin resistance including overweight and
obesity.

From 1987 to 1990, questionnaires and invitations to participate in a free mammography
screening program were mailed to all women born 1914-1948 and living in the Uppsala
County of central Sweden (n=48 517) and to all women that were born 1917-1948 and were
living in the adjacent Vastmanland County (n=41 786). A total of 66 651 women (74%)
returned a completed questionnaire on diet including coffee consumption, as well as
information about weight, height, parity and education.

In 1997, a second questionnaire was sent to all 56 030 cohort members who were still living
in the study area; the second questionnaire was extended with information about medical
history including diabetes and hypertension, age at menarche, history of oral contraceptive
use, age at menopause, postmenopausal hormone use, and lifestyle factors, such as history of
cigarette smoking, physical activity and use of dietary supplements; 39 227 (70%) women
returned a completed questionnaire. Women who did not answer the second questionnaire
were on average older, less educated, and had a slightly higher BMI. On the other hand their
average coffee consumption did not differ.

Data on coffee consumption was collected at baseline 1987-90 by use of a self-administered
food-frequency questionnaire that included 67 food items commonly consumed in the study
population. Women were asked to report how often on average they consumed coffee during
the last six months; they could choose one from 8 pre-specified frequencies ranging from
“never or seldom” to “4 times per day or more”. We used age-specific (<53, 53-65, >65
years) coffee servings that were based on mean values obtained from 129 randomly chosen
women from the SMC who weighed and recorded food intake for four 1-week periods
(Wolk A: unpublished data). The Spearman correlation coefficient between food frequency
questionnaires and weighted records for coffee consumption was 0.6. In the second
questionnaire of 1997 there was an open ended question on how many coffee cups per day
or per week the women consumed during the last year. Information about tea consumption
was collected in the same way as that for coffee.

Body mass index was calculated as weight in kg divided with the square of the height in
meters (BMI, kg/m2). The validity for self-reported weight and height as compared to
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measurements in Swedish women has been studied and the Pearson correlation coefficients
for these were r = 0.9 and 1.0, respectively 19. Physical inactivity was assessed in the
second questionnaire using five predefined categories for time spent per day watching TV/
sitting (inactive leisure time, less than 1h daily to more than 6 h daily). Education was
assessed with six questions ranging from 6 years of basic education to university studies.
Diabetes was self-reported on the second questionnaire and assessed with the question “have
you ever been diagnosed with diabetes”; in case of women with diabetes who were
hospitalized we also obtained information by linkage of the cohort to the Swedish In-patient
Register.

Follow-up of the Cohort

We performed linkage of the cohort with the National Swedish Cancer Register through
December 31, 2005 and with the Regional Cancer Register in the study area through
December 31, 2007. The National Swedish Cancer Register and the Regional Cancer
Register have been estimated to be almost 100% complete 20. Furthermore, by linkage with
the nationwide Swedish In-patient Register, we identified women who had a hysterectomy
for reasons other than endometrial cancer. Dates of death or migration from the study area
were ascertained by linkage with the Swedish Death Register and the Swedish Population
Register, respectively. Of the 66 651 women who responded to the first questionnaire in
1987-90, we excluded those with a missing identification number, with age outside the
range 40-76 years, those with a cancer diagnosis (other than non-melanoma skin cancer)
before the study baseline, with a history of hysterectomy before entry to the cohort and with
extreme values of reported energy intake. Furthermore, we also excluded women with
missing information on coffee consumption (n=592). After these exclusions, 60 634 women
aged 40 to 76 years at baseline remained for this analysis, including 677 incident
endometrial cancer (endometroid adenocarcinoma) cases. This study was approved by the
Ethics Committees at the Uppsala University Hospital (Uppsala, Sweden) and the
Karolinska Institutet (Stockholm, Sweden). Completion of the self-administered
questionnaire was considered to imply informed consent to participate in this study.

Statistical Analysis

To estimate the risk of endometrial cancer we used the Cox proportional hazards models.
We calculated person-years of follow-up for each woman from the date of mammography to
the date of endometrial cancer diagnosis, the date of a hysterectomy, the date of death from
any cause, the date of migration out of the study area during December 31, 2005 —
December 31, 2007 (since for this time period we only have regional information on cancer
incidence), or the end of follow-up on December 31, 2007, whichever came first. We
computed incidence rate ratios by dividing the number of incident cancer cases by the
number of person-years of follow-up in each category, stratified on age in months. The rate
ratios (RRs) of endometrial cancer (with 95% confidence intervals [CIs]) were calculated by
dividing the incidence rates among women in the two upper categories of coffee
consumption with women in the lowest category of coffee consumption. The data
conformed to the proportional hazards assumption21. We performed age-adjusted and
multivariable analyses. In the main analysis we included coffee consumption from the
baseline questionnaire, BMI and smoking. We categorized coffee in three groups according
to the distribution in the cohort. Since majority of the women drank 2-3 cups of coffee a day
the middle group was the largest and the third group included 20% of the population. We
also performed analysis further adjusting for known risk factors and potential confounders
such as years of education (<10, 10-12, >12, other), age at menopause (<48, 48-49, 50-52,
>53), age at menarche (<12, 12, 13, >14), oral contraceptive use (yes, no), postmenopausal
hormone therapy (yes, no), parity (yes, no), history of diabetes (yes, no) and total energy
intake (continuously), as well as such foods correlated with coffee drinking as tea
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(continuously) and consumption of buns, cookies and cakes (continuously). Missing values
for any potential confounder were treated as a separate “missing category” in the model.

We calculated the RR of endometrial cancer (with 95% CI) using updated information on
coffee for those answering the second questionnaire, for the first time period we used
information from the first questionnaire only and for the second time period after 1 January
1998 we used the average coffee consumption from the two questionnaires. In test for linear
trend, we used the median value in each category as a continuous variable in the model. To
model and graph the multivariable adjusted rate ratio for coffee consumption and
endometrial cancer incidence in a flexible way we used restricted cubic splines (three knot
positions)22' 23. Both, BMI and physical inactivity are related to insulin resistance,
therefore we conducted analyses stratifying on BMI (baseline) and physical inactivity
(second time period only). We also separately analyzed a subgroup of women with diabetes.
Furthermore we stratified the analysis postmenopausal hormone use. Statistical significance
of interactions was tested by adding an interaction term to the Cox model, simultaneously
containing the main variables and age in months.

Analyses were performed using SAS software (version 9.1; SAS Institute, Cary, NC) and
Stata (version 9.2; Stata Corp, College Station, TX). All p-values are 2-sided.

During a mean follow-up time of 17.6 years among 60 634 women in the cohort (1 066 348
person-years) 677 incident adenocarcinoma endometrial cancer cases were diagnosed. The
mean age at diagnosis of endometrial cancer was 67.3 (x 9.2) years. Table 1 shows the
distribution of known risk factors and potential confounders for endometrial cancer in the
cohort by categories of coffee consumption. Women with a high coffee consumption were
on average younger, less educated, drank less tea and were more likely to smoke. Other
characteristics did not vary substantially with respect to coffee consumption.

Overall, coffee consumption was statistically significantly and inversely associated with
endometrial cancer risk in analyses adjusted for age and in analyses further adjusted for BMI
and smoking (Table 2). Each additional cup of coffee (standardized to 200 gram) was
associated with a RR of 0.90 (95%CI 0.83-0.97). This association was further investigated
using updated information on coffee consumption from the second questionnaire in the
cohort (Table 2). Spline analyses showed a clear dose-response between coffee consumption
and decreased risk of endometrial cancer (Figure 1).

In the analyses of baseline coffee consumption additionally adjusting for education, age at
menopause, age at menarche, oral contraceptive use, postmenopausal hormone use, parity,
history of diabetes, total energy intake, tea consumption and intake of foods correlated with
coffee consumption such as buns, cookies and cakes, RRs for the second and third category
of coffee consumption as compared to the lowest one were 0.77 (95% CI 0.63-0.94) and
0.75 (95% CI 0.57-0.98), respectively. To eliminate the possible residual confounding by
smoking we performed an analysis confined to those women that had never smoked
(including 20,348 women and 283 cases). Results from this analysis did not differ
substantially from those for the entire cohort; e.g, RRs for the second and third category of
coffee consumption as compared to the lowest one were 0.83 (95% CI 0.62-1.12) and 0.66
(95%Cl 0.41-1.07), respectively. To eliminate potential effects of early undiagnosed
endometrial cancer, we repeated our analysis after excluding endometrial cancer cases
diagnosed during the first year of follow-up. Results from this analysis did not differ
substantially from those for the entire cohort. RRs for the second and third category of
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coffee consumption as compared to the lowest one were 0.75 (95% CI 0.62-0.92) and 0.75
(95%CI 0.58-0.97), respectively.

We also examined whether the observed association differed according to BMI status, by
stratifying the cohort into groups with BMI 20-25, 25-30, >30 kg/m2. We observed a
decreased risk associated with coffee intake among overweight and obese women, but not
among women with normal weight (Table 3). There was a statistically significant interaction
between coffee consumption and BMI, Pinteraction <0.001 (Figure 2). Women drinking 4 or
more cups of coffee per day and had a normal body weight (BMI 2025 kg/m?2) had a
statistically significantly 81% lowered risk compared to those who were obese (BMI >30)
and drank 1 cup of coffee or less per day.

We examined the possible effect modification by postmenopausal hormone use, no evidence
for effect modification was observed (Pjnteraction = 0-38). The relative risk associated with
each additional cup of coffee was RR 0.93 (95%CI 0.83-1.06) and 0.86 (95% CI 0.75-0.99)
among postmenopausal hormone users and non-users respectively. We evaluated the
possible modification by leisure time physical inactivity (sitting/watching TV 5 hours or
more per day) and coffee consumption in a subset of the cohort (32 649 women and 240
cases, since information on physical inactivity was available for the second time period
only). Due to limited power we combined the two upper categories of coffee consumption.
Although the interaction did not reach statistical significance, there was a suggestion that the
association was stronger among inactive women (Pinteraction=0.06). Inactive women drinking
2 or more cups of coffee had a RR of 0.58 (95%CI 0.23-1.49) compared to inactive women
drinking 1 cup of coffee or less per day. The corresponding estimate among active women
was 1.09 (95% CI 0.82-1.44).

We also evaluated the association among women with diabetes. In the analysis including
2505 diabetic women and 47 endometrial cancer cases, we combined the two upper
categories of coffee consumption. Women with diabetes drinking 2 or more cups of coffee
per day had a RR of 0.48 (95%CI 0.22-1.05) compared to diabetic women drinking 1 cup of
coffee or less per day.

Discussion

In this population-based prospective cohort study we found that daily coffee consumption
was associated with a lower risk for endometrial cancer. More specifically, women drinking
2 or more cups of coffee a day had a statistically significant risk reduction for endometrial
cancer. Each additional cup of coffee (cup 200g) was associated with 10% reduced risk of
endometrial cancer among all women. The risk reduction was largely confined to
overweight and obese women, who are at increased risk for endometrial cancer. Among
these women, each additional cup of coffee consumed daily decreased the risk of
endometrial cancer by 12% and 20%, respectively.

The association between coffee consumption and endometrial cancer risk has been studied
previously in only two small prospective cohort studies8: 9 (a Japanese study including 117
cases and one Norwegian study including 84 cases). Case-control studies investigating this
association have also been limited 10717. Our results deriving from a large prospective
population-based cohort study confirm and extend data from the reported cohort studies8: 9
and case-control studies 10715, showing a decreased risk of endometrial cancer in relation
to high coffee consumption. One of the cohorts8 and five of the previously published case-
control studies10™14 have reported a statistically significant inverse association, the other
cohort9 and one case-control study observed a non-significant inverse association15
whereas two case-control studies showed a non-significant positive association 16+ 17.
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There are several biological mechanisms through which coffee might reduce risk of
endometrial cancer development. Coffee has been shown to affect the absorption and
metabolism of glucose 24726 and may also protect against type 2 diabetes 2. Furthermore
coffee has been shown to improve insulin sensitivity 1- 27. We have recently shown that
coffee consumption is directly related to plasma levels of adiponectin, an endogenous
insulin sensitizer 28. Lower levels of adiponectin have in turn been consistently related to
both higher risk of endometrial cancer 29732 and hyperinsulinemia. Hyperinsulinemia is a
common feature in diabetes, obesity and physical inactivity, all states associated with
hypoadiponectinemia. Hyperinsulinemia has been shown to stimulate the growth of
endometrial stromal cells by binding to insulin receptors in endometrium33 and may also
increase levels of free estrogens through decreasing concentrations of circulating sex
hormone binding globulin (SHBG) 34 35, and through decreasing levels of IGFBP-1
increase circulating free IGF-1. IGF-1 stimulates cell proliferation by binding and activating
IGF-1 receptors in the endometrium 3641. Mechanistically, adiponectin is thus upstream of
hyperinsulinemia/hyperandrogenemia and elevated IGF-1 levels. Furthermore, high caffeine
intake has been linked to decreased free estrogen levels through higher concentration of
circulating SHBG 42 43. Estrogens in turn have been shown to increase endometrial cancer
risk by stimulating proliferation of endometrial cells 44. Coffee also contains
phytoestrogens45 which have been suggested to decrease the risk of endometrial cancer46
47. Finally, coffee contains antioxidants that may reduce oxidative stress, an important
factor for cancer development48. In our study, the strongest effect of coffee was observed
among overweight and obese women who are at the highest risk for endometrial cancer; this
observation is consistent with the notion that hypoadiponectinemia, insulin resistance and
hyperinsulinemia may be involved in the process 49752.

Major strengths of our study include its population-based design and the completeness of
identification of endometrial cancer cases through the Swedish cancer registries. The
prospective nature of the study makes it highly unlikely that the associations we observed
were due to recall or selection biases that might lead to spurious associations in case-control
studies. Furthermore, we had information on all major potential confounders. Although the
possibility of uncontrolled or residual confounding can not be entirely eliminated we have
adjusted for multiple potential confounders and we observed little difference between the
age-adjusted and multivariable models. However, our study had several limitations. First,
because coffee intake was assessed through self-administered food-frequency
questionnaires, measurement errors are inevitable. However, results from comparisons of
self-reported coffee intake in the questionnaire with dietary records suggest that we obtained
a reasonable assessment of coffee consumption. This kind of non-differential
misclassification would tend to attenuate the observed association between coffee intake and
endometrial cancer risk and thus could not explain our results. Second, in our study the near
absence of non coffee drinkers made it impossible to assess the effect of different amounts
of coffee compared to no consumption. Finally, serum samples would have allowed us to
test the hypotheses about mechanisms more directly. Future studies are needed in this
regard.

In conclusion, our results show that coffee consumption is associated with decreased risk of
endometrial cancer, especially among overweight and obese women. If confirmed by other
studies and in other populations, these data may prove to be of major public health
significance in Western societies.
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Figure 1.

Rate ratios (RRs) and 95% Cls of coffee consumption among women in the Swedish
Mammography Cohort at baseline in relation to endometrial cancer risk using restricted
cubic splines.

Multivariable adjusted rate ratios for coffee consumption in relation to endometrial cancer
incidence adjusted for age, BMI and smoking. Plot of the restricted cubic splines (solid line),
linear trend (long-dash line), and dotted lines 95% confidence limits of the linear trend.
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Figure 2.

Associations of coffee consumption stratified by BMI in relation to endometrial cancer for
women in the Swedish Mammography Cohort.

Rate ratios (RR) from Cox proportional hazards models adjusted for age and smoking.
Pinteraction <0.001

All Pvalues from RRs were <0.05.
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Age-standardized baseline characteristics of women in the Swedish Mammography Cohort according to coffee

consumption.

Coffee consumption per day

<1 cups* 2-3cups 24 cups
Median (gram/day) 218 464 746
Characteristics n=19338 n=30274 n=11022
Age, y 59.8 51.2 498
Body mass index, kg/m2 24.7 23.2 249
History of smoking, % 22.3 28.3 37.2
Age at menarche, y 13.3 12.2 13.2
Number of children 2.1 2.0 2.2
Oral contraceptive use, % 42.3 44.2 42.1
Age at menopause, y 50.0 45.7 50.0
Postmenopausal hormone therapy, % 48.0 47.4 46.8
Total energy intake, kcal 1535 1505 1656
Tea, gram/day 221 116 74
Buns, cookies and cakes, gram/day 11.8 14.9 16.2
Education >12years, % 14.1 125 11.8
History of diabetes, % 4.8 3.2 4.7

Note: All values other than for age have been directly standardized according to the age distribution of the cohort.

*
Non-drinkers 3.7% and <1 cup/day 4.4% in the entire cohort.
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