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Abstract

Objective—Obesity increases endometrial cancer risk, yet its impact on disease stage and grade
is unclear. We prospectively examined the effects of body mass index (BMI) and waist-to-hip
ratio (WHR) on incidence, stage, and grade of endometrial cancer.

Methods—We studied 86,937 postmenopausal women enrolled in the Women’s Health
Initiative. Height, weight, and waist and hip circumference were measured at baseline.
Endometrial cancer cases were adjudicated by trained physicians and pathology reports were used
to determine stage and grade. Cox proportional hazards models generated hazard ratios (HR) for
associations between BMI and WHR and risk of endometrial cancer. Logistic regression was used
to evaluate associations between BMI and WHR and disease stage and grade.

Results—During a mean 7.8 (standard deviation 1.6) years of follow-up, 806 women were
diagnosed with endometrial cancer. Though incidence was higher among Whites, stage and grade
were similar between Whites and Blacks. Elevated BMI (HR 1.76, 95% confidence interval [CI]
1.41-2.19) and WHR (HR 1.33, 95% CI 1.04-1.70) increased endometrial cancer risk when
comparing women in the highest and lowest categories. No associations were observed between
BMI or WHR and disease stage or grade.
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Conclusions—Obesity increases endometrial cancer risk independent of other factors, but is not
associated with stage or grade of disease. These findings support and validate previous reports.
Future research should evaluate the impact of obesity on racial disparities in endometrial cancer

survival.
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Introduction

Methods

Obesity is a well-established risk factor for endometrial cancer [1-3] and may contribute to
40% of the incident cases of this disease [4-6]. However, the impact of obesity on prognostic
features of endometrial cancer, such as histologic grade and clinical stage, has not been
extensively studied. Some studies have suggested that increased obesity is associated with a
lower, and thus more favorable, grade of disease [7-9], though another reported no
significant association [10]. Additionally, obesity was associated with earlier stage disease
in some [7,8,11], but not all [9,12] previous studies.

Common to these studies, however, is that anthropometric measurements have only been
measured at, or close to, the time of diagnosis. It is possible that the disease may have
impacted the woman’s body weight at this time, thus confounding any observed associations
between obesity and prognostic features. Additionally, these studies have utilized the body
mass index (BMI) as their only measure of obesity. Central adiposity, as measured by the
waist-to-hip ratio (WHR), may pose a greater health risk, as abdominal fat tends to be more
metabolically active than fat in other areas [13]. Data from the Nurses’ Health Study
document that WHR and BMI are not strongly correlated with one another [14]. Thus it is
important to consider how additional measures of obesity, such as WHR, relate to prognostic
features of endometrial cancer.

We utilized data from the Women’s Health Initiative (WHI) to prospectively study
associations between measures of obesity and endometrial cancer risk and prognostic
features. Specifically, we hypothesized that increased pre-diagnosis BMI and WHR would
be positively associated with endometrial cancer incidence and more favorable stage and
grade. As an exploratory aim, we evaluated differences between Blacks and Whites.

Study Population

The WHI study design and methods have been described in detail [15]. Briefly, the WHI is
comprised of an observational study (OS) (n=93,676) and three clinical trials (CT)
(n=68,132) covering the components of dietary modification, hormone therapy, and
supplementation of calcium/vitamin D. The combined WHI cohort consists of 161,808
postmenopausal women from various ethnic and racial backgrounds, including 14,618 (9%)
Black participants. Women were recruited at 40 clinical centers nationwide between October
1, 1993 and December 21, 1998. Eligibility criteria for WHI were age 50-79 years,
postmenopausal, no plans to move from the area, and an estimated survival > 3 years. We
included all WHI participants (Figure 1), except for those reporting cancer (n=14,849) or
hysterectomy (n=67,696) prior to baseline or those missing data for either of these factors
(n=1,401 cancer; n=86 hysterectomy). Women missing information for baseline BMI
(n=799) or WHR (n=421) were excluded from analyses involving those variables. The final
sample for analyses involving BMI was 86,228 (n=38,152 from CT and n=48,076 from OS),
and the final sample for analyses of WHR was 86,606 (n=38,197 from CT and n=48,409
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from OS). All procedures and protocols were approved by the Institutional Review Boards
at each participating institution and all participants provided written informed consent.

Case Determination

Adjudication and outcome ascertainment for the WHI have been described elsewhere [16].
Briefly, all outcomes were self-reported semi-annually in the CT and annually in the OS.
Self-reported outcomes were confirmed by local physician adjudicators who examined the
pathology report and any additional information regarding the cancer diagnosis. Trained
SEER coders at the Clinical Coordinating Center examined the pathology reports and any
additional relevant information on all primary occurrences of endometrial cancer to finalize
each cancer outcome. Each case was centrally coded by tumor registry coders to determine
grade and stage. Only endometrial cancer cases confirmed by adjudication were included in
these analyses (n=806). Due to missing data, 801 cases were included in the analyses with
BMI and 802 cases were included in the analyses with WHR. We coded the endometrial
cancer cases into histopathological subtypes following World Health Organization and
International Society of Gynecological Pathology guidelines [17]. Information on
histopathological subtype was missing for 27 cases. The endometrioid subtype was the most
frequent (N=639, 82.0%) and cases of other subtypes were too few for analysis:
adenosquamous carcinoma, N=1, 0.1%; clear cell adenocarcinoma, N=9, 1.2%; mixed
carcinoma, N=28, 3.6%; mucinous adenocarcinoma, N=25, 3.2%; papillary serous
adenocarcinoma, N=61, 7.8%; other, N=16, 2.1%. Therefore, we coded histopathological
subtype as endometrioid or other for our analyses.

Obesity Variables

Height, weight, and waist and hip circumference were measured according to a standard
protocol at clinical center visits. Measurements were obtained by trained and certified clinic
staff. Height and weight were measured without shoes or heavy clothing using a wall
mounted stadiometer and a calibrated balance beam or digital scale. Waist and hip
measurements were taken in light indoor clothing. Baseline values of BMI and WHR were
used as measures of obesity in these analyses. BMI was calculated by dividing weight in
kilograms by height in meters squared, and WHR was obtained by dividing waist
circumference by hip circumference measurements.

Statistical Analysis

Baseline descriptive characteristics were examined separately by BMI category and WHR
quartile. BMI was categorized as underweight/normal (<25 kg/m?2), overweight (25 - <30
kg/m?2), and obese (=30 kg/m?2). Tests of association were conducted using Chi-square tests
for categorical variables and two-sample t-tests for continuous variables.

Event rates adjusted to the overall WHI population age distribution were computed for
absolute disease rate comparisons. Endometrial cancer rates, separately for BMI category
and WHR quartile, were compared using time-to-event methods. Time to event was defined
as days from randomization to first diagnosis of endometrial cancer. Follow-up time was
censored at a woman’s last known follow-up contact, date of hysterectomy, or date of death.
Quantitative comparisons by BMI category and WHR quartile are presented as hazard ratios
(HRs) with nominal 95% confidence intervals (Cls) from Cox proportional hazards analyses
stratified by WHI study component and adjusted for age, race/ethnicity, income, education,
physical activity, smoking, total energy intake, percent energy from fat, fiber intake, fruit
and vegetable intake, grain intake, diabetes, history of hypertension, age at menarche, age at
menopause, attempted to get pregnant for more than 1 year, age at last term pregnancy,
duration of hormone use, duration of oral contraceptive use, NSAID use, and family history
of endometrial and ovarian cancers; these covariates were chosen based upon past analyses
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conducted within the WHI cohort and knowledge of potential associations with obesity and
endometrial cancer. We performed separate regression with additional adjustment for BMI
or WHR. Dietary variables were categorized into quartiles. These analyses were repeated
separately for White and Black racial groups. We also repeated analyses among women with
at least two years of follow-up in WHI prior to an endometrial cancer diagnosis in order to
assess whether observed associations were influenced by undetected disease at baseline, and
using only invasive cancer cases and then only cases of the endometrioid histopathological
subtype.

Logistic regression analyses examined differences in grade, stage at diagnosis, and
histopathological subtype of endometrial cancer separately by BMI category and WHR
category. This analysis included only women who were diagnosed with endometrial cancer
during follow-up. Stage of endometrial cancer was categorized as in situ or localized versus
regional or distant. Grade of endometrial cancer was categorized as well or moderately
differentiated versus poorly differentiated or anaplastic. Analyses were adjusted for age,
race/ethnicity, prior hormone use, family history of endometrial cancer, and WHI study
component. Odds ratios (ORs) with 95% Cls are reported. All statistical tests performed
were two-sided with a<0.05 considered statistically significant and no adjustment made for
multiple comparisons. All analyses were conducted using SAS for Windows, v9.1.3 (Cary,
NC).

Women self-reporting a hysterectomy at baseline were excluded from this analysis, as they
would not be at-risk for endometrial cancer. Differences in the proportion of potentially
eligible WHI subjects excluded for this reason were observed to vary by race (40.4%
Whites, 55.6% Blacks, 44.8% Hispanics, and 34.9% Asian/Pacific Islander; p<0.001).

Table 1 describes the baseline characteristics with stratification by BMI category.
Statistically significant differences were observed for nearly all characteristics. Noteworthy
differences across BMI category include the increased percentage of Blacks in the obese
category (12.2%) as compared to the underweight/normal (3.4%) and overweight (6.6%)
groups (p<0.0001). Current hormone use was more frequent among underweight/normal
(39.4%) compared to the overweight (31.0%) and obese (22.9%) groups. Family history of
endometrial cancer was more frequent among the obese (6.3%) compared to the overweight
(5.3%) and underweight/normal (4.7%) groups. Overweight (45.8%) and obese (54.2%)
women were more likely to be enrolled in the CT as compared to underweight and normal
weight women (35.5%; p<0.0001).

Women who developed endometrial cancer were more likely to be of White race/ethnicity
(90.5%) than those who remained cancer-free (84.4%; p<0.0001). Total energy intake of
>1972.1 kcal/day was more common among endometrial cancer cases (31.3%) compared to
women without endometrial cancer (24.9%; p<0.0001). Strong associations were observed
between exogenous hormone use and endometrial cancer. Women diagnosed with
endometrial cancer were more likely to be current hormone therapy users at baseline
(41.3%) than those not diagnosed with endometrial cancer (31.8%; p<0.0001). Further,
increased duration of hormone therapy use was related to endometrial cancer status, with
22.7% of cases and 10.9% of endometrial cancer-free women reporting hormone use for
>10 years (p<0.0001).

Average follow-up for this study population was 7.8 years (standard deviation 1.6). Of the
806 cases of endometrial cancer included in this analysis, there were 730 cases among
Whites (age-adjusted rate 123.4 cases per 100,000 person-years) and 38 cases among Blacks
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(age-adjusted rate 82.7 cases per 100,000 person-years, p=0.01). Table 2 reports age-
adjusted rates of endometrial cancer among BMI categories and WHR quartiles. Incidence
was highest among obese women (187.1 cases per 100,000 person-years) and in the highest
WHR quartile (141.8 cases per 100,000 person-years). In adjusted Cox proportional hazards
models a positive association was observed between both BMI (p<0.0001) and WHR
(p=0.001) and endometrial cancer risk. Obese women had a 76% increased risk of
endometrial cancer compared to underweight and normal weight women (HR 1.76, 95% ClI
1.41-2.19). Endometrial cancer risk increased 33% among women with a WHR >0.8530
versus <0.7554 (HR 1.33, 95% CI 1.04-1.70). Further adjustment for WHR did not
appreciably change the associations between BMI and endometrial cancer risk. Associations
between WHR and endometrial cancer risk were attenuated and non-significant upon
additional adjustment for BMI, however. Results were similar when restricting cases to
invasive disease or to the endometrioid subtype and when restricted to follow-up after two
years of WHI participation (data not shown).

Hazard ratios were similar when the analyses were restricted to White participants (HR 1.80,
95% ClI 1.44-2.27 for BMI =30 versus <25; HR 1.33, 95% CI 1.03-1.71 for WHR >0.8530
versus <0.7554). Among Blacks the association between both BMI (HR 2.76, 95% ClI
0.57-13.51 for BMI =30 versus <25) and WHR (HR 4.61, 95% CI 0.50-42.67 for WHR
>0.8530 versus <0.7554) and endometrial cancer risk appeared to be stronger. There was no
significant interaction between race and BMI (p=0.35) or race and WHR (p=0.32).

Among endometrial cancer cases, 13 (1.7%) had in situ, 645 (82.1%) localized, 88 (11.2%)
regional, and 40 (5.1%) distant disease. Stage information was missing for 20 (2.5%) cases.
Disease grade was well differentiated for 199 (26.6%), moderately differentiated for 309
(41.3%), poorly differentiated for 159 (21.3%), and anaplastic for 81 (10.8%) cases. Grade
classification was missing for 58 (7.2%) cases. Stage (p=0.14) and grade were similar
between Whites and Blacks (p=0.95; data not shown). BMI and WHR were not associated
with higher grade or later stage disease (Table 3). Obese BMI (OR 0.65, 95% CI 0.39-1.08)
and WHR >0.8011 (OR 0.76, 95% CI 0.50-1.15) were associated with non-significant
decreased likelihood of non-endometrioid histopatholgical subtypes. The analyses reported
in Table 3 were not repeated with stratification on race/ethnicity due to the small number of
Black cases.

Discussion

We found that elevated pre-diagnosis BMI and WHR were both related to an increased risk
of endometrial cancer, yet had no association with prognostic features. Specifically, obese
women (BMI >30 kg/m?) experienced a 76% increase in endometrial cancer risk, and
women with a WHR >0.8530 experienced a 33% increase in endometrial cancer risk. BMI
and WHR were not associated with disease stage or grade. Results were similar when
restricted to invasive cases or to cases of the endometrioid subtype.

Our findings are consistent with previous reports of positive associations of both BMI and
WHR with the incidence of endometrial cancer [2]. Friedenreich et al [3] found that women
with a BMI of 30 — 40 kg/m? had a 1.78 times (95% CI 1.41 — 2.26) increased risk of
endometrial cancer compared to those of normal BMI, similar to our estimated 76%
increased risk. Their estimate for WHR (RR 1.58, 95% CI 1.19-2.10) for highest quartile
versus lowest quartile [3] was slightly higher than the 33% increased risk we report, likely
due to differences in cut-offs for WHR between the two studies. Interestingly, BMI
remained significantly associated with risk upon adjustment for WHR, but WHR was no
longer related to disease risk in models adjusted for BMI. Similar observations were noted in
other recent studies of adiposity and endometrial cancer [3,18], though another recent study
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found the WHR was a risk factor for endometrial cancer independent of BMI [19]. As
summarized by Friedenreich [3], earlier studies also provide inconsistent evidence regarding
whether or not WHR is an independent risk factor for endometrial cancer. Thus it is
currently unclear whether general obesity or abdominal obesity, and their respective
hormonal and metabolic consequences, is more relevant to endometrial cancer risk.

Current evidence relating body fatness to stage and grade of endometrial cancer is
inconsistent [7-9,11,20]. We observed no association between BMI or WHR and stage or
grade of disease, contrary to our hypothesis. The close monitoring of WHI participants,
especially those in the clinical trials, may have biased our results. While 82.1% of our
endometrial cancer cases had localized disease, nationally only 69% of endometrial cancer
cases are diagnosed at this stage [21]. It is possible that body composition may be related to
stage and/or grade of endometrial cancer in the general population, but this was not the case
within the WHI.

In the present study, there was a suggestion that the effect of BMI and WHR on endometrial
cancer incidence was greater among Blacks; however, small numbers limited statistical
significance. The lack of endometrial cancer cases among Blacks may be related to the
increased prevalence of hysterectomy among Blacks (55.6%) in the WHI population. We
observed no differences in either stage or grade of disease between racial groups. Other
studies have reported that Blacks diagnosed with endometrial cancer often have advanced
stage disease and a worse prognosis compared to Whites. This disparity may be due to
different genetic etiologies and inequalities in treatment [22]. To the extent that such
disparities may be related to differences in socioeconomic status, this effect may not be
apparent in our study due to the higher socioeconomic status of Black WHI participants as
compared to the general population of U.S. Blacks. Unfortunately, we were unable to
examine associations between BMI or WHR and stage or grade separately by race due to the
small sample of Black cases. Given that neither BMI nor WHR were associated with stage
or grade among our full study population, however, it is unlikely that differences in obesity
prevalence explain the racial disparity in endometrial cancer survival. Analyses of SEER
data show that poorer endometrial cancer survival among Blacks has persisted over recent
decades [23]. Future research, perhaps through pooled data analysis, is needed to determine
the reasons for this racial disparity in survival.

The WHI is a well-conducted prospective cohort study of over 160,000 postmenopausal
women from various racial and ethnic backgrounds with extensive follow-up. Further
strengths include the adjudication and central coding of the endometrial cancer outcomes
and the standardized measurement of BMI and WHR. Additionally, BMI and WHR
measurements were taken well before participants were diagnosed with endometrial cancer.
Previous research studies performed anthropometric assessments at, or close to, the time of
diagnosis, thus raising the possibility that such measures were affected by undetected
disease. We additionally performed a sensitivity analysis excluding cases diagnosed within
two years of enrollment and obtained results similar to those observed among the full cohort.
Thus we believe that undetected disease is unlikely to bias our observed associations
between BMI and WHR and endometrial cancer incidence.

Unfortunately, our ability to examine racial differences in the association between BMI and
endometrial cancer incidence, stage, and grade was limited by the small numbers of cases
among racial/ethnic subgroups. Additionally, the external validity of our study may be
somewhat limited. The lower prevalence of obesity among both Blacks and Whites in our
study population compared to national estimates indicates that our population may have
been healthier than the general population. Finally, we measured BMI and WHR at only a
single point in time. Women’s BMI or WHR may have changed throughout their WHI
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follow-up, and it is possible that such changes might be associated (either causally or non-
causally) with risk of endometrial cancer.

Our results suggest that obesity may not be important to prognostic features of endometrial
cancer, though it clearly has an impact on disease risk. Moreover, our findings suggest areas
where prevention and more intense surveillance strategies could be implemented — namely
among obese women, and perhaps especially among obese Black women. More research is
needed among Black women, however, to more conclusively assess the impact of obesity on
the incidence, stage, and grade of endometrial cancer as well as survival from this disease.
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Figure 1.
Schematic of participants included in present analysis.
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