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Abstract

Background: The incidence rates of endometrial cancer (EC) are increasing, which may partly 

be explained by the rising prevalence of obesity, an established risk factor for EC. Hypertension, 

another component of metabolic syndrome, is also increasing in prevalence, and emerging 

evidence suggests that it may be associated with the development of certain cancers. The role 

of hypertension independent of other components of metabolic syndrome in the etiology of EC 

remains unclear. In this study we evaluated hypertension as an independent risk factor for EC and 

whether this association is modified by other established risk factors.

Methods: We included 15,631 EC cases and 42,239 controls matched on age, race, and study-

specific factors from 29 studies in the Epidemiology of Endometrial Cancer Consortium. We used 

multivariable unconditional logistic regression models to estimate odds ratios (ORs) and 95% 

confidence intervals (CIs) to evaluate the association between hypertension and EC and whether 

this association differed by study design, race/ethnicity, body mass index, diabetes status, smoking 

status, or reproductive factors.

Results: Hypertension was associated with an increased risk of EC (OR=1.14, 95% 

CI:1.09-1.19). There was significant heterogeneity by study design (Phet<0.01), with a stronger 

magnitude of association observed among case-control vs. cohort studies. Stronger associations 

were also noted for pre-/peri-menopausal women and never users of postmenopausal hormone 

therapy.
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Conclusions: Hypertension is associated with EC risk independently from known risk factors. 

Future research should focus on biologic mechanisms underlying this association.

Impact: This study provides evidence that hypertension may be an independent risk factor for 

EC.
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INTRODUCTION

Endometrial cancer is the most common gynecologic cancer and the fourth most common 

cancer among women in the United States (US).1 The incidence rates of endometrial cancer 

are increasing, particularly among younger women (aged <50 years) and women from racial/

ethnic minority groups.2-4 The rising incidence rates may by explained, in part, by the rising 

prevalence of obesity, an established risk factor for endometrial cancer, globally.5-8

Metabolic syndrome is a cluster of metabolic abnormalities that includes obesity, 

dyslipidemia, hyperglycemia, and hypertension.9 Several epidemiological studies have 

established associations between some components of metabolic syndrome and increased 

risk of endometrial cancer, independent of obesity.10-16 However, the role of hypertension, 

independent of the other components of metabolic syndrome, in the etiology of endometrial 

cancer remains unclear.

Hypertension is a common cardiovascular disease that affects approximately 40% of women 

in the US.17 The prevalence of hypertension increases with age: approximately 50% of 

women aged 40-59 years and 74% of women aged 60 years and over are affected.17 

Emerging evidence suggests that hypertension may be associated with the development of 

certain cancers, particularly through inflammatory, hormonal, and metabolic, pathways.18 

The results from several epidemiological studies assessing the association between 

hypertension and endometrial cancer risk have been inconsistent. Some have reported 

a positive association between hypertension and endometrial cancer risk, although these 

studies vary on whether they addressed the potential influence of body mass index (BMI) 

or diabetes on this association,13, 14, 19-22 while others have reported no association, 

particularly after adjusting for BMI and diabetes.23, 24 Therefore, further research is needed 

to clarify the role of hypertension in endometrial cancer etiology.

In this study, we examined the association between hypertension and endometrial cancer risk 

by combining individual-level data for 15,631 endometrial cancer cases and 42,239 controls 

from 29 studies in the Epidemiology of Endometrial Cancer Consortium (E2C2). Our large 

study population enabled us to evaluate whether the association between hypertension and 

endometrial cancer is modified by other risk factors for the disease. Understanding this 

association may enable us to better identify women at higher risk for endometrial cancer and 

operationalize clinical interventions related to high blood pressure management for cancer 

prevention.
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MATERIALS AND METHODS

Participants and Data Collection

The E2C2 is an international consortium established in 2006 to identify and evaluate 

genetic, lifestyle and environmental risk factors for endometrial cancer by pooling resources 

and data from many studies. 25-28 For this study, we pooled data from 29 epidemiologic 

studies (13 cohort and 16 case-control) from the E2C2 (Table 1). Cohort studies were 

included as nested case–control studies. Up to four controls were selected per case 

from females with an intact uterus and without endometrial cancer before the index 

case diagnosis. For both case-control and cohort studies, within each study, controls 

were matched with cases by age and other study-specific factors (e.g., race/ethnicity). 

Informed consent was obtained from all study participants in accordance with each study’s 

Institutional Review Board. We included only individuals who had complete information on 

hypertension status and the covariates of interest described below (n=16,694 excluded). The 

analytic study population included 15,631 cases and 42,239 controls (Supplementary Figure 

S1); all controls were matched to at least one case. Written informed consent was obtained 

from all study participants in accordance with each study’s Institutional Review Board and 

the studies included were conducted in accordance with recognized ethical guidelines (The 

Declaration of Helsinki).

Data collection

Data were collected within each study via self-reported questionnaires or in-person 

interviews, including sociodemographic information, anthropometric measures, reproductive 

and menstrual information, comorbid conditions, and other known or potential risk factors 

for endometrial cancer. We used a published data harmonization pipeline to standardize 

variables across E2C2 study sites.28-32 Incident cases of endometrial cancer were identified 

by each study site using International Classification of Diseases for Oncology, 3rd edition 

(ICD-O-3) primary site codes: C54.0-C54.3, C54.8-C54.9, and C55.9 (behavior code 3). 

Tumor information and characteristics (stage, grade, histology) were collected from medical 

records, pathology reports, and/or linkages to national cancer registries, where available.

Participating studies provided information on the main exposure of interest, hypertension, 

which was obtained from the baseline self-reported questionnaires or in-person interviews 

(reported as ‘ever diagnosed with hypertension’ [yes/no]).

Information on established risk factors for endometrial cancer were also obtained and 

evaluated as covariates of interest, including age (continuous), race (Asian, Black, White, 

Other/Unknown), BMI (continuous and categorical: normal <25, overweight 25-29, obese 

30-34, severely obese ≥35 kg/m2), age at menarche (<11, 11-12, 13-14, ≥15 years), parity 

(0, 1, 2, 3, or ≥4 live births), menopausal status (pre-/peri-menopausal, post-menopausal), 

oral contraceptive use (never, ever), postmenopausal hormone use (never, ever), smoking 

status (never, former, current), and diabetes status (no, yes).26, 27, 33-37 For the included 

cohort studies, participating study sites provided information on covariates closest to the 

date of diagnosis. If no follow-up was available for a particular study site, covariates 

reflected cohort baseline. Two studies, the Netherlands Cohort Study on Diet and Cancer 
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and NYU Women’s Health Study, did not include information on livebirths only, hence 

information on livebirths and stillbirths combined was used as a proxy for parity.

Statistical analysis

To estimate the association between hypertension and endometrial cancer risk, we used 

individual-level data and performed a pooled complete-case analysis using multivariable 

unconditional logistic regression to estimate odds ratios (OR) and 95% confidence intervals 

(CI). All models were adjusted for factors including age (at diagnosis for cases or at index 

date for controls), race/ethnicity, study site, BMI, age at menarche, parity, menopausal 

status, oral contraceptive use, postmenopausal hormone therapy use, smoking status, and 

diabetes status. To examine whether the association between hypertension and endometrial 

cancer risk is more pronounced among obese or women with diabetes, we stratified by 

BMI and diabetes status, separately. We also assessed whether the association differed by 

study design, race/ethnicity, smoking status, or reproductive risk factors including age at 

menarche, parity, menopausal status, oral contraceptive use, and postmenopausal hormone 

therapy use. We included interaction terms in models and examined heterogeneity of ORs 

across subgroups using the Wald test.

To address possible residual confounding by BMI, we reran our models by adjusting for 

BMI as a continuous variable, however, the effect estimates of these models were not 

materially different, so we kept our original models adjusting for BMI as a categorical 

variable. We also conducted a sensitivity analysis excluding BMI as a covariate to test 

whether BMI is an intermediate factor of the association between hypertension and 

endometrial cancer.

All reported p-values are two-sided and an alpha level of 0.05 was used to define statistical 

significance. All analyses were conducted using SAS version 9.4.

Data Availability

De-identified epidemiologic data are available to researchers through a formal protocol 

submission process. Researchers can request access via the E2C2 website hosted by the 

National Cancer Institute (https://epi.grants.cancer.gov/eecc/). Interested parties can follow 

the information on our E2C2 website to request access to the de-identified data.

RESULTS

Study characteristics of all E2C2 studies included in the present analysis are presented in 

Supplementary Table S1. This study included 15,631 endometrial cancer cases and 42,239 

controls (Table 1). The mean age at diagnosis for cases was 63.3 years and the mean 

index age for controls was 64.2 years. Women with endometrial cancer were more likely 

to be obese (18.1% vs. 12.2% in controls) or severely obese (18.1% vs. 6.7%), have an 

early age of menarche (< 11 years) (7.0% vs. 5.6%), be nulliparous (17.5% vs. 13.2%), 

post-menopausal (74.0% vs. 71.1%), and have diabetes (12.0% vs. 6.8%) compared with 

controls. Cases were less likely to ever use oral contraceptives (37.5% vs. 42.6%), ever use 

postmenopausal hormone therapy (34.1% vs. 37.8%), and be former (26.7% vs. 29.0%) or 

current smokers (9.3% vs. 14.4%) compared to controls.

Habeshian et al. Page 4

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://epi.grants.cancer.gov/eecc/


Nearly 40% of cases had a history of hypertension compared to 31% of controls. After 

multivariable adjustment, hypertension was associated with an increased risk of endometrial 

cancer (OR = 1.14, 95% CI: 1.09, 1.19) (Table 2). While the associations in the cohort 

(OR= 1.08, 95% CI: 1.02, 1.14) and case-control (OR= 1.15, 95% CI: 1.07, 1.23) studies 

were both statistically significant, there was significant heterogeneity by study design (Phet 

<0.01). Study-specific effect estimates are shown in Supplementary Figure S2.

We present subgroup-specific results from the pooled analysis of the association between 

hypertension and endometrial cancer risk in Table 3. When stratified by race, we observed 

a statistically significant association between hypertension and endometrial cancer risk in 

White women (ORWhite = 1.14, 95% CI: 1.09, 1.20). In Black, Asian, and Other race 

women, the magnitude of the effect estimates was comparable to those in White women, but 

not statistically significant, likely due to smaller cell sizes (ORBlack = 1.09, 95% CI: 0.92, 

1.29; ORAsian = 1.12, 95% CI: 0.97, 1.30; OROther = 1.20, 95% CI: 0.91, 1.59; Phet = 0.43).

Hypertension was consistently associated with increased risk of endometrial cancer across 

most BMI strata, with the strongest association observed among women with BMI > 

30kg/m2 (ORBMI 30-34 kg/m2 = 1.24, 95% CI: 1.12, 1.37; ORBMI ≥ 35 kg/m2 = 1.17, 

95% CI: 1.04, 1.32). Among overweight women, we observed a borderline statistically 

significant association between hypertension and endometrial cancer risk, when compared 

with women without hypertension (ORBMI 25-29 kg/m2 = 1.07, 95% CI: 0.99, 1.15) (Phet = 

0.08). Hypertension was also associated with increased risk of endometrial cancer among 

the leanest women (ORBMI <25kg/m2 = 1.16, 95% CI: 1.07, 1.26). In the sensitivity analysis 

excluding BMI as a covariate, the association between hypertension and endometrial cancer 

was stronger (OR = 1.39, 95% CI: 1.34, 1.45) compared to the main model (OR = 1.14, 95% 

CI: 1.09, 1.19).

We additionally performed stratified analyses by age at menarche, parity, oral contraceptive 

use, menopausal status, postmenopausal hormone therapy use, smoking status, and diabetes 

status. We observed statistically significant differences across groups for menopausal status 

(Phet = 0.03) and postmenopausal hormone therapy use (Phet < 0.01). Associations of 

hypertension and endometrial cancer risk were similar by age at menarche, parity, oral 

contraceptive use, smoking status, and diabetes status (Phet for all > 0.05). We present results 

for the association between hypertension and endometrial cancer by histologic subtype 

removing cases with unknown histology (Supplementary Table S2). Hypertension was 

associated with an increased risk for both endometrioid (OR=1.56; 95% CI: 1.39, 1.76) 

and non-endometrioid cancers (OR= 1.51; 95% CI: 1.33, 1.71).

DISCUSSION

In this pooled analysis of individual-level data from almost 58,000 women, including 

nearly 16,000 cases, we found that hypertension is associated with a 14% increased risk 

of endometrial cancer, independent of diabetes, BMI, and reproductive factors.

Our results are consistent with several published studies that found that hypertension is 

a risk factor for endometrial cancer, independent of other known metabolic syndrome 
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risk factors.13, 14, 19-21 A systematic review and meta-analysis of six cohort studies and 

19 case-control studies reported that hypertension was associated with a 61% increase in 

endometrial cancer risk, with a weaker association observed among cohort studies when 

compared with case-control studies,19 consistent with our study findings. However, our 

results were not as pronounced as that systematic review, likely because the meta-analysis 

included effect estimates from studies that did not adjust for all known risk factors for 

endometrial cancer, particularly BMI. Another possible explanation is publication bias in 

the meta-analysis. In a case-control study evaluating the association between metabolic 

syndrome and endometrial cancer risk using SEER-Medicare linked data, hypertension was 

associated with a 13% increase in endometrial cancer risk , independent of body weight.13 

Another case-control study found a 57% increase in endometrial cancer risk in women 

with hypertension, adjusted for known risk factors and other components of metabolic 

syndrome.21 A population-based cohort study evaluating hypertension and gynecological 

cancer risk found an 88% increased risk of endometrial cancer , adjusting for known risk 

factors and relevant comorbidities, though they did not adjust for BMI.20 Taken together, 

these data suggest that hypertension may be a modifiable risk factor for endometrial cancer 

development. However, of note, several previous studies did not observe an increased risk 

of endometrial cancer by hypertension after adjusting for BMI, 23, 24 although one did find 

that hypertension was associated with an increased risk of endometrial cancer among obese 

women.24 It is important to note that these studies had small sample sizes.

The relationship between hypertension and endometrial cancer may be related to the 

influence of hypertension on hormonal, metabolic, and inflammatory pathways. However, 

the link between hypertension and cancer in general remains unclear.38 There is some 

evidence that suggests hypertension may play a role in inhibiting apoptosis, leading to 

the development of cancer.39-41 Hypertension has also been linked to increased levels of 

cytosolic calcium, which is related to cell proliferation activated by oncogenes and certain 

hormones that have mitogenic effects, such as angiotensin II, catecholamines, vasopressin, 

insulin, and growth hormone.41, 42 Further research evaluating these biologic mechanisms 

are needed to help inform the role of hypertension in endometrial cancer risk.

Strengths of our study include the large sample size and heterogeneous study population; 

this pooled analysis is one of the largest studies to examine the association between 

hypertension and endometrial cancer risk, to date. Our study design allowed us to combine 

individual-level data from 29 studies while consistently defining hypertension and other 

covariates across study sites. Additionally, few studies have comprehensively examined the 

association between hypertension and endometrial cancer risk. Most published literature on 

this topic has evaluated hypertension as part of the constellation of components of metabolic 

syndrome.10 Our study’s large sample size also allowed us to evaluate the association 

between hypertension and endometrial cancer risk within strata of established endometrial 

cancer risk factors. Our study also has several limitations to be noted. We did not have 

any information on antihypertensive drug use and the timing of hypertension diagnosis 

in relation to endometrial cancer diagnosis. Since we are unsure if the women in our 

study were receiving treatment for hypertension, we may not be observing the full effect 

of hypertension on endometrial cancer. It is important to note, however, that even with 

treatment information, not knowing whether individuals are compliant with their prescribed 
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antihypertensive mediation and, therefore, whether individuals’ hypertension diagnoses are 

managed well or unmanaged is a major issue across studies evaluating hypertension as a 

risk factor. Obtaining this information would be crucial in further evaluating hypertension 

as a modifiable risk factor for endometrial cancer risk. In addition, self-reported data was 

utilized, which may have resulted in residual confounding and misclassification of these 

variables towards the null, although self-report is an established method in epidemiological 

studies. Additionally, through the data harmonization process, there may be residual 

confounding introduced through collapsing of more detailed covariate data. There is 

potential for recall and selection bias for exposure and covariate data, particularly among 

the case-control studies, though estimates for risk factors published from the E2C2 have 

been similar across cohort and case-control study design.26 Cohort study sites provided 

information on menopausal status closest to the time of diagnosis if available, however some 

study sites were only able to provide menopausal status at baseline. This may have resulted 

in misclassification of some of the women. However, endometrial cancer is traditionally a 

disease affecting older women (74% of cases included were diagnosed post-menopause), 

thus misclassification is likely to be minimal. Some of the case-control studies included 

in this pooled analysis are hospital-based. Thus, there is the potential for findings to be 

influenced by selection bias (i.e., Berkson’s bias). However, after stratifying by study design 

the effect estimates were generally comparable. Finally, 82% of our study population was 

White and thus, our race/ethnicity stratified analysis is limited by small sample sizes.

In summary, we found that hypertension was associated with endometrial cancer risk, 

independent of known risk factors. Future risk stratification efforts to identify women at high 

risk of endometrial cancer should include hypertension as one of many predictive factors. 

In addition, research to evaluate whether existing intervention strategies to lower blood 

pressure (i.e., use of antihypertensive mediations, diet, and exercise) may help mitigate the 

rising burden of endometrial cancer. Further research is warranted evaluating the biological 

mechanisms underlying the observed association.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Descriptive characteristics of study population

Risk Factors

Cases
(N = 15,631)

Controls
(N = 42,239)

N (%) N (%)

Age (years)

  Mean (SD) 63.3 (9.8) 64.2 (10.4)

Race

  White 12485 (79.9) 34687 (82.2)

  Black 924 (5.9) 3479 (8.2)

  Asian 1778 (11.4) 2953 (7.0)

  Other/Unknown 444 (2.8) 1120 (2.7)

Body Mass Index, kg/m2

  < 25 5368 (34.3) 21098 (50.0)

  25 - 29 4595 (29.4) 13183 (31.2)

  30 - 34 2833 (18.1) 5145 (12.2)

  ≥ 35 2835 (18.1) 2813 (6.7)

Age at Menarche, years

  < 11 1095 (7.0) 2343 (5.6)

  11 - 12 6206 (39.7) 16631 (39.4)

  13 - 14 6343 (40.6) 17534 (41.5)

  ≥ 15 1987 (12.7) 5731 (13.6)

Parity

  0 2741 (17.5) 5579 (13.2)

  1 2574 (16.5) 5827 (13.8)

  2 4494 (28.8) 12483 (29.6)

  3 3186 (20.4) 9315 (22.1)

  ≥ 4 2636 (16.9) 9035 (21.4)

Menopausal Status

  Pre-/Peri-Menopausal 4064 (26.0) 12198 (28.9)

  Post-Menopausal 11567 (74.0) 30041 (71.1)

Oral Contraceptive Use

  Never 9769 (62.5) 24239 (57.4)

  Ever 5862 (37.5) 18000 (42.6)

Postmenopausal Hormone Use

  Never 10294 (65.9) 26275 (62.2)

  Ever 5337 (34.1) 15964 (37.8)

Smoking Status

  Never 9994 (63.9) 23900 (56.6)

  Former 4180 (26.7) 12249 (29.0)

  Current 1457 (9.3) 6090 (14.4)

Diabetes Status

  No 13772 (88.1) 39385 (93.2)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 December 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Habeshian et al. Page 16

Risk Factors

Cases
(N = 15,631)

Controls
(N = 42,239)

N (%) N (%)

  Yes 1859 (12.0) 2854 (6.8)
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