1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Gynecol Oncol. Author manuscript; available in PMC 2021 September 13.

-, HHS Public Access
«

Published in final edited form as:
Gynecol Oncol. 2020 July ; 158(1): 123-129. doi:10.1016/j.ygyno.2020.04.700.

Cardiometabolic comorbidities and epithelial ovarian cancer risk
among African-American women in the African-American Cancer
Epidemiology Study (AACES)

Jeanine N. Staples, M.D.1, Lauren C. Peres, Ph.D.2, Fabian Camacho, M.S.3, Anthony J.
Alberg, Ph.D.4, Elisa V. Bandera, Ph.D.>, Jill Barnholtz-Sloan, Ph.D.%, Melissa L. Bondy,
Ph.D.7, Michele L. Cote, Ph.D.8, Ellen Funkhouser, Ph.D.?, Patricia G. Moorman, Ph.D.19,
Edward S. Peters, Sc.D.}1, Ann G. Schwartz, Ph.D.8, Paul D. Terry, Ph.D.12, Joellen M.
Schildkraut, Ph.D.13

1Division of Gynecology Oncology, Department of Obstetrics and Gynecology, University of
Virginia, Charlottesville, VA, USA

2Department of Cancer Epidemiology, H. Lee Moffitt Cancer Center and Research Institute,
Tampa, Florida, USA

SDepartment of Public Health Sciences, University of Virginia, Charlottesville, Virginia, USA

“Department of Epidemiology and Biostatistics, Arnold School of Public Health, University of
South Carolina, Columbia, SC, USA

SDepartment of Population Science, Rutgers Cancer Institute of New Jersey, New Brunswick,
New Jersey, USA

6Department of Population and Quantitative Health Sciences and Case Comprehensive Cancer
Center, Case Western Reserve University School of Medicine, Cleveland, OH, USA

“Cancer Prevention and Population Sciences Program, Baylor College of Medicine, Houston,
Texas, USA

8Karmanos Cancer Institute, Wayne State University School of Medicine, Detroit, MI, USA

°Division of Preventive Medicine, University of Alabama at Birmingham, Birmingham, Alabama,
USA

Corresponding Author: Jeanine N. Staples MD MPH, Division of Gynecologic Oncology, Department of Obstetrics and
Gynecology, University of Virginia Health 35 System, Box 800712, Charlottesville, VA 22908, Telephone: (434) 924-8703,

jséaf@hscmail.mcc.virginia.edu.

Author contributions: Data acquisition: AA, MB, EB, PM, JMS, EF, J B-S, EP, AS, MC, PT, SC. Data Management/Data analysis:
INS, LA, FW, FC. Manuscript preparation: JNS, JMS, PM, EB, AA, J B-S. All authors read and approved the final manuscript.
CRediT Author Statement

Author contributions: Data acquisition: AA, MB, EB, PM, JMS, EF, J B-S, EP, AS, MC, PT, SC. Data Management/Data analysis:
INS, LA, FW, FC.

Manuscript preparation: JNS, JMS, PM, EB, AA, J B-S. All authors read and approved the final manuscript.

Conflict of interest: The authors declare that they have no competing interests.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Staples et al. Page 2

10Department of Community and Family Medicine, Duke University Medical Center, Durham, NC,
USA

11Epidemiology Program, Louisiana State University Health Sciences Center School of Public
Health, New Orleans, Louisiana, USA

2Department of Medicine, University of Tennessee Medical Center — Knoxville, Knoxville,
Tennessee, USA

13Emory University Rollins School of Public Health, Atlanta, GA, USA

Abstract

Background: Studies that have examined the association between cardiovascular comorbidities
and epithelial ovarian cancer (EOC) have yielded inconsistent results. It remains unknown whether
cardiometabolic disease is associated with EOC in African American (AA) women, who have a
higher prevalence of cardiovascular disease and lower risk of EOC than White women. Here, we
estimate the effect of cardiovascular comorbid conditions and EOC risk among AA women.

Methods: Data were available from 593 ovarian carcinoma patients and 752 controls enrolled

in the African American Cancer Epidemiology Study (AACES). Participants were asked to self-
report a history of hypertension, hyperlipidemia, and diabetes and any current medication use.
The relationship between hypertension, hyperlipidemia, diabetes, and medications taken for these
conditions was determined using multivariate logistic regression.

Results: Hypertension was associated with an increased risk (adjusted odds ratio (aOR)=1.32,
95% confidence interval (Cl)=1.01, 1.73), whereas diabetes and hyperlipidemia were associated
with a decreased risk (aOR=0.67, 95% CI=0.49, 0.91 and aOR=0.61, 95% CI1=0.47, 0.80,
respectively) of EOC. Use of anti-diabetic medication was inversely associated with EOC risk, as
was use of lipid lowering medications (in the overall study population), which were predominantly
statins. Among women with hypertension, use of anti-hypertensive medications was inversely
associated with EOC risk, with associations that were most pronounced for diuretics, ARBs and
ACE inhibitors.

Conclusion: Hypertension was associated with an increased EOC risk in this patient population,
whereas an inverse association was observed for diabetes and hyperlipidemia. The decreased risk
of EOC identified with use of anti-hypertensive, anti-diabetes or lipid-lowering medications could
have implications for risk reduction strategies.

Keywords
Ovarian cancer risk; disparities; cardiovascular disease

Introduction

Ovarian cancer is the most lethal of all gynecological malignancies. The Surveillance,
Epidemiology, and End Results (SEER) Program estimates 22,530 new cases will be
diagnosed in 2019 and 13,980 thousand women will die from the disease [1]. The age-
adjusted incidence rate is highest among White women (12.1 per 100,000), followed by
Hispanics (10.3), Asian/Pacific Islanders (9.4), and African American (AA) women (9.2)
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[2]. The observed variability of incidence rates between racial/ethnic sub-groups is likely
multifactorial, but the current literature evaluating these differences is somewhat limited.
Further research on etiologic risk factors for ovarian cancer is necessary, particularly among
minority women who are underrepresented in epidemiological studies.

The impact of cardiometabolic disease and use of various cardiometabolic agents on risk

of epithelial ovarian cancer (EOC) has previously been explored, but data is limited and
somewhat inconsistent. Hypertension and diabetes are perhaps the most studied, given

the relatively high prevalence among the general population (33% and 10%, respectively
[3]). Studies evaluating the association between hypertension and EOC risk have had
mixed findings [4-7]. Investigators have shown that certain anti-hypertensive agents may
be positively associated with EOC risk, while others are not [4]. The Nurses Health Study
(NHS) showed a positive association between use of thiazide diuretics and EOC, yet no
associations were observed for beta-blockers or ace-inhibitors [4]. In a meta-analysis of 19
observational studies, women with diabetes had a modest increased risk of ovarian cancer
[8]. Additionally, recent data suggests a weak positive association between hyperlipidemia
and EOC risk [5, 7]. Although statins have been suggestively inversely associated with risk,
no association has been identified between biguanide (metformin) use and EOC risk [9, 10].

It remains unknown whether cardiometabolic disease or medication use is associated with
risk of EOC in AA women, who generally have a higher prevalence of diabetes and
cardiovascular disease than Whites [3]. The goal of the present study is to investigate the
potential influence of cardiometabolic co-morbidities and their associated medication use on
EOC risk among AA women.

Study Design and Participants

AACES is a population-based case—control study of self-identified AA women with incident
invasive EOC in 11 geographic locations in the United States (Alabama, Georgia, Illinois,
Louisiana, Michigan, New Jersey, North Carolina, Ohio, South Carolina, Tennessee, and
Texas). Institutional review board approval was obtained from the University of Virginia
School of Medicine and all participating institutions. The methods used in AACES have
been previously described [11] and are briefly reported here. Cases were identified using
rapid case ascertainment through cancer registries, hospitals, and gynecologic oncology
clinics. Inclusion criteria for cases included self-identified AA women, between 20 and 79
years of age, and diagnosed with histologically confirmed incident EOC between December
1, 2010 and December 31, 2015. Controls were identified using random digit dialing and
were frequency-matched to cases by 5-year age categories and geographic location. Controls
were eligible if they self-identified as AA and excluded if they had a previous diagnosis of
EOC or if they had a prior bilateral oophorectomy. Cases and controls completed a baseline
telephone survey including detailed questions on demographics; reproductive, gynecologic,
and medical history; exogenous hormone use; personal and family history of cancer; and
lifestyle characteristics including smoking, alcohol consumption and physical activity.
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Participants were asked to self-report a history of hypertension, hyperlipidemia, or diabetes
mellitus and the age at diagnosis for each condition. Women who reported a comorbidity
diagnosis after the reference date (cases: diagnosis of EOC; controls: time of interview)
were categorized as not having the disease (n=7 women with diabetes, 9 women with
hyperlipidemia and 15 women with hypertension). Participants were also asked to report any
medication use, as well as duration and indication of use, at the time of the interview. The
names of each drug were reviewed and categorized by mechanism of action (Supplementary
Table 1). Women reporting use of combination medications (e.g., diuretic and calcium
channel blocker) were categorized as use of both types.

Statistical Analysis

Results

Characteristics of cases and controls were compared using chi-square and t-tests.
Multivariable logistic regression was used to calculate odds ratios (ORs) and 95%
confidence intervals (CIs) for the association between each comorbidity and their
medications with risk of EOC. All models were adjusted for study site, age (continuous),
parity (0, 1-2, >2 live births), family history of breast or ovarian cancer in a first degree
relative (yes/no), duration of oral contraceptive pill (OCP) use (continuous), education
(graduated high school, some education after high school, college graduate) and body mass
index (<25, 25-30, 30-35, 35-40, >40 kg/m?2). For the models evaluating each comorbidity
and EOC risk, we provide an additional model adjusted for the presence of the other
co-morbidities (e.g., for the association between diabetes and EOC risk, hypertension and
hyperlipidemia were included as covariates in the model). We also assessed whether a
combination of comorbid conditions was associated with EOC risk (e.g., HTN and HLD,
HTN and DM). For the models evaluating medication use and EOC risk, ORs were
calculated among the entire study population and also among the women with that specified
comorbidity. All analyses were repeated, restricted to the most common histotype, high-
grade serous carcinoma (HGSC). We also assessed interactions between each comorbidity
and their associated medication use with EOC risk. All analyses were conducted using SAS
version 9.4.

Characteristics of the cases and controls are found in Table 1. Significant differences in the
distribution of EOC risk factors such as parity, BMI, OC use, and family history of breast or
ovarian cancers are observed by case-control status.

When controlling for the presence of other co-morbidities, hypertension is associated with
an increased risk of EOC, OR=1.32 (95% CI=1.01, 1.73) (Table 2). The association appears
to significantly weaken over time, with women who have hypertension for <10 years
conferring a stronger risk (OR=1.59, 95% Cl=1.17, 2.16) than those with hypertension

for 10 years or longer (OR=1.10, 95% CI=0.81, 1.50) (P=0.02 for comparison of ORs).
Conversely, hyperlipidemia or diabetes is associated with a decreased EOC risk, OR=0.61
(95% Cl=0.47, 0.80) and OR=0.67 (95% CI= 0.49, 0.91), respectively. No differences were
observed by duration of diabetes or hyperlipidemia. Among the study population, 13.8% of
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cases (N=53) and 12.5% of controls (N=94) were diagnosed with all three co-morbidities. A
diagnosis of all three comorbidities is associated with a decreased EOC risk, OR=0.58 (95%
Cl=0.38, 0.89), suggesting that the impact of hyperlipidemia and diabetes outweigh the risk
impact of hypertension when all three are present. When restricting to HGSC, the ORs for
hypertension, diabetes and hyperlipidemia were similar to that of all EOC (Supplementary
Table 2), but the association diminishes for those with hypertension for 10 years or longer
(OR=0.93, 95% CI=0.65, 1.34).

Among the entire study population, a suggestive inverse association is present between
ever use of any anti-hypertensive medication and EOC risk, OR=0.79 (95% CI=0.62, 1.02),
while among women with hypertension this association is more pronounced, OR=0.43
(95% C1=0.28, 0.66) (Table 3). Indications for use of anti-hypertension medication among
women who do not have hypertension include anxiety, cardiac arrythmia, peripheral

edema and congestive heart failure. Among women with hypertension, use of diuretics,
angiotensin-converting-enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBS)
was associated with a decreased EOC risk, while no association was present for calcium
channel blockers (CCB) or beta blockers (BB). There were 23 cases and 33 controls

who used anti-hypertensive medication for indications other than hypertension, which was
associated with an increased risk (OR = 1.36, 95% CI 0.72, 2.54) compared to the inverse
association for anti-hypertensive medication use among hypertensive patients (OR = 0.46,
95% CI 0.30, 0.71, interaction p=0.006, Table 4).

Among the study population, ever use of any anti-diabetes medication is associated with a
decreased risk of EOC (OR=0.58, 95% CI 0.42, 0.79). Use of anti-diabetes medications
among non-diabetics is rare (N=8 cases and N=6 controls) and limited to biguanide
(metformin) use for other diseases related to insulin-resistance (eg. PCOS and fatty liver
disease). Among women with diabetes, the reduced risk of EOC with use of anti-diabetes
medication is even more pronounced (OR=0.47, 95% CI 0.26-0.86). Women with untreated
diabetes made up 28% of cases and 17% of controls. Use of metformin is associated

with a decreased risk of EOC (OR=0.63, 95% CI 0.43, 0.93). A suggestive, but not
statistically significant, inverse association for use of insulin and sulfonylurea was also
present (OR=0.66, 95% CI 0.37, 1.16 and OR=0.82, 95% CI 0.47, 1.42, respectively).

An interaction between use of medication and presence of diabetes with EOC risk was
observed (p=0.007, Table 4). Ever use of any lipid lowering medication is associated with

a decreased risk of EOC in the study population (OR=0.52, 95% CI 0.39, 0.69), which is
largely driven by statins (OR=0.55, 95% CI 0.41, 0.73). Although use of non-statin lipid
lowering medications was rare (n=18), an inverse association with EOC risk was observed
(OR=0.25, 95% CI 0.07, 0.84). No interaction was observed between use of medication and
presence of hyperlipidemia with EOC risk (p= 0.825, Table 4). Again, restricting to HGSC
revealed results similar to the overall findings (Supplemental Table 3).

Discussion

In the largest case-control study of AA women with EOC, we found that hypertension is
associated with an increased EOC risk, yet among hypertensive women, ever use of any
anti-hypertensive medication is associated with a decreased EOC risk. Due to the common
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nature of polytherapy for hypertension, we evaluated specific medications and observed that
use of diuretics, ARBs and ACE inhibitors were all associated with a decreased risk of
EOC, while CCB and BB use did not show an effect. Race is an explicit branch-point in the
treatment algorithm for hypertension. Diuretics or CCB are recommended for monotherapy
in AA individuals without chronic kidney disease (CKD), whereas ACE-I should be used in
AA with CKD and proteinuria because of the higher incidence of end-stage renal disease

in AA patients [12, 13]. One could argue that diuretics should be prioritized as initiating
treatment over CCB among AA, particularly among those who may be at increased risk for
EOC. While the impact of CCB on EOC risk did not reach statistical significance, there was
a borderline positive association with risk among the study population.

In the Nurses’ Health Study (NHS) [4], hypertension was not associated with EOC risk,
yet current use of any anti-hypertensive medication was associated with a slightly increased
risk, primarily driven by use of thiazide diuretics. Furthermore, CCBs were associated with
a decreased risk in the NHS. Findings from our study directly conflict to those of the

NHS, potentially as a consequence of evaluating a different patient population. With 97%
White enrollment in the NHS [14], there is a notable lack of diversity in the NHS study
population. Moreover, the prevalence of hypertension among women in the NHS study was
lower than that of our study population (33% in NHS vs. 56% among controls and 65%
among cases in AACES). Additionally, use of anti-hypertension medication use was 36%
in the NHS compared to 55% in AACES. Perhaps the most substantial difference between
AACES and NHS is the study design and data collection procedures. As NHS is a cohort
study with continuous biennial follow-up, a history of anti-hypertensive medication use
prior to diagnosis could be determined. In AACES, medication use was defined at the time
of the questionnaire, coinciding with diagnosis and interview. Thus, AACES was able to
evaluate the association between “current use” and EOC risk. Furthermore, other studies
have reported findings consistent with the present study. Bjorge, et al found that among
287,320 women from Austria, Norway and Sweden, hypertension was associated with a
slightly increased risk of ovarian cancer, particularly among endometrioid tumors [7]. More
recently, a large SEER-Medicare case-control study including 298,728 women found that
hypertension was associated with a modest increased risk for ovarian cancer [5].

The precise mechanism underlying the association between hypertension and EOC risk is
not clear. In studies with animal models, hypertension may result in abnormal proliferation
and a defective growth stimulatory-inhibitory control [15]. High blood pressure does appear
to increase the risk of other types of cancer, but more research is needed to clarify the
association between hypertension and ovarian cancer [16]. Furthermore, teasing out the
interaction between hypertension and use of anti-hypertensive medications is paramount
to better understand the complex relationship with EOC risk. We found that among
women with hypertension, use of anti-hypertensive medication is inversely associated with
risk of EOC. This offers a potential explanation to the diminishing association between
hypertension and EOC over time. We found that women who have had hypertension

for <10 years have a more pronounced positive association (OR=1.59) than those who

had hypertension for 10 years or longer (OR=1.10). Prolonged use of anti-hypertensive
medication may potentially play a role in combating the pro-inflammatory and pro-
stimulatory state of hypertension.
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Beta-blockers are perhaps the most studied anti-hypertensive medication from an
epidemiologic standpoint. Pre-clinical evidence shows that continuous adrenergic activation
can promote ovarian cancer growth and metastasis [17]. Thus, the anti-adrenergic nature of
beta-blockers has been a topic of interest with respect to improving survival outcomes. In
perhaps the largest study examining this topic to date, including 1425 patients with ovarian
cancer, beta blockers were associated with better survival [18]. Hefner and Csef further
explored this in 2017 with a confirmatory qualitative systematic review [19]. Subsequent
studies have shown that beta-blockers do not influence the prognosis of patients with
epithelial ovarian cancer [20]. Few studies, however, have looked at the relationship between
beta blockade and ovarian cancer risk. NHS found no association between beta-blocker use
and risk of developing ovarian cancer, which is consistent with our findings [4].

In the present study, we found that hyperlipidemia was associated with a decreased risk of
EOC, and among the entire study population, ever use of any lipid-lowering medication was
also inversely associated with risk. Hyperlipidemia may cause increased tumor angiogenesis,
reduced apoptosis and increased tumor cell proliferation due to its effect on various
signaling pathways [21] and relevant proteins, such as cell survival kinase Akt [22]. When
compared to healthy controls, aberrant lipid metabolism has been detected in ovarian cancer
patients during early and late stages of disease, including patients with recurrent disease [23,
24]. While a number of epidemiologic studies have shown differing associations between
cholesterol and cancer risk by cancer site and sex [16], our findings are consistent with

a large longitudinal cohort study that found patients with hyperlipidemia have a 33%
decreased risk of breast cancer [25]. Other studies have shown a modest increased EOC

risk among women with hyperlipidemia (5, 7). Treatment with lipid-lowering medications
may contribute to the observed decreased risk of EOC among women with hyperlipidemia in
the present study. While a significant interaction was not identified between hyperlipidemia
and use of lipid-lowering medications, among women with hyperlipidemia, use of any
lipid-lowering medication was associated with a 33% decreased risk of EOC. These
findings are consistent with the New England Case Control (NEC) Study, including 2,040
cases with EOC and 2,100 frequency-matched controls, who found that women who used
statins had a 32% lower risk of ovarian cancer compared to non-users [26]. Basic science
research suggests that statins’ inhibition of HMG-CoA reductase leads to reduced levels of
mevalonate and its downstream products which are critical for cellular functions related to
cell cycle progression [27]. Thus, disruption of these processes could theoretically suppress
tumor initiation, growth and metastasis [27]. This warrants future investigation of the
potentially beneficial effect of these medications on women at risk for EOC.

Several underlying mechanisms by which diabetes and carcinogenesis may be linked have
been proposed. Exposure to chronic hyperglycemia may induce formation of reactive
oxygen species, reduce tumor suppression from AMP-activated protein kinase, and lead

to the accumulation of advanced glycation end products that modulate the mitogenic NF-kB
pathway [28, 29, 30]. Hyperglycemia also reduces IGF binding protein, resulting in higher
exposure to growth-stimulating IGF-1 and IGF-11 [30]. As such, most studies have shown

a weak positive association between circulating insulin levels and ovarian cancer risk [10].
However, in Michels et al, an impaired fasting glucose was associated with a decreased

risk of ovarian cancer, which is consistent with our findings [5]. While we found that
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diabetes was associated with a decreased risk of EOC, there was a significant interaction
between diabetes and medication use suggesting that women without diabetes who took
diabetes medications had a borderline positive association with EOC risk, while an inverse
association was present for women who had diabetes and took diabetes medications. This
finding highlights the importance of medication use in modifying risk. The antitumor effect
of metformin is thought to be related to a reduction of insulin and insulin-like growth factor.

Our study has many strengths including a large sample size, population-based study, and
detailed information on use of different classes of medications and known ovarian cancer
and cardiometabolic risk factors. Furthermore, this is the first study to evaluate these
associations among AA women. However, there are limitations to consider. Presence of
comorbidities was based on self-report; however, there is data to suggest a moderate
overall concordance between patient self-reports and claims records for clinical diagnosis
and substantial concordance for medication use [32]. Any misclassification errors due

to under-reporting of comorbidity diagnoses would likely attenuate the association with
EOC risk. A detailed history of prior medication use was not available in this study and
remains an important area of investigation for future studies. Individuals who engage in
the health care system and attempt to manage their disease with medications may differ
from those who do not engage. The present study did not have information on medication
compliance or the extent of cardiometabolic disease severity or control. Thus, we cannot
assume that medication use (or report thereof) implies regular engagement in the health
system, compliance, or adequate disease control. Although this is the largest case-control
study of EOC in African-American women, there were relatively small numbers of women
in certain strata of medication use, potentially impacting our power to detect an association.

In summary, this study population of AA women had a high prevalence of cardiometabolic
conditions. We observed that hypertension is associated with an increased risk of EOC
among AA women, and hyperlipidemia and diabetes both confer a decreased risk. Moreover,
our observation of inverse associations with EOC risk for use of medications for each
comorbidity highlights the need for further research to examine the mechanisms underlying
this finding and demonstrates the importance of adequate management of these chronic
conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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