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Abstract

Objective—To examine the relationship between bilateral oophorectomy (BSO) and risk of
coronary heart disease (CHD).

Study Design—We searched PubMed, EMBASE, meeting abstracts, and reference lists for studies
that compared women with BSO at the time of hysterectomy to 1) women with hysterectomy and
ovarian conservation, 2) naturally menopausal women, 3) premenopausal women or, 4) women with
no history of hysterectomy or BSO but unreported menopausal status. The primary outcome was
fatal or nonfatal CHD.

Results—We reviewed 1,956 citations. Seven observational studies met inclusion criteria.
Heterogeneity among studies precluded formal meta-analysis. Four studies reported BSO increases
risk for CHD but only in some subgroups of women or not in fully adjusted multivariate models.
Three studies found no increased risk of CHD following BSO but these studies had significant
limitations.

Conclusion—The existing evidence is inconclusive to determine the effect of BSO on risk of CHD.
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INTRODUCTION

Hysterectomy is the most common major surgery among nonpregnant women in the United
States and half of these procedures include bilateral salpingo-oophorectomy.l: 2 The rate of

BSO has increased dramatically over the last 40 years though the most common age range for
hysterectomy has remained stable at 40—-44 years; in 1965, 25% of all hysterectomies included

BSO compared to 54% of the 600,000 hysterectomies performed annually from 2000-

2004.174 Although BSO is common, the potential adverse consequences of this procedure have

not been fully explored.
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BSO is routinely offered concomitant with hysterectomy as a prophylactic procedure to prevent
ovarian cancer and additional surgery for benign ovarian masses, and as treatment for pelvic
pain, premenstrual syndrome, and symptomatic endometriosis.>~10 However, the absence of
ovarian sex steroids following BSO has been associated with decreased sexual function, poorer
mental health, and an increased risk of fractures compared to women who undergo ovarian
conservation.11=15 Most concerning, some studies have reported that BSO increases risk for
coronary heart disease (CHD), the leading cause of death among women.16: 17

The proposed mechanism whereby BSO increases risk for CHD is a surgically induced
premature menopause. Younger age at natural menopause has been reported to increase risk
for CHD and death due to cardiovascular disease.1820 VVan der Schouw and colleagues
reported a 2% decrease in total cardiovascular mortality for each year of increasing age at
natural menopause.?! CHD risk with early natural menopause is thought to result from
additional years of endogenous estrogen deficiency which may accelerate the development of
atherosclerosis. A similar mechanism may apply to BSO because most women are
premenopausal at the time of surgery. Consequently, BSO results in a surgical menopause at
an earlier age than would occur naturally.

Although there is a plausible biologic mechanism for BSO as a risk factor for CHD, the
epidemiologic evidence for this association is conflicting. Several commonly cited cohort
studies have reported higher rates of fatal and nonfatal coronary events among women with a
history of BSO,16: 17 but others have found no association.?2: 23 In addition, a decision analysis
found that women who undergo BSO have an increased risk of total mortality compared to
those who elect ovarian conservation due to an excess risk of CHD.24 However, these findings
were primarily based on the CHD risk reported in a single cohort study among women who
had never used estrogen.

We performed a systematic review of the medical literature to clarify the association of BSO
and subsequent risk for CHD. We aim to provide an accurate summary of the existing evidence
to assist in preoperative counseling for women facing the decision of whether or not to undergo
an elective BSO at the time of hysterectomy.

MATERIALS AND METHODS

We searched PubMed (1966-2007) and EMBASE (1966-2007) to identify relevant citations.
In PubMed, MeSH terms for the predictor (“ovariectomy”, “oophorectomy”, “castration”,
“hysterectomy”, and “menopause”) were combined with MeSH terms for the outcome
(“coronary diseases”, “myocardial infarction”, and “cardiovascular disease”). The outcome
terms were restricted to subcategories epidemiology, etiology, or mortality. The term
“hysterectomy” was restricted to the “adverse effects” subcategory. To further focus the search
we used the following limits: humans, female, adult, and middle aged. In EMBASE, EMTREE
key words that matched the selected MeSH terms were applied to the search. No language
restriction was used. If multiple publications from the same cohort were identified, the

publication with the latest date or largest study population was included.

In addition, we reviewed all abstracts presented at the Annual Clinical Meeting of the American
College of Obstetricians and Gynecologists (ACOG) from 1996-2006 and the bibliography of
all retrieved articles. Finally, we consulted a cardiologist with expertise in women’s health for
recommendations of relevant articles, meetings, or scientific presentations to evaluate.

Inclusion criteria included cohort, case-control, cross-sectional, or clinical trial designs with
predictor variable BSO at the time of hysterectomy. Comparison groups could include: 1)
women with hysterectomy and ovarian conservation, 2) naturally menopausal women, 3)
premenopausal women, or 4) women with no prior hysterectomy or BSO whose menopausal
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status was unknown or unreported. Studies in which the comparison was to population-based
CHD rates were excluded because the possibility that the comparison group had undergone
BSO could not be excluded.

Studies were included if the primary outcome was CHD events defined as nonfatal myocardial
infarction or fatal CHD. Because the results of observational studies are susceptible to bias due
to confounding factors, we excluded studies that did not use matching, stratification, or
multivariate models in the analysis to address the effect of confounding. We included all
multivariate models irrespective of the number or types of variables included.

One author (V.J.) reviewed the title and abstract for all citations identified in the search. The
full text of relevant studies as well as those with no abstract, indeterminate content based on
the citation, or published in a foreign language were obtained. Among these studies, potentially
eligible manuscripts were evaluated by two authors (V.J. and G.S.) who abstracted complete
data from all studies that met inclusion criteria. If disagreement occurred with data abstraction
or eligibility criteria, consensus was obtained through discussion and re-evaluation. If
disagreement persisted, the third author (D.G.) arbitrated the final decision. This systematic
review was exempt from Institutional Review Board review.

Each study was categorized as high, intermediate, or poor quality based on study design, years
of follow-up, percent lost to follow-up, and the method of outcome ascertainment.2> We
defined a high quality study as one with a prospective cohort design, >10 years of follow-up,
<20% losses to follow-up, and adjudicated, blinded assessment of all reported CHD events.
Intermediate quality was defined as a retrospective cohort or case-control design, <10 years of
follow-up, >20% losses to follow-up, and/or unblinded assessment of the outcome or
adjudication of a subsample of events. Poor quality was defined as a cross-sectional design
with outcomes determined by self-report of the subject or health care provider, not confirmed
through review of the medical record.

We planned to perform formal meta-analyses to calculate mean variance-weighted odds ratios
for CHD comparing women with BSO at the time of hysterectomy to those without BSO.
However, heterogeneity of comparison groups and analysis strategies precluded combining
the data using meta-analytic techniques and applying statistical tests to assess publication bias.
In two studies that did not include tests of statistical significancel’: 26, we used the published
raw data to perform chi-squared tests for the comparisons of interest.

The searches identified 1,956 citations; 1,551 from PubMed, 399 from EMBASE, and 6 from
bibliographies of retrieved articles. There were no additional citations obtained from ACOG
meeting abstracts or consultation with the cardiologist. Fourteen articles required translation
into English. Based on review of the title and abstract, 1,882 citations were excluded due to
content or study design that did not meet inclusion criteria (Figure 1). Seventy four articles
were retrieved for further review. Of these, 58 studies were excluded because they were
duplicate publications, autopsy studies, letters to the editor, review articles, age at menopause
was the predictor variable, atherosclerosis diagnosed on angiogram was the outcome, or review
of the abstract in English precluded further consideration.

Sixteen potentially eligible studies were reviewed in full; nine were excluded from the final
analysis (Table 1). The most common reason for exclusion was use of a comparison group that
did not meet our inclusion criteria. Three studies compared CHD rates among women with
BSO to population-based CHD rates.2’~29 Two studies compared CHD rates in women who
underwent BSO at different ages, but did not evaluate women with BSO compared to ovarian
conservation.3% 31 Four observational studies were excluded because they did not use
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multivariate models or other methods to account for the potential effects of confounding in the
analysis.32735

Characteristics of the seven studies that met our complete inclusion criteria are outlined in
Table 2. Five cohort studies, 1 cross-sectional study, and 1 case-control study were included.
Self-reported BSO status was confirmed by formal review of medical records in all but 2
studies.23: 36 Six of the studies incorporated nonfatal myocardial infarction into a composite
cardiovascular outcome with angina, heart failure, or fatal CHD 16: 17, 22, 26, 36, 37 Qe study
used a cardiovascular disease index with 3 cardiac-related endpoints and stroke as the primary
outcome.36

Only one study was determined to be of high quality.1” The two largest cohort studies were
categorized as intermediate quality due to <10 years of follow-up time.16: 36 Three other studies
were rated intermediate quality due to a study design other than a prospective cohort analysis.
23, 26, 37 One study was deemed poor quality due to a cross-sectional design in which
conclusions about causal inference are limited.22

Table 3 illustrates the diversity of analysis strategies used in the included studies. Three studies
report CHD risk stratified by age alone or age at the time of surgery. 17- 26: 37 Four studies
used multivariate models with a diverse range of covariates and measures of association across
studies.16: 17: 22, 23 One study provided relative risks for myocardial infarction among women
with BSO in each of three age strata compared to women with natural menopause at age >50
years. To control for age in the comparison, we include only the results for women with a
history of BSO at age >50 years.23

Risk of CHD following BSO

Among the 7 included studies, 4 comparison groups were used to examine risk of CHD
following BSO: 1) women who underwent hysterectomy and ovarian conservation, 2) naturally
menopausal women, 3) premenopausal women, and 4) women with no history of hysterectomy
or BSO but menopausal status was not reported in the study. Because each of these groups
likely has a unique set of risk factors for CHD, we present results separately for each
comparison group (Table 3).

Comparison group: Hysterectomy and ovarian conservation

Two studies report the incidence of CHD among women with BSO compared to ovarian
conservation concomitant with hysterectomy (Table 3).17: 26 Ritterband et al reported no
significant difference in the percent of subjects with arteriosclerotic heart disease by BSO status
in multiple subgroup analyses by age at surgery, age at exam, parity, history of estrogen use,
or indication for surgery.28 In the Framingham cohort study, there was no statistically
significant increase in the annual incidence of CHD among women with a history of
hysterectomy and BSO in all age categories from 40-54 years.

Comparison group: Naturally menopausal women

Three studies evaluated the risk of CHD following BSO compared to natural menopause (Table
3). In a case-control study of women with a first nonfatal MI, BSO at age >50 years was not
identified as a significant predictor of CHD after controlling for cardiovascular risk factors and
the use of estrogen.23 In a large observational study of nearly 90,000 women, there was a small
increase in risk of cardiovascular disease in the BSO group in both unadjusted analysis and
multivariate models (hazard ratios 1.11-1.23).36 There was no statistically significant
difference in the incidence of CHD between groups in the Framingham cohort study.1’
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Comparison group: Premenopausal women

Two studies examined the risk of CHD among women who underwent hysterectomy and BSO
compared to premenopausal women. In a large cohort of nurses who had never used estrogen,
the relative risk for CHD was 2.2 (95% C.I. 1.2,4.2) after adjusting for age and smoking, 16
This risk was attenuated to 1.7 (95% CI 0.9, 8.6) after adjustment for additional CHD risk
factors including hypertension and hyperlipidemia. There was not a statistically significant
increased risk of CHD with BSO among women who had ever used estrogen. In the
Framingham cohort study, the annual incidence of CHD was higher among women with a
history of BSO compared to premenopausal women in the age strata 40-44 years, but not
among women 45-54 years.1’

Comparison group: Women with no history of hysterectomy or BSO, menopausal status

unknown

In two studies, the comparison group was women with no history of hysterectomy or BSO but
the menopausal status of the comparison group is not explicitly stated in the manuscript. In
unadjusted analyses, Svanberg et al found a higher incidence of myocardial infarction and
angina among women age 5265 years with a history of BSO but this risk was not statistically
significant among women age 66-75 years. Luoto et al reported no statistically significant
increase in the odds ratio for angina, myocardial infarction, or heart failure for women with a
BSO in multivariate models that controlled for multiple CHD risk factors..22

COMMENT

In this systematic review of the medical literature, there was inconclusive evidence to determine
if BSO is an independent risk factor for CHD. There were no randomized trials of BSO and
only 7 observational studies that met our inclusion criteria. Although 4 of these studies
suggested some increased risk of CHD following BSO16: 17, 36, 37 the risk was statistically
significant in only certain subgroups of women or in some multivariate models, but not the
fully adjusted models. Three studies found no statistically significant increased risk of CHD
among women who underwent BSO22: 23, 26 pyt these studies had several shortcomings in
study design and/or statistical analysis.

The Framingham cohort was the only study that we rated high quality based on long term
follow-up of a prospective cohort using adjudicated CHD outcomes. However, no tests of
statistical significance are presented for the comparisons of interest; we calculated the p values
in Table 3 based on raw data in the manuscript.1” The 6 other studies were rated intermediate
or poor quality based on limited follow-up time,16: 36 or a weak study design.22: 23, 26, 37
These observational studies are susceptible to bias due to confounding that is best addressed
through multivariate models that include baseline predictors of CHD risk. We only included
studies that utilized one of three accepted method to address confounding (matching,
stratification, or multivariate models). However, 2 studies were significantly limited because
they stratified participants only by age, not according to other risk factors for CHD.17: 37 Only
4 studies used rigorous multivariate models to adjust for common cardiovascular risk factors
such as age, smoking, and hypertension. Two of these studies found no statistically significant
increased risk of CHD following BSO22: 23 and the other 2 studies reported a modest increased
risk in the least adjusted models with relative risks from 1.19 to 2.2, but not in the fully adjusted
models.16: 36 Although the most adjusted models may include variables in the causal pathway
between BSO and CHD and thus hinder the ability of the study to detect BSO as a significant
risk factor, exploring the potential for confounding with a diverse range of variables is critical
given the inherent limitations of observational data.
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A significant limitation of the majority of studies is the selected comparison group of women
with no prior hysterectomy who were either naturally menopausal or premenopausal. Women
who undergo hysterectomy have an increased prevalence of multiple cardiovascular risk factors
and an increase risk of CHD events compared to women who do not undergo hysterectomy.
22, 36, 38 geveral mechanisms have been proposed to explain this association including
postoperative changes in prostaglandin levels,3® hemoglobin and iron storage,*%=42 insulin
levels,*3 or the demographic, socioeconomic, and lifestyle characteristics of women with high
rates of hysterectomy.36 For instance, in a large cohort study, African-American and Hispanic
women had higher rates of hysterectomy compared to white women, and women with a history
of hysterectomy reported lower socioeconomic status, less physical activity, higher saturated
fat intake, and higher rates of hypertension, diabetes, and hyperchloesteremia.36 Therefore, to
assess the independent contribution of BSO to CHD risk, the appropriate comparison group is
women who undergo hysterectomy with ovarian conservation rather than women who have
not had a hysterectomy. In our review, only 2 studies used this comparison group; Neither of
them found a statistically significant difference in the rate of CHD compared to hysterectomy
with BSO. 26:17

Three additional issues limit the interpretation of the 7 included studies. First, age and
menopausal status at the time of BSO likely contribute to the risk of CHD following surgery.
Premature cessation of ovarian estrogen production following BSO in a young woman remote
from menopause will have different cardiovascular effects then BSO in an older
postmenopausal woman. However, only 2 studies stratify participants by age at BSO and none
report menopausal status at the time of surgery. Ritterband reported equal rates of CHD
between women with a history of BSO between age 16 and 40 years compared to those who
underwent hysterectomy and ovarian conservation. However, this study had limited power to
detect a difference in CHD rates due to a relatively small sample size. Second, postoperative
estrogen use may influence the risk of CHD following BSO, but only 4 studies16: 22, 23, 26
included hormone use in the analysis and 3 of them did not report the duration of use. In the
last 25 years, estrogen has frequently been prescribed for postoperative patients with rates as
high as 85% among premenopausal women following BSO in some studies.** Estrogen
deficiency due to BSO has been postulated to increase risk of CHD. Therefore, understanding
the effect of exogenous estrogen on the relationship between BSO and CHD is critical for
counseling women regarding the risks and benefits of BSO. Finally, 2 studies did not validate
self-report of hysterectomy and/or BSO using medical records which may lead to
misclassification of these groups.23: 36 However, several studies have found high accuracy for
the self-report of hysterectomy and/or BSO among various cohorts of women so the effect of
these misclassifications is unlikely to be highly significant.>: 46

To our knowledge, this is the first systematic review that examines the association between
BSO and risk of CHD events. Although a recent meta-analysis of multiple outcomes following
BSO presented a summary relative risk of 2.62 for cardiovascular disease (95% Cl, 1.15-1.35)
among women who had a BSO,*’ half of the six included studies presented risk factors for
cardiovascular disease as the primary outcome including aortic calcification*8 and stenotic
vessels diagnosed at autopsy“ rather than CHD events. In addition, this meta-analysis includes
two reports from the same cohort of women?6: 50 and presents only the least-adjusted model
from a large cohort study.® Our review focuses on actual coronary events to avoid the
limitation of surrogate markers that may not be appropriately validated for a population of
middle-aged women following hysterectomy. In addition, we present data from all multivariate
models within each study to demonstrate the effect of confounding variables on relevant
measures of association.

The goal of this review is to provide accurate data to inform clinical practice for women
considering the option of elective BSO concomitant with hysterectomy. Unfortunately, the
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current evidence on BSO and CHD precludes a definitive recommendation. We did not
encounter any randomized trials that address this topic and, as described, the observational
data had significant limitations. Nearly all of the studies used a comparison group that does
not address the primary question of whether hysterectomy with BSO confers additional CHD
risk compared to hysterectomy alone. In addition, the significant heterogeneity of multivariate
models among the studies prohibited the formulation of a unified conclusion on the risk of
BSO. While further observational research may enrich our understanding of CHD risk
following BSO with use of appropriate comparison groups and statistically rigorous analyses,
randomized trials will provide the highest quality data to answer this common clinical question.
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