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Abstract

Background: Women undergoing hysterectomy for benign disease are presented with the choice of ovarian
conservation or removal. The beneficial effect on ovarian cancer must be weighed against the risks of ovarian
hormone withdrawal. Wide variations in practice patterns exist.
Methods: The purpose of this review article is to summarize and critically evaluate the existing primary evidence
regarding the impact of adnexal conservation versus removal on the specific health issues of ovarian cancer,
coronary heart disease (CHD), sexual and cognitive function, and osteoporotic hip fractures.
Results: Elective bilateral salpingo-oophorectomy (BSO) in women under 50 years is associated with an in-
creased risk of CHD and sexual dysfunction. In women older than 50 years, there is no observed association
between BSO and CHD, sexual dysfunction, osteoporotic hip fractures, or cognitive function. Oophorectomy is
associated with a lower risk of death from ovarian cancer.
Conclusion: Elective BSO should be discouraged in women under 50 years old. In postmenopausal women,
however, BSO can reduce ovarian cancer rates without an adverse impact on CHD, sexual dysfunction, hip
fractures, or cognitive function.

Introduction

The pendulum has swung the other way. Historically,
any woman aged 40 or older undergoing a hysterectomy

for benign disease was offered an elective bilateral salpingo-
oophorectomy (BSO). This is the only intervention that is
successful in dramatically reducing the chance of developing
ovarian cancer, the most lethal gynecologic malignancy due to
its poor early detection rates.1 Between 1965 and 1999, the
percentage of benign hysterectomies performed with a con-
comitant BSO increased from 25% to 55%. More recently,
however, elective BSO rates have declined, particularly in
women aged 45–49 years.2 This practice change possibly oc-
curred in response to the revised recommendation released by
the American College of Obstetricians and Gynecologists,
which stated that strong consideration should be made for
retaining normal ovaries in premenopausal women who are
not at increased genetic risk of ovarian cancer.3 Overall, in
these younger women, the negative effects of ovarian hor-
mone deprivation are thought to outweigh the beneficial ef-
fects on ovarian cancer, although conflicting data exist,
particularly with regard to coronary heart disease.

The contemporary enthusiasm regarding ovarian conser-
vation is potentially derived from the results of a Markov
decision analysis model, which used published age-specific
data for absolute and relative risk, both with and without
oophorectomy, for ovarian cancer, coronary heart disease, hip
fracture, breast cancer, and stroke to estimate the optimal
strategy for maximizing survival for women at average risk
for ovarian cancer. 4 This decision analysis, published in 2005,
determined that ovarian conservation until at least age 65
benefits long-term survival and should be used as the new
discriminatory age for routine ovarian removal. A critical
appraisal of exactly what data was used in this decision
analysis model, however, is necessary before applying this
recommendation to any individual woman undergoing
surgery.

Besides conflicting data regarding clinical factors that in-
fluence surgical decision making, nonclinical factors also
commonly influence elective BSO rates. In a cross-sectional
analysis of over 500,000 benign hysterectomies performed in
the United States in 2005, a significant variation in the practice
of elective BSO was reported, with race, insurance status, in-
come, and geographic location all identified as influential
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variables.5 A review of 145,000 hysterectomies performed in
New York State between 2001 and 2006 found that, again,
both race and insurance status were associated with elective
BSO.2 An approved checklist that transparently outlines an
individual risk/benefit ratio based on a discussion between
each patient and her surgeon regarding ovarian cancer pre-
vention, coronary heart disease, osteoporosis, sexual health,
cognitive function, and need for reoperation does not exist,
introducing the potential for a wide variance in counseling
patterns and decision making. As 600,000 hysterectomies are
now performed annually in the United States for benign dis-
ease alone,6,7 lack of consistency in counseling and approach
can have significant health implications for women.

The purpose of this review article, therefore, is to summa-
rize the existing primary evidence regarding the impact of
adnexal conservation versus removal on the specific health
issues of ovarian cancer, heart disease, sexual and cognitive
function, and osteoporotic hip fractures to assist in the
achievement of a decision based on evidence regarding clin-
ical factors, not on unrelated demographic variables and in-
dividual surgeon preference.

Elective Versus Risk-Reducing BSO and Ovarian Cancer

When entering into a discussion regarding ovarian con-
servation versus removal at the time of routine hysterectomy,
it is imperative to correctly identify those women who have
increased genetic susceptibility for ovarian cancer, in which
performing BSO would be considered risk-reducing, not
elective. Ovarian cancer, with a prevalence of 1 in 70, causes
more deaths than any other cancer in gynecology with the
only effective prevention strategy being surgical removal of
the ovaries.8 The majority of cases are sporadic, not heredi-
tary. Approximately 1,000 new cases could be prevented an-
nually if each woman undergoing hysterectomy had an
elective BSO.

Women with a hereditary ovarian cancer syndrome, who
have a documented breast cancer (BRCA1 or BRCA2) germline
mutation, the two genes that account for 95% of hereditary cases,
have a 15%–60% lifetime risk of developing the disease and
therefore should be counseled about risk-reducing BSO as soon
as childbearing is complete.9–12 Women with two first-degree
relatives with either breast or ovarian cancer should be consid-
ered as potentially having this autosomal dominant germline
mutation even in the absence of genetic testing.13

It was in this population of high-risk women undergoing
risk-reducing BSO that a precursor lesion to some serous
ovarian cancers, the most common histologic type of ovarian
cancer, was identified. Contrary to the hypothesis that serous
cancers arise from the surface of the ovary, there is increasing
evidence that tubal carcinoma in situ arises in the distal fal-
lopian tubes and subsequently spreads to the ovaries.14–18

Evidence from molecular and genetic studies supports this
etiology.19,20 This has important implications for pelvic sur-
geons. The tubes and ovaries have commonly been viewed as
a single ‘‘adnexal’’ structure and discussion has focused on
ovarian removal with little consideration given to isolated
salpingectomy. While salpingectomy could reduce collateral
ovarian blood supply, this intervention has the potential for
positively impacting ovarian cancer rates without the detri-
mental effects of hormone deprivation seen with BSO and
should be considered in all women undergoing hysterectomy.

Coronary Heart Disease

Coronary heart disease (CHD) remains the greatest killer in
women, and small increases in relative risk can translate into
significant disease burden. At present, there are no published
randomized trials of ovarian conservation versus removal
although one study is under consideration (clinicaltrials.gov,
NCT 01007305). The existing evidence is inconclusive to de-
termine the overall effect of BSO on risk of CHD.21–25 In cohort
studies, the challenge of who to use as the appropriate com-
parator control group exists. The proposed mechanism
whereby BSO increases CHD risk is inducing premature
menopause, a condition associated with a higher risk of death
from cardiovascular disease.26–28 Endogenous estrogen has a
detrimental effect on the development of atherosclerosis and
increasing age at natural menopause has been associated with
a decrease in total cardiovascular mortality.29 Despite this
plausible biologic explanation, the epidemiologic evidence for
the association between BSO and CHD is conflicting.

One of the largest cohort studies to investigate the associ-
ation between ovarian conservation and long-term health
outcomes is the Nurses’ Health Study, a longitudinal cohort of
over 120,000 nurses, 29,380 of whom underwent hysterec-
tomy for benign disease. Of these, 55% had a concomitant
BSO. In the first analysis published in 2009, the study authors
concluded that BSO was associated with a significantly in-
creased risk of fatal and nonfatal heart disease.30 When the
risk of incident events is evaluated by age, however, one
discovers that the significant association between CHD and
BSO was derived solely from the cohort of women younger
than 45 years who had BSO. Their multivariate hazard ratio
was 1.34 (95% CI 1.13–1.60). In contrast, women aged 45–54
[hazard ratio (HR) 1.08 (0.86–1.35)] and 55 and older [HR 0.99
(0.64–1.54)] had no significant association observed. When the
cohort was evaluated collectively, a small increased risk,
driven by the findings in the young cohort, was observed [1.17
(1.02–1.35)].

In 2013, a further analysis of updated data from the same
cohort was published.31 Overall, 16.8% of women with hys-
terectomy and BSO died from all causes compared with 13.3%
who had ovarian conservation. Elective BSO in women aged
younger than 50 who never used estrogen therapy was again
associated with increased cardiovascular mortality [HR 1.29
(1.01–1.64)]. In those aged 50–59 years, however, no signifi-
cant association was observed [HR 0.78 (0.42–1.46)]. The
consistent conclusion drawn from these two analyses is that
when BSO is performed in younger, premenopausal women
who do not take estrogen supplementation, CHD risk is in-
creased. In women over 50, however, no detrimental effect
was observed.

Similar results were noted in the Women’s Health Initiative
Observational Study of 25,448 postmenopausal women aged
50 to 79 years who had a history of hysterectomy and BSO
(n = 14,254) or hysterectomy with ovarian conservation
(n = 11,194).25 In multivariable analyses, BSO was not associ-
ated with an increased risk of fatal and nonfatal CHD. No-
table in this cohort was the high rate of current or past
estrogen use (78.6%) regardless of ovarian conservation sta-
tus. This variable was, however, accounted for in the multi-
variable analysis.

The importance of understanding this variable but pro-
found effect of BSO on CHD risk at different ages is best

756 MATTHEWS



illustrated by the results of a Markov decision analysis, a
mathematical model designed to resolve the optimal age for
BSO.30 In this model, a hypothetical cohort of patients is fol-
lowed over time and disease incidence is calculated based on
their probability as estimated from the medical literature. The
authors acknowledged that their estimates of survival were
very sensitive to changes in the relative risk of CHD. In the
base case, they assigned a CHD relative risk of 2.2 (95% CI 1.2–
4.2) for women after BSO up to age 55 years when estrogen
was not used, a value obtained from an earlier analysis of
participants in the Nurses’ Health Study.21 Based on this rel-
ative risk, the model calculated that ovarian conservation
without estrogen therapy reduces the proportion of women
dying from CHD in the base case from 15.95% to 7.57%. These
reductions are in vast excess of women who die from ovarian
cancer and therefore ovarian conservation was endorsed. Just
like the longer-term follow up studies of the Nurses’ Health
Study published in 200930 and 2013, however, the association
between CHD and BSO was singularly derived from women
under 50, the group that skewed the results of the population
when analyzed as a group. Furthermore, after adjustment for
commonly identifiable CHD risk factors, the overall relative
risk of CHD in the original paper was actually reduced from
2.2 to 1.7 (95% CI 0.9–8.6), a more accurate estimate of risk
attributable to BSO in the overall cohort. Finally, among
women of all age groups who had ever used estrogen, there
was no increased risk of CHD. While the model assumed that
estrogen therapy reduced the risk of dying from CHD, this
result did not impact the high relative risk that was assigned
to the base group. Given all of these factors, a strong argument
is made that the model result is erroneous based on incorrect
CHD risk assumptions.

In a systematic review of the medical literature to explore
the association of BSO and incidence of CHD, Jacoby et al.
reviewed 1956 citations and identified seven observational
studies that evaluated fatal or nonfatal CHD in women un-
dergoing hysterectomy.32 Overall, four out of the seven ob-
servational studies suggested some increased risk of CHD
following BSO,21,22,33,34 but this risk was only statistically
significant in subgroups of women and some regression an-
alyses but not in the fully adjusted models. The remaining
three studies found no significant association.23–35 Jacoby
et al. note that a significant limitation of this body of literature
is that only four studies used rigorous multivariate models to
adjust for the most commonly identified risk factors for CHD,
namely age, smoking, and hypertension. None of the studies
included in this systematic review prove that postmenopausal
women derive CHD benefit from ovarian conservation.

Sexual and Cognitive Function

Premenopausal women who undergo BSO experience an
abrupt decline in circulating estrogen and testosterone levels,
which can result in vaginal dryness, dyspareunia, and loss of
libido. Leiblum et al. reported a higher frequency of hypoac-
tive sexual desire disorder in women younger than 50 with
BSO compared to those with ovarian conservation.36 Young
women who undergo risk-reducing BSO also commonly re-
port an adverse effect on sexual symptomatology.37,38 In
contrast, a secondary analysis of premenopausal women in
the medicine or surgery and the total or supracervical hys-
terectomy randomized trials, revealed no difference in sexual

function between those who elected ovarian conservation
(n = 112) versus removal (n = 49). This study, however, is
limited by small sample size and possible selection bias as
ovarian removal was performed at patient request or to treat
intraoperative ovarian pathology.39

In premenopausal women, some of the symptoms of sexual
dysfunction can be reversed with hormone replacement
therapy.40 However, while estrogen supplementation is easily
achieved with oral or transdermal formulations, testosterone
supplementation is more difficult due to poor oral bioavail-
ability.

Postmenopausal women who undergo BSO also experience
a dramatic decline in circulating testosterone concentrations
because the ovarian stroma continues to be biologically active
following menopause.41–43 Testosterone and androstenedione
are peripherally converted to estrogen and women maintain
serum testosterone levels several decades after cessation of
ovarian follicular function.44,45 Loss of the postmenopausal
ovary, therefore, could also result in sexual dysfunction due to
the potential effect of low testosterone concentrations on li-
bido, psychological state, and body composition. While
transdermal testosterone supplementation has been shown to
improve libido and sexual satisfaction in postmenopausal
women who present with sexual dysfunction,46 a direct
comparison of the effect of elective BSO versus ovarian con-
servation on sexual function in postmenopausal women was
only recently performed.

From a cross-sectional analysis of 1,352 community-
dwelling women aged 57 to 85 years enrolled in the National
Social Life, Health, and Aging Project designed to investigate
sexuality in older adults, women with previous BSO (n = 356)
were compared to women with retained ovaries (n = 996).47

Only women without cancer, a known detriment to sexual
function in general, were included. Sexual function in older
women can be difficult to measure because of the myriad of
cofounding variables other than hormonal status including
availability of a sexual partner and other limiting health con-
ditions. The authors chose sexual ideation as the proxy measure
for sexual function as having thoughts about sexual experiences
should not be affected by these issues. Despite a decline in
sexual activity, frequency, and attitude amongst the cohort with
age, no significant difference in the report of sexual ideation was
found in multivariate analysis in women with BSO (54.5%)
versus ovarian conservation (49.9%). Furthermore, reports of
sexual problems such as lack of interest, vaginal lubrication,
anorgasmia, pain, and lack of pleasure were not different be-
tween the two groups. Similar to the data regarding BSO and
CHD, the significant association between BSO and sexual
dysfunction may be limited to premenopausal women.

The differential effect of BSO on cognitive function is also
difficult to investigate and quantify. In a single retrospective
study of 813 women with unilateral oophorectomy, 676 wo-
men with BSO, and 1472 referent women in Olmsted Country,
Minnesota, Rocca et al. reported a small increased risk of
cognitive function or dementia (HR 1.46, 95% CI 1.13–1.9) in
both the oophorectomy groups.48 The risk increased with
younger age at oophorectomy. In contrast, a cross-sectional
study of 885 postmenopausal women in California revealed
no significant differences in cognitive function between wo-
men with and without oophorectomy.49 This is a potential
area for future research using the Nurses’ Health Study
cohort.
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Osteoporotic Hip Fractures

Estrogen deprivation states are well known to cause osteo-
porotic hip fractures. The data regarding the effect of BSO on hip
fracture risk, however, is conflicting. In two separate analyses of
women enrolled in the Mayo Clinic’s cohort study on the effects
of oophorectomy on ageing, BSO was associated with a higher
than normal expected rate in the overall population.50,51 A
significant limitation of this study was the absence of a control
group: the referent risk was merely calculated from general
population statistics. In the prospective observational study of
almost 30,000 women in the Nurses’ Health Study, no difference
in hip fractures existed in either pre- or postmenopausal women
who had BSO.30 While not statistically significant, women with
BSO actually had a lower overall risk than ovarian conservation
(HR 0.89, 95% CI 0.71–1.12). Similarly, in a study of 6295 women
participating in the Study of Osteoporotic Fractures, postmen-
opausal BSO was not associated with an increased risk of either
hip or vertebral fractures despite a lower serum testosterone
concentration in the BSO group.52 The Women’s Health In-
itiative Observational Study also showed no increased risk of
fracture in women with BSO (HR 0.83, 95% CI 0.63–1.10).25

Conclusion

The principal factors that should be considered when
counseling women about elective BSO at the time of hyster-
ectomy for benign disease are genetic risk of breast and
ovarian cancer and age greater than 50 years. Any women
with a suspected germline mutation for breast and ovarian
cancer should be considered for risk-reducing, not elective
BSO. In all other women undergoing hysterectomy for benign
disease, the majority of evidence supports the hypothesis that
elective BSO before the age of 45 is associated with an in-
creased risk of coronary heart disease and sexual dysfunction
and therefore should be discouraged. For women between 45
and 50, an argument for ovarian conservation could be made
on the basis of some small benefit in terms of cardiovascular
disease, particularly if she is unwilling to take hormone re-
placement therapy. In women who are older than 50; how-
ever, a careful scrutiny of the literature reveals that BSO is not
associated with an increased risk of coronary disease, hip
fractures, sexual dysfunction, or significant cognitive dys-
function. In these women, the beneficial effects on ovarian
cancer may not be outweighed by the negative effect of hor-
mone withdrawal. Maintaining a clear understanding of the
devastating and lethal effects of ovarian cancer in postmen-
opausal women is important when counseling women re-
garding elective ovarian conservation. We should use this
real-life published data to inform our patients of these results
and counsel them appropriately. For all women who elect to
keep their ovaries, a very strong argument should at least be
made for bilateral salpingectomy as this may reduce the
chance of subsequent serous ovarian cancer development.
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