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ABSTRACT

OBJECTIVES

To determine if bilateral salpingo-oophorectomy,
compared with ovarian conservation, is associated
with all cause or cause specific death in women
undergoing hysterectomy for non-malignant disease,
and to determine how this association varies with age
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Ontario, Canada from 1 January 1996 to 31 December
2015, and follow-up to 31 December 2017.

PARTICIPANTS

200549 women (aged 30-70 years) undergoing
non-malignant hysterectomy, stratified into
premenopausal (<45 years), menopausal transition
(45-49 years), early menopausal (50-54 years),
and late menopausal (255 years) groups according
to age at surgery; median follow-up was 12 years
(interquartile range 7-17).

EXPOSURES
Bilateral salpingo-oophorectomy versus ovarian
conservation.

MAIN OUTCOMES MEASURES

The primary outcome was all cause death. Secondary
outcomes were non-cancer and cancer death. Within
each age group, overlap propensity score weighted
survival models were used to examine the association
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between bilateral salpingo-oophorectomy and

WHAT IS ALREADY KNOWN ON THIS TOPIC

Data on the potential long term health effects of bilateral salpingo-oophorectomy
are inconsistent, particularly in postmenopausal women; therefore, practice
guidelines on the use of bilateral salpingo-oophorectomy at the time of
hysterectomy for non-malignant disease are limited

Observational studies that enrol a large representative sample of women
undergoing non-malignant hysterectomy, use validated data sources, and have
adequate power in older age groups are required to reliably quantify the risks of
bilateral salpingo-oophorectomy

WHAT THIS STUDY ADDS

Advanced modelling was used to better understand how the association between
bilateral salpingo-oophorectomy and mortality might change with advancing age
at surgery

Estimates indicate when the risk-to-benefit ratio might potentially change from
supporting ovarian conservation to removal of all ovarian tissue

In contrast to emerging hypotheses, and although unmeasured confounding
remains possible, bilateral salpingo-oophorectomy might not be detrimental to
survival when performed at the time of non-malignant hysterectomy in women of
postmenopausal age
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mortality outcomes, while adjusting for demographic
characteristics, gynaecological conditions, and
comorbidities. To account for comparisons in four

age groups, P<0.0125 was considered statistically
significant.

RESULTS

Bilateral salpingo-oophorectomy was performed in
19%, 41%, 69%, and 81% of women aged <45, 45-49,
50-54, and 255 years, respectively. The procedure
was associated with increased rates of all cause death
in women aged <45 years (hazard ratio 1.31, 95%
confidence interval 1.18 to 1.45, P<0.001; number
needed to harm 71 at 20 years) and 45-49 years
(1.16, 1.04 to 1.30, P=0.007; 152 at 20 years), but
not in women aged 50-54 years (0.83, 0.72 to 0.97,
P=0.018) or 255 years (0.92, 0.82 to 1.03, P=0.16).
Findings in women aged <50 years were driven largely
by increased non-cancer death. In secondary analyses
identifying a possible change in the association
between bilateral salpingo-oophorectomy and all
cause death with advancing age at surgery, the hazard
ratio gradually decreased during the menopausal
transition and remained around 1 at all ages
thereafter.

CONCLUSION

In this observational study, bilateral salpingo-
oophorectomy at non-malignant hysterectomy
appeared to be associated with increased all cause
mortality in women aged <50 years, but not in
those aged =50 years. While caution is warranted
when considering bilateral salpingo-oophorectomy
in premenopausal women without indication,

this strategy for ovarian cancer risk reduction

does not appear to be detrimental to survival in
postmenopausal women.

Introduction
Bilateral salpingo-oophorectomy (the surgical removal
of both ovaries and fallopian tubes) has traditionally
been offered at the time of hysterectomy for non-
malignant disease to prevent ovarian cancer later
in life. However, this procedure is now being
increasingly avoided due to recognition of potential
harm from the loss of ovarian hormone production.’
Several observational studies have shown that
bilateral salpingo-oophorectomy before age 45 or 50
years is associated with increased all cause mortality
despite reduced rates of ovarian cancer.>” Therefore,
current guidelines advise against bilateral salpingo-
oophorectomy in premenopausal women.®*?

The risk-to-benefit ratio of bilateral salpingo-
oophorectomy as women age remains unclear.?
While the ovaries produce oestrogen and androgens
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before menopause, they produce only androgens
after menopause, and the clinical significance of this
production is debated.'®'* Existing literature on the
association between bilateral salpingo-oophorectomy
and all cause mortality after the median age of natural
menopause is also controversial: the Nurses’ Health
Study®® * and a decision analysis'” have suggested that
bilateral salpingo-oophorectomy might be harmful
even after age 50 years, but this finding has not been
supported by other observational studies.> *7 '® In
contrast to the direction provided in premenopausal
women, current guidelines offer no recommendations
on whether bilateral salpingo-oophorectomy should be
performed or withheld in postmenopausal women.®*?

Rates of bilateral salpingo-oophorectomy vary
markedly among surgeons, indicating ongoing
uncertainty in the application of existing evidence.'® 2°
No study has identified an age threshold at which the
risk-to-benefit ratio of bilateral salpingo-oophorectomy
might change from supportive of ovarian conservation
to removal of all ovarian tissue. Many studies
enrolled selected cohorts,” ¢ 2> 161 relied on patient
recall to establish bilateral salpingo-oophorectomy
status,” ® 1° 1618 initjated observation years to decades
after the time of exposure to bilateral salpingo-
oophorectomy,*®1* 1618 opted for referent women who
did not undergo gynaecological surgery,>*®” or had few
or no patients in older age groups.® ®** 1° Hysterectomy
is performed for over 400000 women in the United
States and 41000 women in the United Kingdom
annually, and additional data on the role of bilateral
salpingo-oophorectomy are needed.?! 2 Therefore, we
examined the association between bilateral salpingo-
oophorectomy and all cause and cause specific death in
a population based cohort undergoing non-malignant
hysterectomy, and evaluated how this association
varied based on age at surgery.

Methods
Study design and population
We performed a population based cohort study using
deidentified linked health administrative databases
held at ICES (formerly known as the Institute for
Clinical Evaluative Sciences), a non-profit research
institute authorised to collect data on all residents
of Ontario, Canada for the purpose of health system
evaluation. Because Ontarians have universal access
to hospital care and physician services, these data
are comprehensive. The Research Ethics Board at the
University of Toronto provided approval (No 38212).
We included adult women (30-70 years) in
Ontario, Canada who were undergoing abdominal
hysterectomy (open, laparoscopic, robotic assisted)
for a non-malignant indication from 1 January 1996
to 31 December 2015. We used validated procedure
codes to identify women who had hysterectomy from
the Discharge Abstract Database, Same Day Surgery
database, and Ontario Health Insurance Plan database,
which hold records of inpatient surgery, outpatient
surgery, and surgeon billing claims, respectively
(appendix 1).2°%
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We excluded non-Ontario residents ineligible
for universal health coverage; patients undergoing
emergency hysterectomy because of potential
differences in surgical decision making in this
setting; patients undergoing hysterectomy for
malignant disease; patients with previous breast
cancer or gynaecological cancer, or those who had
undergone surgery for genetic predisposition to
malignancy, because of possible confounding by
indication in this population; and patients who had
previously undergone bilateral salpingo-oophorectomy
(appendix 2-3).

Exposure assessment

The primary exposure was bilateral salpingo-
oophorectomy, defined as removal of all ovarian
tissue and corresponding fallopian tubes on the date
of hysterectomy (index date). This included bilateral
salpingo-oophorectomy in women with both ovaries,
and unilateral salpingo-oophorectomy in women
with one remaining ovary because of a previous
surgical procedure. We used procedure codes from the
Discharge Abstract Database and Same Day Surgery
databases to identify salpingo-oophorectomy with a
sensitivity of 99%, positive predictive value of 98%,
and k of 99% (appendix 1).2 We compared patients
undergoing bilateral salpingo-oophorectomy with
patients undergoing conservation of one or both
ovaries to reflect loss or retention of ovarian endocrine
function, respectively.’

Outcome assessment

The primary outcome was all cause death. Secondary
outcomes were non-cancer and cancer death, selected
to understand the pathogenesis of any potential
association of bilateral salpingo-oophorectomy with
all cause death. Date of death was obtained from the
Registered Persons Database. Causes of death were
available to 31 December 2017 from the Ontario
Cancer Registry and Ontario Registrar General-Death
database. Therefore, patients were followed from the
date of hysterectomy (index date) to 31 December
2017.

Covariates

Covariates were determined at the time of the index
hysterectomy. Demographic characteristics included
age at surgery, rural or urban residence, year of
surgery (1996-2000, 2001-2005, 2006-2010, 2011-
2015), residential income, ethnicity (Chinese, South
Asian, other), and immigration status (long term
resident, immigrant). Residential income group
is a socioeconomic index derived from Canadian
census data on median neighbourhood income and
was assigned to patients based on their postal code
of residence.?* Immigration status was assigned to
patients based on their landing date in Ontario®
(long term resident: landing date absent or <1985),
and was included as a covariate to account for the
improved health status of immigrants relative to
Canadian born residents.”® %’ Ethnicity was assigned
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using validated surname lists that identify people of
Chinese (99.7% specificity, 80.2% sensitivity, 91.9%
positive predictive value) and South Asian origin
(99.7% specificity, 50.4% sensitivity, 89.3% positive
predictive value), Canada’s two largest visible minority
groups; all other residents were classified as other.?® In
this setting, sensitivity was the proportion of patients
self-identified as Chinese or South Asian who were
detected as such by the surname lists; specificity was
the proportion of patients self-identified as not being
Chinese or South Asian who were detected as such by
the surname lists; and positive predictive value was the
proportion of patients detected by the surname list as
South Asian or Chinese who self-identified as such.

Clinical characteristics included hysterectomy type
(total, subtotal), gynaecological diagnoses at the time
of hysterectomy (abnormal uterine bleeding, fibroids,
endometriosis, ovarian cysts, premalignant conditions
such as endometrial hyperplasia and cervical
dysplasia, pelvic pain or inflammation, prolapse),
overall comorbidity score derived from Aggregated
Diagnosis Groups of the Johns Hopkins ACG System
version 10 (0-5, 6-9, 210),?° 3° specific comorbidities
(diabetes, hypertension, cardiovascular disease,
chronic obstructive pulmonary disease, previous
malignancy), previous abdominopelvic surgeries (0, 1,
2, »3), and previous ovarian surgery. Gynaecological
diagnoses and surgical history were obtained from the
Discharge Abstract Database and Same Day Surgery
databases (appendix 4),>!3* and specific comorbidities
were obtained from validated registries of affected
Ontarians (appendix 5).>°38

Statistical analyses

Primary analyses were stratified by age at surgery.
Because most women experience menopause between
the ages of 45 and 54 years® “° and the median age
of menopause is 51 years,*' we defined the following
stratums a priori: premenopause (<45 years),
menopausal transition (45-49 years), early menopause
(50-54 vyears), and late menopause (=55 years).
These stratums are also consistent with the stages
of reproductive aging, as proposed by the American
Society for Reproductive Medicine.*?

We used overlap weighting based on the propensity
score to adjust for differences in patients undergoing
bilateral  salpingo-oophorectomy and ovarian
conservation.®** This strategy emphasises the
comparison of patients at clinical equipoise who
would have been eligible to receive either procedure,
achieves exact balance on the mean of every covariate
included in the propensity score, and is not prone to
bias from extreme propensity scores (as often occurs
with inverse probability weighting).*® %> 4

We first generated propensity scores separately for
each age stratum using logistic regression, modelling
bilateral salpingo-oophorectomy as the outcome
and all demographic and clinical characteristics
described as covariates; exact age within each age
stratum was modelled as a continuous variable
using restricted cubic splines with three knots (10th,
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50th, 90th percentiles).”” We then derived overlap
weights for each patient, defined as the predicted
probability of receiving the opposite treatment
(bilateral  salpingo-oophorectomy:  1-propensity
score; ovarian conservation: propensity score).”> We
used standardised differences to compare baseline
covariates of exposed and unexposed patients before
and after applying overlap weights.*®

We used weighted Cox proportional hazards models
to compare the rate of all cause death by bilateral
salpingo-oophorectomy status, censoring at loss to
follow-up (loss of eligibility for provincial health
insurance) and end of follow-up (31 December 2017).
We used weighted Fine-Gray subdistribution hazard
models to compare the incidence of non-cancer and
cancer death by bilateral salpingo-oophorectomy
status,* treating death due to the opposite cause as
a competing event, and censoring at loss to follow-
up and end of follow-up. We used robust variance
estimators to account for weighting, and present
hazard ratios with 95% confidence intervals.>®

We also plotted weighted cumulative incidence
curves for all cause, non-cancer, and cancer death
across bilateral salpingo-oophorectomy status in
each age stratum. To test the equality of curves across
groups, we used P values from weighted log rank tests
for all cause death,”' and from weighted Fine-Gray
subdistribution hazard models for non-cancer and
cancer death.”’ >> We computed the risk difference in
weighted cumulative incidence functions between
groups at 20 years of follow-up. If the association in
survival models was statistically significant, we took
the inverse of the risk difference to compute the number
needed to treat or harm by that time point.’> We
generated 95% confidence intervals for risk difference
estimates using the 2.5th and 97.5th percentiles of
1000 bootstrapped estimates.

To assess for a change in the association between
bilateral salpingo-oophorectomy and mortality with
advancing age at surgery, we performed a secondary
analysis for all cause death in the total cohort (30-
70 years). We used a multivariable Cox proportional
hazards model with bilateral salpingo-oophorectomy
as the primary exposure; age as a restricted cubic spline
with three knots; an interaction term between bilateral
salpingo-oophorectomy and age; and all demographic
and clinical characteristics as covariates. We then
estimated the hazard ratio for bilateral salpingo-
oophorectomy at each year of age. We hypothesised
that a transition in the association could occur around
the population average age at menopause.

To ensure our findings in each stratum were
robust, we generated traditional multivariable Cox
proportional hazards models for all outcomes;
and reran these models with bilateral salpingo-
oophorectomy as a time varying exposure to account
for patients who underwent bilateral salpingo-
oophorectomy after hysterectomy; after the index
date, only patients who underwent bilateral salpingo-
oophorectomy for non-malignant indications (other
than an ovarian mass or cancer) were able to transition
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from unexposed to exposed. To explore the potential
impact of unmeasured confounding, we performed
overlap weighted survival analyses for death due to
cardiovascular disease, thought to exist on the causal
pathway; and death due to upper gastrointestinal tract
cancer, not thought to exist on the causal pathway but
strongly associated with smoking and alcohol use, as a
negative control (appendix 4).>*

Datasets were linked using unique encoded
identifiers and analysed at ICES. All statistical tests
were two sided. No significant departures from
proportionality were detected based on tests of
interaction between bilateral salpingo-oophorectomy
status and time, or analyses of Schoenfeld residuals.
Because models were run in four stratums, we applied
a Bonferroni correction such that P<0.0125 (0.05/4)
was considered statistically significant, and P values
from 0.0125 to 0.05 were considered marginally
significant. Standardised differences =0.1 were
considered meaningful. Complete case analyses were
performed because data were rarely missing (0.04%
for area of residence; 0.27% for area level income
group). Analyses were performed in SAS version 9.4
(SAS Institute, Cary, NC).

Patient and public involvement

This study was conceived through direct patient
interaction and the challenges faced in providing
data on the relative benefits and risks of bilateral
salpingo-oophorectomy in preoperative consent
discussions. Additional input was provided directly
by the Toronto Health Economics and Technology
Assessment Collaborative, a multidisciplinary research
collaboration that aims to ensure clinical evidence will
be relevant and useful to both policy makers and the
public; and indirectly by the ICES Public Advisory
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Council, composed of members of the public from
across Ontario, which regularly guides ICES on its
activities, including the specific types of studies and
research questions that will matter most to the public.

Results
Study population
A total of 200549 women (30-70 years) met
inclusion criteria (fig 1); 76383 (38%) underwent
concurrent bilateral salpingo-oophorectomy, and only
2611 of these (3.4%) involved a second unilateral
oophorectomy after previous surgery. Performance of
bilateral salpingo-oophorectomy also varied with age at
surgery: 18.5%, 40.5%, 68.9%, and 80.9% of women
<45, 45-49, 50-54, and =55 years underwent bilateral
salpingo-oophorectomy, respectively (fig 1, table 1).
Within each age stratum, patients undergoing
bilateral salpingo-oophorectomy were older, had more
comorbidities, and more often had a gynaecological
indication for bilateral salpingo-oophorectomy than
patients undergoing ovarian conservation; differences
were less pronounced in older age stratums (table 1).
After applying overlap weights, groups were balanced
on baseline characteristics, with all standardised
differences equal to zero (appendix 5). Median follow-
up was 12 years overall (interquartile range 7-17),
and there were 2268, 1516, 982, and 2267 deaths in
women <45, 45-49, 50-54, and =55 years, respectively
(appendix 6).

Primary analyses

In women aged <45 vyears, bilateral salpingo-
oophorectomy was associated with increased all cause
death compared with ovarian conservation (hazard
ratio 1.31, 95% confidence interval 1.18 to 1.45,
P<0.001); this was driven by a significant increase in

240 675

Adult women (aged 30-70 years) undergoing elective abdominal
hysterectomy from 1 January 1996 to 31 December 2015

765 Emergency hysterectomy

Excluded

566 Non-Ontario resident or loss of provincial health insurance before hysterectomy

32 185 Malignant indication for hysterectomy, or previous gynaecological cancer
6406 Prophylactic surgery for malignancy or previous breast cancer
204 Bilateral salpingo-oophorectomy before hysterectomy

£ 200 549

Women undergoing non-malignant abdominal hysterectomy

{ {

(§ 55 425)
<45 years 45-49 years
17 816 Bilateral 22 467 Bilateral
salpingo- salpingo-
oophorectomy oophorectomy
78 646 No bilateral 32958 No bilateral
salpingo- salpingo-
oophorectomy oophorectomy

Fig 1| Flowchart of patients included in study

! )}

(§ 21449
50-54 years 255 years
18 741 Bilateral 17 359 Bilateral
salpingo- salpingo-
oophorectomy oophorectomy
8472 No bilateral 4090 No bilateral
salpingo- salpingo-
oophorectomy oophorectomy
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non-cancer death (1.38, 1.21 to 1.58, P<0.001) and a
marginally significant increase in cancer death (1.18,
1.01 to 1.39, P=0.044; table 2, fig 2, and appendix
7-8). At 20 years, the weighted cumulative incidence
of all cause death was 6.1% (95% confidence interval
5.6% to 6.6%) for bilateral salpingo-oophorectomy and
4.7% (4.4% to 5.0%) for ovarian conservation (fig 2);
this corresponded to an absolute risk increase of 1.4%
(0.8% to 2.1%; number needed to harm 71) at 20 years.

In women aged 45-49 years, bilateral salpingo-
oophorectomy was associated with increased all
cause death (hazard ratio 1.16, 95% confidence
interval 1.04 to 1.30, P=0.007) and non-cancer death
(1.29, 1.10 to 1.52, P=0.002), but not cancer death
(1.04, 0.89 to 1.21, P=0.63) compared with ovarian
conservation (table 2, fig 2, and appendix 7-8). At 20
years, the weighted cumulative incidence of all cause
death was 6.5% (95% confidence interval 6.0% to
7.0%) for bilateral salpingo-oophorectomy and 5.8%
(5.3% to 6.4%) for ovarian conservation (fig 2); this
corresponded to an absolute risk increase of 0.7%
(-0.12% to 1.45%; number needed to harm 152) at 20
years.

In women aged 50-54 years, bilateral salpingo-
oophorectomy was not associated with increased
all cause death (hazard ratio 0.83, 95% confidence
interval 0.72 to 0.97, P=0.018), non-cancer death
(0.81, 0.64 to 1.02, P=0.071), or cancer death
(0.87, 0.71 to 1.06, P=0.15) compared with ovarian
conservation (table 2, fig 2, and appendix 7-8). At 20
years, the weighted cumulative incidence of all cause
death was 6.9% (6.3% to 7.6%) for bilateral salpingo-
oophorectomy and 8.8% (7.4% to 10.3%) for ovarian
conservation (fig 2); this corresponded to an absolute
risk decrease of 1.9% (-3.43% to —0.36%) at 20 years.

In women aged =55 years, bilateral salpingo-
oophorectomy was not associated with increased
all cause death (hazard ratio 0.92, 95% confidence
interval 0.82 to 1.03, P=0.16), non-cancer death
(1.00, 0.85 to 1.17, P=0.99), or cancer death (0.82,
0.69 to 0.97, P=0.023) compared with ovarian
conservation (table 2, fig 2, and appendix 7-8). At 20
years, the weighted cumulative incidence of all cause
death was 21.7% (95% confidence interval 20.4%

to 22.9%) for bilateral salpingo-oophorectomy and
25.3% (22.1% to 28.5%) for ovarian conservation (fig
2); this corresponded to an absolute risk decrease of
3.6% (-7.0% to —0.24%) at 20 years.

Additional analyses

In secondary analyses exploring a potential change
in the association between bilateral salpingo-
oophorectomy and all cause death with advancing
age at surgery, the hazard ratio was highest in the
premenopausal years, gradually declined in the years
representing the menopausal transition, and remained
around the null in the postmenopausal years (fig 3). As
age advanced, the confidence intervals for individual
point estimates crossed 1, suggesting no statistical
difference in the year-to-year hazard.

In sensitivity analyses, multivariable Cox
proportional hazards models treating bilateral
salpingo-oophorectomy as a static or time varying
exposure yielded similar results as our overlap
weighted models (table 2, appendix 9). Bilateral
salpingo-oophorectomy was associated with an
increase in death due to cardiovascular disease in
women aged <45 years (hazard ratio 1.47, 95%
confidence interval 1.07 to 2.03, P=0.019), and not
significantly associated with death due to upper
gastrointestinal tract cancer in any age stratums
(appendix 10).

Discussion

Principal findings

In this population based cohort study of over 200 000
women undergoing non-malignant hysterectomy, the
association of bilateral salpingo-oophorectomy with
mortality varied based on the age at which surgery
was performed. Compared with ovarian conservation,
bilateral salpingo-oophorectomy appeared to be
associated with significantly increased all cause
mortality in women aged <50 years but not in those
aged =50 years; in fact, marginally significant decreases
were found in all cause and cancer mortality in
women aged 50-54 and =55 years, respectively. These
findings are biologically plausible: bilateral salpingo-
oophorectomy before the onset of menopause will result

Table 2 | Association between bilateral salpingo-oophorectomy and all cause, non-cancer, and cancer death in women (aged 30-70 years) undergoing
non-malignant hysterectomy stratified by age group at surgery (<45, 45-49, 50-54, >55 years)

Outcome

45-49 years

50-54 years

255 years

Hazard ratio (95% CI) Pvalue

Hazard ratio (95% Cl) P value

Primary analysis: overlap propensity score weighted models

Hazard ratio (95% CI) P value

Hazard ratio (95% CI) P value

All cause death 1.31(1.18 t0 1.45) <0.001 1.16 (1.04 to 1.30) 0.007 0.83(0.721t00.97) 0.018 0.92(0.8210 1.03) 0.16
Non-cancer death 1.38 (1.21t0 1.58) <0.001 1.29 (1.10t0 1.52) 0.002 0.81 (0.64 10 1.02) 0.071 1.00 (0.85t0 1.17) 0.99
Cancer death 1.18 (1.01 to 1.39) 0.044 1.04(0.89t0 1.21) 0.63 0.87 (0.71t0 1.06) 0.15 0.82 (0.69100.97) 0.023

Sensitivity analysis: multivariable models*

All cause death 1.30 (1.18 to 1.45) <0.001 1.17 (1.05 to 1.30) 0.006 0.86 (0.74101.00)  0.044 0.97 (0.86 t0 1.09) 0.57
Non-cancer death 1.38 (1.21 to 1.58) <0.001 1.31 (1.11 to 1.54) 0.001 0.84 (0.68t01.05)  0.13 1.07 (0.91 to 1.25) 0.41
Cancer death 1.20 (1.02 to 1.41) 0.029 1.06 (0.91 to 1.24) 0.43 0.88 (0.72t01.07)  0.18 0.85 (0.72t0 1.01) 0.072

Ovarian conservation serves as reference category. Primary analyses used overlap propensity score weighting, and sensitivity analyses used traditional multivariable Cox proportional hazards
models; P<0.0125 (0.05/4) was considered statistically significant, and P values from 0.0125 to 0.05 were considered marginally significant.

*Covariates were identical to those included in propensity score development: age at surgery (years), rural or urban residence, year of surgery (1996-2000, 2001-2005, 2006-2010, 2011-
2015), residential income fifth, ethnicity (Chinese, South Asian, other), immigration status (long term resident, immigrant), hysterectomy type (total, subtotal), abnormal uterine bleeding (yes
or no), fibroids (yes or no), endometriosis (yes or no), ovarian cysts (yes or no), premalignant conditions (yes or no), pelvic pain or inflammation (yes or no), prolapse (yes or no), Johns Hopkins
Aggregated Diagnosis Groups (0-5, 6-9, 210), diabetes (yes or no), hypertension (yes or no), cardiovascular disease (yes or no), chronic obstructive pulmonary disease (yes or no), previous
malignancy (yes or no), previous abdominopelvic surgeries (0, 1, 2, 23), previous ovarian surgery (yes or no).
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Fig 2 | Weighted cumulative incidence of all cause death in women (aged 30-70 years) undergoing non-malignant hysterectomy with bilateral
salpingo-oophorectomy or ovarian conservation stratified by age group at surgery (<45, 45-49, 50-54, 255 years)

in premature deficiency of oestrogen, whereas bilateral
salpingo-oophorectomy after the onset of menopause
will not. Oestrogen signalling exerts genomic and
non-genomic physiological effects in multiple organ
systems, and so loss of oestrogen at certain critical times
might contribute to the development or progression of
disease.>>”’

Results and implications

Our study suggests that bilateral salpingo-
oophorectomy might be associated with increased
all cause death in women of premenopausal age.
Numerous retrospective analyses of prospectively
observed cohorts® * ¢ 1> ¢ and administrative
datasets® > 7 *® °° have reported similar findings
(table 3), albeit each with distinct limitations. Work

it

Hazard ratio for all cause death,
BSO vovarian conservation (95% CI)

0.5

by Mytton and colleagues is most comparable to ours
in its overall design, methodological approach, and
contemporary nature. This study included 113679
women aged 35-45 only who were undergoing non-
malignant hysterectomy in England from 2004 to
2014.° Over a median follow-up of six years, bilateral
salpingo-oophorectomy was associated with an
increase in all cause death (hazard ratio 1.56, 95%
confidence interval 1.37 to 1.81), cardiac death (2.00,
1.11 to 3.57), and cancer death (1.85, 1.54 to 2.22)
compared with ovarian conservation. We identified
similar increases in all cause and non-cancer death
after adjusting for many more potential confounders
and ensuring longer follow-up (median 12 years).
Considering the strong methodology used in this
work and by Mytton and colleagues, consistency of

| HIHnnHHHHHHHHIIIHHH

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70

Age at surgery (years)

Fig 3 | Hazard ratios for all cause death at each year of age in women (aged 30-70 years) undergoing non-malignant
hysterectomy. Bilateral salpingo-oophorectomy (BSO) is the exposure and ovarian conservation is the reference
group. Associated 95% confidence intervals are represented by whiskers. Shading shows gradual change in

association with advancing age
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Table 3 | Cohort studies examining association between bilateral salpingo-oophorectomy and all cause death

Study Cohort Follow-up Age group Sample size Deaths Hazard ratio (95% Cl)  Covariates

Rocca 2006° Mayo Clinic Cohort Study; ~ Median 25.0 45 1541 262 1.67 (1.16 to 2.40) Age
prophylactic BSO v no years —HT 1462 239 1.93 (1.25 t0 2.39)
ovarian surgery +HT 1496 252 1.27 (0.67 t0 2.39)

45-50 888 315 1.02 (0.78t0 1.32)
»50 491 235 0.90 (0.68 t0 1.19)

Parker 2009'®  Nurses’ Health Study; BSO  Maximum 24 Overall 29380 3197 1.12 (1.03t0 1.21) Age, parity, diabetes, hypertension,

v ovarian conservation years 45 NR 1627 1.06 (0.95 to 1.80) hypercholesterolemia, body mass index,

at non-malignant 45-54 NR 1300  1.15 (1.01to 1.32) smoking, alcohol intake, exercise, aspirin

hysterectomy 555 NR 270 114 (0.85 to 1.52) use, tubal ligation, oral contraceptive use,
HT use, family history of breast cancer,
family history of myocardial infarction <60
years

Parker 2013"®  Nurses’ Health Study; BSO  Maximum 28 Overall 30117 4599  1.13(1.06 to 1.21) Age, parity, body mass index, smoking,

v ovarian conservation years <50 21094 3433 1.13 (1.05t0 1.22) alcohol intake, exercise, aspirin use, tubal

at non-malignant _HT NR 292 1.41 (1.04 to 1.92) ligation, oral contraceptive use, HT use,

hysterectomy HT NR 1695 1.05 (0.94t0 1.17) family history of breast cancer, family
5059 6241 383 1.10 (0.93 to 1.31) history of myocardial infarction <60 years
>60 2782 283 1.31 (0.98t0 1.75)

Jacoby 2011 Women’s Health Initiative; Mean 7.6 (SD <40 7583 446 0.90 (0.72t0 1.13) Age, parity, ethnicity, education, insurance,
BSO v ovarian conservation 1.6) years 40-49 11397 661 1.00 (0.84 t0 1.19) health care provider, hypercholesterolemia,
at non-malignant >50 2934 417 1.07 (0.84 to 1.35) hypertension, diabetes, body mass
hysterectomy index, smoking, alcohol intake, exercise,

myocardial infarction, stroke, coronary
revascularisation, HT use, family history of
myocardial infarction or stroke

Gierach 2014*  Breast Cancer Detection Mean 22.1 <35 50742 13237 1.20(1.08to 1.34) Landmark analyses at differing ages:
Demonstration Project; years 45 44971 11894 1.10(1.03t0 1.17) adjusted for body mass index, alcohol
BSO v no gynaecological <55 42053 10862 1.01(0.96 to 1.06) intake, smoking, HT use, birth cohort
surgery

Mytton 2017°  English Hospital Episode ~ Mean 6.2 (SD  35-45 113679 832 1.56 (1.37 to 1.81)* Age, deprivation, surgery type, Charlson
Statistics; BSO v ovarian 2.8) years comorbidity score, number of admissions
conservation at non- before hysterectomy
malignant hysterectomy

Wilson 2019°  Australian Longitudinal Median 21.5 <50 11069 734 1.02 (0.78t0 1.34) Age, body mass index, smoking, alcohol
Study; hysterectomy with  years —HT 8354 518 1.81 (1.01 to 3.25) intake, exercise, education, difficulty
BSO v no gynaecological +HT 2708 216 0.91 (0.67 to 1.24) managing on income, remoteness
surgery category, number of children, diabetes,

hypertension, perception of general health

Tuesley 20207 Western Australia electoral Median 24.2 Overall 666588 33963 0.94 (0.88 to 1.00) Age at entry, area of residence, area
roll; hysterectomy with years 35 1013 59 1.44 (1.12 to 1.87) level socioeconomic status, parity (time
BSO v no gynaecological 35-44 4936 291 1.15 (1.02 to 1.29) varying), tubal ligation (time varying)
SRy 45-54 8599 414 0.82 (0.74 10 0.90)

55-64 2963 241 0.90 (0.79 t0 1.02)
=65 1046 96 0.90 (0.74 to 1.10)

Cusimano ICES Ontario Databases; Median 12.0 45 96 462 2268  1.31(1.18to0 1.45) Age, year of surgery, rural or urban

2021 BSO v ovarian years 45-49 55425 1516  1.16 (1.04 to 1.30) residence, area level income fifth,
conservation at non- ethnicity, immigration status,
malignant hysterectomy 00l 27 213 22 0.83 (0.72 10 0.97) hysterectomy type, abnormal

=55 21 449 2267 0.92 (0.82t0 1.03)

uterine bleeding, fibroids, ovarian
cysts, endometriosis, pelvic pain or
inflammation, premalignant disease,
prolapse, overall comorbidity score,
chronic obstructive pulmonary disease,
hypertension, diabetes, previous
malignancy, cardiovascular disease,
previous ovarian surgery, previous
abdominopelvic surgery

BSO=bilateral salpingo-oophorectomy; HT=hormone therapy; NR=not reported; SD=standard deviation.
*Mytton and colleagues reported BSO as the reference group (0.64, 95% confidence interval 0.55-0.7 3); to facilitate comparison, we present the reciprocal.

published literature on this association, and presence
of a plausible mechanism, caution might be warranted
when considering bilateral salpingo-oophorectomy
in young women, namely those without a clinical
indication for the procedure.

Our study also suggests that bilateral salpingo-
oophorectomy might not be associated with all
cause death in women of postmenopausal age.
Similar findings have been reported in the Mayo
Clinic Cohort Study,® *® ° Breast Cancer Detection

thelbmj | BMJ2021;375:e067528 | doi: 10.1136/bmj-2021-067528

Demonstration Project,“ and Western Australia Data
Linkage Study,” which compared women undergoing
hysterectomy with bilateral salpingo-oophorectomy
with non-surgical referent women; and in the
Women’s Health Initiative,'® which compared women
undergoing bilateral salpingo-oophorectomy and
ovarian conservation at the time of non-malignant
hysterectomy (table 3). The Nurses’ Health Study is
the only cohort study to suggest that the association
of bilateral salpingo-oophorectomy with all cause
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mortality might not vary with age: the overall hazard
ratio was 1.13 (95% confidence interval 1.06 to
1.21), and an interaction between bilateral salpingo-
oophorectomy status and age (<50, 50-59, =60 years)
was not significant (P=0.46).'¢ This study included a
cohort of largely white nurses, had few women aged
250 years (8969 with 1166 deaths), and did not control
for indications for bilateral salpingo-oophorectomy.
Our study was population based, included over 48 000
women aged =50 years (with 3249 deaths), and
controlled for gynaecological conditions that might act
as confounders in older age stratums. Our study and
the accumulated literature contrast with the Nurses’
Health Study, and suggest that bilateral salpingo-
oophorectomy might not be associated with all cause
mortality in older women.

Our study attempts to identify when the risk-to-
benefit ratio of bilateral salpingo-oophorectomy
might gradually shift from being supportive of
ovarian conservation to removal of all ovarian
tissue. Most studies have run age stratified analyses
without articulating a rationale for the categories
chosen, or arbitrarily changed categories in separate
publications on the same cohort.'® 1 We provide a
clear biological basis for our stratified analyses, but
also used restricted cubic splines to explicitly model
how the effect of bilateral salpingo-oophorectomy
changed with advancing age at surgery. These
analyses showed that the hazard associated with
bilateral  salpingo-oophorectomy appears to
gradually decrease during the 45-54 year age range
and remains around the null thereafter. Since age
serves as a population level surrogate for the onset
of menopause, these findings provide some support
to assertions that bilateral salpingo-oophorectomy
could potentially be harmful in premenopausal but
not postmenopausal women.*

Decisions on whether to ultimately perform
opportunistic bilateral salpingo-oophorectomy at
non-malignant hysterectomy must weigh the potential
benefits and harms of the procedure. Bilateral
salpingo-oophorectomy is known to reduce ovarian
cancer incidence and ovarian cancer mortality at
any age.®® If bilateral salpingo-oophorectomy is also
associated with increased all cause mortality, then this
alone might outweigh the benefit of ovarian cancer
risk reduction. If bilateral salpingo-oophorectomy
is not associated with all cause mortality, then the
procedure may be a reasonable and effective strategy
for ovarian cancer risk reduction. Factors such as
quality of life and sexual function merit consideration
as well; existing studies examining these outcomes in
the context of non-malignant hysterectomy are limited,
and further research is required.®*®> Opportunistic
bilateral salpingectomy (the surgical removal of both
fallopian tubes alone) is an attractive alternative to
bilateral salpingo-oophorectomy that does not impact
ovarian endocrine function and might still prevent high
grade serous cancers that arise in the fallopian tube®®;
however, additional studies are required to establish
the magnitude of ovarian cancer risk reduction offered

by bilateral salpingectomy compared with bilateral
salpingo-oophorectomy.*® ¢

Strengths and limitations

Our study addresses the main limitations of previous
work. We included a population based cohort of
all women undergoing non-malignant abdominal
hysterectomy in Ontario, whose outcomes should be
generalisable to patients with similar demographic
and socioeconomic characteristics managed in
other jurisdictions and settings. We used overlap
propensity score weighting, an analytic approach
that mimics pragmatic randomised trials by focusing
on patients with a realistic probability of receiving
either bilateral salpingo-oophorectomy or ovarian
conservation. Our study includes a large population
with prolonged follow-up, enabling age stratified
and cause specific analyses. In contrast to most
studies on this topic, which relied on longitudinal
self-reported survey data,” ¢ ** '° '® we observed all
patients from the exact date of exposure to bilateral
salpingo-oophorectomy and used validated codes to
identify bilateral salpingo-oophorectomy, thereby
preventing introduction of survival or misclassification
bias respectively. Our data sources are of high quality
and comprehensive, ensuring accurate and complete
outcome ascertainment.

Several limitations require consideration. Firstly, we
lacked data on preoperative menopausal status, which
could confound the association observed in women
aged 45-49 and 50-54 years. If women undergoing
bilateral salpingo-oophorectomy are more often
postmenopausal at the time of surgery, then our results
in these stratums might be conservative estimates of
the true effect of bilateral salpingo-oophorectomy.
Secondly, our health administrative data sources
lacked information on family history, intraoperative
findings, genetic predisposition to malignancy, and
metabolic factors such as body habitus, smoking,
alcohol use, and physical activity, which might
contribute to residual confounding in other age
stratums as well. The importance of these factors
might change as women age®®; thus it is difficult to
predict the direction or magnitude of possible bias
in each stratum. If young women selecting bilateral
salpingo-oophorectomy are also predisposed to
malignancy or more likely to have an adverse
metabolic profile, then the increased rate of all
cause mortality observed in this population could
potentially be explained by unmeasured confounding.
We aimed to limit confounding by restricting our
cohort on age and surgical approach to ensure all
patients had an opportunity for exposure to bilateral
salpingo-oophorectomy; excluding patients with
previous gynaecological or breast cancer or codes
indicating genetic susceptibility to malignancy;
and using overlap weighting to adjust for as many
relevant covariates as possible, including downstream
surrogates for unmeasured confounders whenever
feasible. We also performed sensitivity analyses
with a plausible negative control. We did not pursue
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instrumental variable analysis because this approach
is most suited to questions of health policy rather than
clinical effectiveness, and a valid instrument was not
readily apparent for the question of bilateral salpingo-
oophorectomy versus ovarian conservation at non-
malignant hysterectomy.”®”*

A third limitation is that, despite the high quality of
our databases, variables derived from administrative
data remain susceptible to misclassification; for
example, our covariate for ethnicity had limited
sensitivity and could thereby lead to residual
confounding. We aimed to limit misclassification
in other critical areas by using highly accurate
procedure codes to identify hysterectomy and bilateral
salpingo-oophorectomy, population based vital
statistics registries to determine our primary and
secondary outcomes, and sensitive and specific case
definition algorithms developed in Ontario for relevant
comorbidities. Finally, because of data limitations, we
could not explore the influence of the use of hormone
therapy on our findings. Existing studies report that
the association of bilateral salpingo-oophorectomy
with mortality might be pronounced in never users of
hormone therapy.’ ¢ * ® However, such analyses are
susceptible to confounding; never users might have
contraindications to hormone therapy that are related
to mortality’® or face sociodemographic barriers to
its use.”> Because prescription and maintenance of
hormone therapy will also vary among patients and
providers after bilateral salpingo-oophorectomy,”
our results reflect the real world population average
association of bilateral salpingo-oophorectomy with
mortality, which itself is meaningful.

Conclusion

Bilateral salpingo-oophorectomy might be associated
with increased all cause mortality in women of
premenopausal age. Despite theoretical concerns about
the loss of ongoing ovarian androgen production, we
found no significant association between bilateral
salpingo-oophorectomy and all cause mortality in
women of postmenopausal age. Our findings apply
specifically to women undergoing hysterectomy
for non-malignant indications, and unmeasured
confounding remains a limitation of this work and
existing studies.

Caution is warranted when considering bilateral
salpingo-oophorectomy in premenopausal women
without an indication for the procedure. Bilateral
salpingo-oophorectomy does not appear to be
detrimental to survival and provides significant
ovarian cancer risk reduction in postmenopausal
women; additional research on other potential trade-
offs in this population is required.
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