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Abstract

Objective: We aimed to assess the relationship between
hysterectomy and/or bilateral oophorectomy and the risk of
stroke—a topic of ongoing debate in current research.

Methods: We utilized data from the National Health and Nu-
trition Examination Survey (NHANES) 1999-2018 to estimate
both crude and multivariable-adjusted hazard ratios (HRs) and
95% Cls, applying survey-weighted Cox proportional hazards
regression model. The modeling incorporated sampling weights
and design variables to address NHANES’s multistage proba-
bility sampling framework. In addition, a meta-analysis was
conducted, incorporating findings from NHANES with those
from other cohort studies identified through database search.

Results: This unweighted NHANES cohort included 21,240
women with 8.3 median follow-up years, documenting 193
stroke-related deaths. Compared with no hysterectomy,
hysterectomy was not significantly associated with stroke mor-
tality (HR: 1.28, 95% CI: 0.89-1.85). However, a meta-analysis
of 2,065,490 participants from NHANES and 15 other studies
demonstrated hysterectomy was linked to a 9% higher stroke risk
(HR: 1.09, 95% CI: 1.04-1.15) compared with no hysterectomy.
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Similar finding was identified for bilateral oophorectomy (HR:
1.13, 95% CI: 1.09-1.17) compared with no bilateral oopho-
rectomy. Subgroup analyses stratified by surgical indication,
ovarian conservation status, and reference population con-
sistently demonstrated elevated risks.

Conclusions: In summary, the data from NHANES and other
studies indicate women with hysterectomy and/or bilateral oopho-
rectomy may be associated with an increased stroke risk. Additional
prospective studies are needed to confirm the association between
hysterectomy and/or bilateral oophorectomy and stroke risk.

Key Words: Cohort, Epidemiology, Hysterectomy, Oopho-
rectomy, Stroke.
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troke is the third dominant cause of death and the

fourth dominant cause of disability around the world,
representing a significant public health challenge.! The
Global Burden of Disease Study 2021 reports ~11.9 mil-
lion new stroke cases, 93.8 million existing events, 160.5
million disability-adjusted life years lost, and 7.3 million
stroke-related deaths.! Therefore, ongoing prevention ef-
forts that address modifiable risk factors are essential to
reduce the burden of this disease.

Women of reproductive age exhibit lower stroke risk,
whereas postmenopausal women experience an approx-
imately 2-fold increase within a decade of menopause,23
likely mediated by abrupt estrogen decline. Estrogen confers
atheroprotection through vasodilation enhancement, fibrosis
reduction, and mitochondrial/antioxidant optimization.4-6
Hysterectomy and oophorectomy—common gynecologic
surgeries— significantly impact estrogen levels.” Hysterec-
tomy may accelerate ovarian failure through damage to the
ovarian tissue or its blood supply.!%-14 This may result in
lower ovarian sex steroid levels and precipitating earlier
menopause. An oophorectomy can reduce premenopausal
serum estradiol by up to 80% and androgen levels by about
50% in both premenopausal and postmenopausal women.89
Therefore, understanding the consequences of these proce-
dures is crucial, as they entail remarkable hormonal changes
that can influence stroke risk similarly to natural menopause.
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Despite pathophysiological plausibility, existing studies re-
port inconsistent stroke risk associations with these
procedures.!5-36 These inconsistent results may stem from
variations in study design and participant characteristics. For
instance, 2 cross-sectional studies analyzing the National
Health and Nutrition Examination Survey (NHANES) data
from 2007 to 201833 and 2005 to 201834 identified a positive
link between hysterectomy and stroke, yet the role of
oophorectomy remains undetermined. To provide additional
evidence for this relationship, this study incorporates
NHANES 1999-2018 data3740 with a cohort design and
other studies.

METHODS

Study design

The NHANES study prospectively collects data on
health, diet, and personal, social, and economic character-
istics, and is linked to the National Death Index, enabling
the assessment of the relationship between individual ex-
posures and public health. We assessed the relationship
between hysterectomy and/or bilateral oophorectomy and
stroke risk using a retrospective cohort design in NHANES
1999-2018 and adheres to the strengthening the reporting
of observational studies in epidemiology (STROBE)
statement.#! In addition, the meta-analysis was performed
following the Preferred Reporting Items for Systematic
reviews and Meta-Analyses.42

Data sources

The NHANES, conducted by the Centers for Dis-
ease Control and Prevention, is a series of research ini-
tiatives designed to assess the health and nutritional status
of both adults and children across the United States. Data
from this cross-sectional survey have been made available
biennially since 1999. All participants furnished written
informed consent, and ethical approval was obtained from
the National Center for Health Statistics (NCHS) Ethics
Review Board (Protocol #98-12, Protocol #2005-06,
Protocol #2011-17, and Protocol #2018-01).

Study population

Supplemental Figure 1 (Supplemental Digital Con-
tent 1, http://links.lww.com/MENO/B397) illustrates the
participant selection process from 10 survey cycles (1999-
2018). Among 101,316 initial participants, we sequentially
excluded: 49,893 males; 20,768 aged younger than
18 years; 1,551 with incomplete mortality/follow-up data;
and 7,864 lacking hysterectomy records. The final analytic
cohort included 21,240 women.

Exposure data

Hysterectomy and bilateral oophorectomy data were
collected from reproductive health questions: “rhd280:
Had a hysterectomy?” “rhq290 and rhq291: age when had
hysterectomy,” “rhq300: Had at least one ovary re-
moved?” “rhq310: Were both ovaries removed or only
one?” “rhq305: Had both ovaries removed?” Responses of
“Refused” or “Don’t know” to “rhd280: had a hysterec-
tomy?” were classified as “missing and excluded.”

2]

Follow-up and outcomes

NCHS has linked the National Death Index to ob-
tain death certificate records. Stroke was identified with
the 10th edition of the International Classification of
Diseases codes 160-169. The follow-up period began on the
date when the interview was completed and continued
until 31 December 2019, or until the participant’s death,
whichever occurred first.

Covariates

Based on previous investigations, 3 types of co-
variates, including the basic demographic characteristics,
traditional risk factors, and female-specific factors asso-
ciated with hormone exposure, were considered in the cur-
rent analysis. Participants were initially categorized into 5
racial/ethnic groups: non-Hispanic White (n = 9,457), non-
Hispanic Black (n = 4,372), Mexican American (n =
3,543), other Hispanic (n = 1,946), and other/multiracial
(n = 1,922). We combined the latter 2 groups as “others.”
The basic demographic characteristics included age (con-
tinuous), race [non-Hispanic White, non-Hispanic Black,
Mexican American, others (other accounts for other His-
panic and other/multiracial)], marital (married or living
with partner, never married, widowed/divorced/separated,
unknown), education (up to high school, some college,
college graduate or above, unknown), and family poverty
income ratio (PIR; <1.30, 1.31-3.5, >3.5, unknown).43
The traditional risk factors involved history of hypertension
(no, yes, unknown), high cholesterol (no, yes, unknown),
diabetes (no, yes, borderline, unknown), stroke (no, yes,
unknown), coronary heart disease (no, yes, unknown),
smoking (never, former, current, unknown), alcohol con-
sumption (never, former, current, unknown), and body
mass index (BMI, <25, 25-29.9, >30 kg/mz). The female-
specific factors associated with hormone exposure involved
oral contraception (OC) use (never, ever, unknown), hor-
mone therapy (HT) use (never, ever, unknown), age at
menarche (<11, 12-13, > 14, unknown), age at menopause
(<40, 40-44, 45-49, > 50, unknown), and number of live
births (0, 1, 2, 3, 4, >5, unknown).

Statistical analyses

Considering the NHANES survey employs a com-
plex, multistage probability sampling method, we con-
ducted all statistical analyses accounting for sample weights
using R software (version 3.4.3; https://www.r-project.org/).
In this study, we analyzed data from 10 cycles spanning
1999-2018. According to the guidelines, we applied the
mobile examination center (MEC) weights during the
analysis. The weighting formula for 1999-2000 and
2001-2002 was 2/10 multiplied by “wtmecdyr,” and for
2003-2018, it was adjusted to 1/10 times “wtmec2yr.”

Categorical variables were shown as frequency
numbers (percentages). The continuous variables were
described as the mean £ SD. Weighted Cox proportional
hazards regression analyses were conducted. Hazard ratios
(HRs) and 95% CIs for 3 models were estimated. Model 1
was not adjusted for any covariates. Model II was ad-
justed for demographic characteristics and traditional risk
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factors for stroke, as detailed listed in the “covariate sec-
tion.” Model III was adjusted for model II plus female-
specific factors associated with hormone exposure.
To utilize all available data, missing values for classified
covariates were reported as missing category in all
analyses.#* We also performed a sensitivity analysis
restricted to individuals without a history of stroke.

In this study, we first analyzed hysterectomy status
and age at surgery (<44, 45-49, >50 y) versus non-
hysterectomy controls, regardless of ovarian status. Given
frequent oophorectomy cooccurrence, sensitivity analyses
compared 4 groups: (1) nonsurgical, (2) hysterectomy-
only, (3) hysterectomy with unilateral oophorectomy, and
(4) hysterectomy with bilateral oophorectomy.

Meta-analysis

We conducted a comprehensive literature search on
PubMed and Embase databases (from their inception to
April 4, 2024) to identify all original articles. The detailed
search strategy is outlined in Supplemental Table 1
(Supplemental Digital Content 1, http://links.lww.com/
MENO/B397). In addition, we reviewed the reference lists
of the included articles, reviews, and meta-analyses/sys-
tematic reviews to supplement our initial search strategy.
We restricted our search to human studies without speci-
fying any further limits. Detailed methods regarding in-
clusion/exclusion criteria, data extraction, literature bias
assessment, and GRADE evidence quality evaluation are
presented in the Supplemental Text (Supplemental Digital
Content 1, http://links.lww.com/MENO/B397).

Prior research focused on hysterectomy status (yes/
no) and bilateral oophorectomy presence (yes/no); thus,
we selected this as the main focus of our analysis. Two
main categories were identified for bilateral oopho-
rectomy: “bilateral oophorectomy with hysterectomy
versus hysterectomy alone” and “bilateral oophorectomy
versus no surgery (no hysterectomy or bilateral ovar-
iectomy).” Initial pooled analysis compared bilateral
oophorectomy versus nonexposed cohorts, followed by
subgroup stratification based on reference groups. In
women undergoing hysterectomy, we examined the stroke
risk association with ovarian conservation (ovarian-con-
serving hysterectomy vs hysterectomy with bilateral
oophorectomy). Subgroup analyses were also performed
based on surgical indications (benign vs benign/malig-
nant). In the current study, we did not assess the impact of
age at surgery on stroke risk, as few studies have reported
on this variable, and the cutoff values for age vary greatly.

We applied a random-effect model by DerSimonian
and Laird et al#> to combine the risk estimates with their
corresponding 95% CIs when the I” statistic exceeded 50%
or P <0.146; otherwise, we used a fixed-effect model.
When studies separately reported risk estimates by age at
surgery or stroke type, we initially pooled these estimates
using a fixed-effect model before integrating them with
other studies. Potential publication bias was evaluated by
funnel plots and Egger test.#748 To evaluate the impact of
each study on the overall findings, a sensitivity analysis
was conducted by systematically excluding one study at a
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time. All meta-analyses were performed using STATA
software (version 15.0, StataCorp LLC).

To tackle the issue of unmeasured confounding, we
carried out an additional sensitivity analysis, using a newly
accepted method proposed by VanderWeele et al.49,50
E-values (https://www.evalue-calculator.com/) assist in
gauging the stability of the overall findings by determining
whether the residual confounding on a specific scale is
reasonable.

Al statement

Al tools were employed in this study to optimize
textual clarity, conciseness, and linguistic accuracy while
mitigating redundancy.

RESULTS

National Health and Nutrition Examination
Survey

The final unweighted cohort (n = 21,240, ages:
20-85 y) represented ~85.9 million US women. Over 8.3
median follow-up years, we documented 193 stroke-
related deaths (population-weighted estimate: 554,167). As
detailed in Supplemental Table 2 (Supplemental Digital
Content 1, http:/links.lww.com/MENQO/B397), hyste-
rectomy recipients were typically older and had higher rates
of bilateral oophorectomy (52.02%), obesity, comorbidities,
and parity (> 3 live births).

Unadjusted analyses demonstrated a significant as-
sociation between hysterectomy and stroke (HR: 2.34, 95%
CI: 1.66-3.30; Table 1 and Supplemental Table 3, Supple-
mental Digital Content 1, http://links.lww.com/MENO/
B397). However, this association was not significant after
sequential adjustments for basic demographic character-
istics and traditional risk factors (HR: 1.16, 95% CI:
0.82-1.66), and further adjustment for female-specific
factors (HR: 1.28, 95% CI: 0.89-1.85). Age-stratified anal-
yses showed no significant association across subgroups:
younger than 45 years (HR: 1.56, 95% CI. 0.92-2.65),
45-49 years (HR: 0.84, 95% CI: 0.30-2.32), and 50 years or
older (HR: 1.18, 95% CI: 0.69-2.02).

To address ovarian hormone confounding, we
stratified analyses by oophorectomy status. Compared with
no surgery, hysterectomy alone (HR: 0.92, 95% CI:
0.52-1.64) and hysterectomy with unilateral ovariectomy
(HR: 1.32, 95% CI: 0.45-3.90) were not significantly asso-
ciated with stroke risk; however, hysterectomy combined
with bilateral oophorectomy was associated with a 51%
increased risk (HR: 1.55, 95% CI: 1.04-2.31). Moreover, a
borderline association was identified for hysterectomy with
bilateral ovariectomy compared with hysterectomy alone
(HR: 1.62, 95% CI: 0.92-2.89).

We also performed a sensitivity analysis restricted to
individuals without a history of stroke. Similarly, no
significant association between hysterectomy and stroke
risk was identified (Supplemental Table 4, Supplemental
Digital Content 1, http://links.lww.com/MENO/B397).
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TABLE 1. Hysterectomy and stroke risk in the NHANES data

Model 1

Model II Model III

Character HR and 95% CI HR and 95% CI P HR and 95% CI P
Hysterectomy
No 1.0 (Ref.) — 1.0 (Ref.) — 1.0 (Ref.) —
Yes 2.34 (1.66-3.30) <0.001 1.16 (0.82-1.66) 0.404 1.28 (0.89-1.85) 0.182
Age at hysterectomy
No 1.0 (Ref.) — 1.0 (Ref.) — 1.0 (Ref.) —
<45 1.73 (1.16-2.57) 0.007 1.21 (0.78-1.86) 0.395 1.56(0.92-2.65) 0.099
45-49 1.84 (0.72-4.69) 0.199 0.79 (0.33-2.08) 0.693 0.84 (0.30-2.32) 0.730
>50 4.50 (2.72-7.44) <0.001 1.12 (0.68-1.85) 0.659 1.18 (0.69-2.02) 0.553
Status of ovarian conservation
No any surgery 1.0 (Ref.) — 1.0 (Ref.) — 1.0 (Ref.) —
Hysterectomy alone 1.62 (0.93-2.82) 0.086 0.88 (0.51-1.49) 0.626 0.92 (0.52-1.64) 0.784
Hysterectomy with unilateral ovariectomy 2.41 (0.90-6.46) 0.08 1.18 (0.45-3.09) 0.733 1.32 (0.45-3.90) 0.616
Hysterectomy with bilateral ovariectomy 2.77 (1.90-4.05) <0.001 1.36 (0.90-2.05) 0.148 1.55 (1.04-2.31) 0.032
Hysterectomy and bilateral ovariectomy
Hysterectomy alone 1.0 (Ref.) — 1.0 (Ref.) — 1.0 (Ref.) —
Hysterectomy with bilateral ovariectomy 1.74 (1.00-3.03) 0.051 1.41 (0.84-2.39) 0.197 1.62 (0.92-2.89) 0.095

Model I was not adjusted for any covariates.

Model II was adjusted for age (continuous), race [non-Hispanic White, non-Hispanic Black, Mexican American, others (other accounts for other Hispanic and other/
multiracial)], marital (married or living with partner, never married, widowed/divorced/separated, unknown), education (up to high school, some college, college graduate or
above, unknown), and poverty income ratio (<1.30, 1.31-3.5, > 3.5, unknown), history of hypertension (no, yes, unknown), high cholesterol (no, yes, unknown), diabetes
(no, yes, borderline, unknown), stroke (no, yes, unknown), coronary heart disease (no, yes, unknown), smoking (never, former, current, unknown), alcohol consumption
(never, former, current, unknown), and body mass index (<25, 25-29.9, > 30 kg/m? unknown).

Model IIT was adjusted for model II plus oral contraception use (never, ever, unknown), hormone therapy use (never, ever, unknown), age at menarche (<11, 12-13,
> 14, unknown), age at menopause ( <40, 40-44, 45-49, > 50, unknown), and number of live births (0, 1, 2, 3, 4, > 5, unknown).

HR, hazard ratio; NHANES, National Health and Nutrition Examination Survey; Ref., reference.

Meta-analysis

Our systematic search identified 5,713 articles initially,
with 124 proceeding to full-text review (Supplemental Fig. 2,
Supplemental Digital Content 1, http:/links.lww.com/MENO/
B397). After exclusions (n = 110; Supplemental Table 5,
Supplemental Digital Content 1, http:/links.lww.com/MENO/
B397) and adding one study from references,3¢ 15 articles
published between 2009 and 2023 were included.!5-2836 The
major characteristics of the included studies were listed in
Supplemental Table 6 and Supplemental Table 7 (Supple-
mental Digital Content 1, http:/links.lww.com/MENO/B397).
The study populations originated from the USA, the UK,
China, Sweden, Denmark, Australia, and Korea. Sample sizes
varied between 3,474 and 833,484. Stroke outcomes were as-
certained using various hospitalization records, death register,
or self-report without validation.2* The included studies ex-
hibited heterogeneity in stroke outcome, with our study and 3
others!>19.36 gpecifically examining fatal strokes, one study?*
reporting nonfatal strokes exclusively, while the remaining
studies!6-18.20-23.25-28 presented composite fatal and nonfatal
stroke cases. Hysterectomy and bilateral oophorectomy were
confirmed using medical records!316:18.20-22.2628 or gelf-reported
questionnaires.!7.1923-2527.36 Most studies! 5202225262836 re-
ported benign diseases as the indication for surgery, with some
exceptions?!1.232427 where the indication included benign/ma-
lignant conditions.

Our primary analysis assessed hysterectomy-asso-
ciated stroke risk using non-hysterectomy as reference level,
incorporating 9 studies including NHANES.!6.18.20,21.23,
252736 Pooled analysis demonstrated elevated stroke
risk with hysterectomy (HR: 1.09, 95% CI: 1.04-1.15,

4|

P = 0.001; I = 50.4%, P for heterogeneity = 0.034;
Table 2). In subtype analyses by surgical indication, the
significant association was only pronounced in benign in-
dications (HR: 1.10, 95% CI: 1.04-1.17, P = 0.001; I* =
56.5%, P for heterogeneity = 0.042), but not in benign/
malignant group (HR: 1.05, 95% CI: 0.92-1.20, P = 0.454;
I* = 50.5%, P for heterogeneity = 0.109). When stratified
by ovarian conservation status, elevated stroke risk was
observed both in women with ovarian conservation
(HR: 1.05, 95% CI: 1.01-1.08, P = 0.01; I* = 29.6%, P for
heterogeneity = 0.182) and those with bilateral oopho-
rectomy (HR: 1.18, 95% CI. 1.10-1.27, P< 0.001;
I? = 9.6%, P for heterogeneity = 0.355) compared with no
surgery.

Thirteen studies examined bilateral oophorectomy’s
association with stroke risk.15-17.19.21-28.36 Compared with
no oophorectomy (regardless of hysterectomy status),
pooled analysis showed significantly increased stroke risk
(HR: 1.13, 95% CI: 1.09-1.17, P< 0.001; I> = 17.3%,
P for heterogeneity = 0.269). After excluding one study
with unclear oophorectomy classification,23  results
remained consistent (HR: 1.13, 95% CI. 1.09-1.18,
P<0.001; I? = 22.2%, P for heterogeneity = 0.225).
Subgroup analyses by surgical indication and reference
populations showed no significant differences across all
subgroups (Table 2).

Sensitivity analysis sequentially excluding each study
confirmed the robustness of our findings, with no single
study significantly influencing the overall results (Supple-
mental Table 8 and Supplemental Table 9, Supplemental
Digital Content 1, http://links.lww.com/MENO/B397).

© 2025 by The Menopause Society
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TABLE 2. Meta-analysis for the association between stroke risk and hysterectomy and/or bilateral ovariectomy

Pooled results Heterogeneity
Exposure Group Model HR and 95% CI P I (%) P
Bilateral ovariectomy vs nonbilateral All studies Fixed 1.13 (1.09-1.17) <0.001 17.3 0.269
ovariectomy
Surgery indication — — — — —
Benign Fixed 1.13 (1.08-1.18) <0.001  39.8  0.102
Benign/malignant Fixed 1.12 (1.05-1.20) 0.001 0.0 0.753
Reference populations — — — — —
No hysterectomy or bilateral ovariectomy Fixed 1.16 (1.11-1.21) <0.001 0.5 0.430
Hysterectomy alone Fixed 1.08 (1.02-1.15) 0.007  10.5 0.341
Hysterectomy vs non-hysterectomy All studies Random 1.09 (1.04-1.15) 0.001 504 0.034
Surgery indication — — — — —
Benign Random 1.10 (1.04-1.17) 0.001  56.5 0.042
Benign/malignant Random 1.05 (0.92-1.20) 0454 50.5  0.109
Status of ovarian conservation — — — — —
Bilateral ovariectomy Fixed 1.18 (1.10-1.27)  <0.001 9.6 0.355
Hysterectomy alone or ovarian Fixed 1.05 (1.01-1.08) 0.010  29.6 0.182

conservation

HR, hazard ratio.

Egger tests (P = 0.642 for bilateral oophorectomy;
P = 0.676 for hysterectomy) and funnel plots (Supple-
mental Fig. 3, Supplemental Digital Content 1, http://
links.lww.com/MENO/B397) both indicated no evidence
of publication bias.

In another sensitivity analysis, we calculated E-val-
ues of 1.51 for bilateral ovariectomy and 1.40 for
hysterectomy, suggesting the observed HR of 1.13 for
bilateral ovariectomy and 1.09 for hysterectomy could be
attributed to an unmeasured confounder that is linked
with both exposures and stroke, with a risk ratio of 1.51-
fold or 1.4-fold respectively, or above and beyond the
measured confounders. However, weaker confounding
could not account for this.

Based on the Newcastle Ottawa Scale, all included
studies were classified as good quality with the exception
of one study, which was rated as poor quality (Supple-
mental Table 10, Supplemental Digital Content 1, http://
links.lww.com/MENO/B397). In addition, the GRADE
evaluation indicated that the overall quality of evidence
was “very low” for hysterectomy and bilateral oopho-
rectomy (Supplemental Table 11, Supplemental Digital
Content 1, http://links.lww.com/MENO/B397).

DISCUSSION

Principal findings

In the NHANES 1999-2018 study with follow-up
until the end of 2019, hysterectomy was not significantly
associated with stroke risk. However, a subsequent meta-
analysis incorporating NHANES and other cohort data
demonstrated elevated stroke risk with hysterectomy and/
or bilateral oophorectomy.

Potential biological mechanisms

The biological mechanisms connecting stroke risk to
hysterectomy and/or bilateral oophorectomy remain elu-
sive. Potential mechanisms include:

© 2025 by The Menopause Society

e These surgeries lead to abrupt estrogen loss impairing
cardiovascular protection.4-14

e Harmful hemorheologic changes occur after surgery.
Evidence indicates that menopausal hematocrit
elevation increasing blood viscosity, promoting endo-
thelial damage and thrombogenesis through shear
stress.26,51-54

e Hysterectomy induces menopausal transition, while
postmenopausal iron dysregulation accelerates athero-
sclerosis through oxidative pathways.55-58

e Hysterectomy—especially when performed abdominally
—can provoke a systemic inflammatory response,39-62
contributing to endothelial dysfunction.

e Ovary-retaining hysterectomy elevating atherogenic lip-
ids (total/LDL cholesterol) versus natural menopause.®3

Current concerns

The primary concern regarding hysterectomy and
stroke risk is the confounding effect of bilateral oopho-
rectomy. While 2 studies showed nonsignificant increased
risk for hysterectomy alone versus no surgery,!8.20
5 studies provided separate comparisons.2!.23.25-27 The
Korean cohort found no significant stroke risk increase
with hysterectomy, regardless of oophorectomy status.?!
Four other studies consistently showed elevated stroke risk
with hysterectomy (with or without oophorectomy),23:25-27
though not always significant.23.27 Qur NHANES analysis
similarly found an increased risk was identified for
hysterectomy with bilateral oophorectomy, but not for
hysterectomy alone or hysterectomy with unilateral
oophorectomy, compared with no surgery. Furthermore,
we observed a marginally significant association when
comparing hysterectomy with bilateral oophorectomy versus
hysterectomy alone. Finally, pooling analyses combining
NHANES with other cohorts revealed an 18% higher risk of
stroke for hysterectomy with bilateral oophorectomy, and a
5% higher risk of stroke for hysterectomy alone.
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Surgical indication is another concern. While NHANES
lacked surgical indication data, meta-analysis studies pre-
dominantly reported benign indications,!5-20.22.252628 with 4
studies including benign/malignant cases.21:2324.27 Subgroup
analysis revealed an increased risk of stroke across all surgical
indications, though nonsignificant in the benign/malignant
subgroup undergoing hysterectomy. Current evidence lacks
differentiated stroke risk by specific indications (endometriosis,
adenomyosis, fibroids, abnormal uterine bleeding, prolapse,
and other rare conditions) with distinct pathogeneses. For
instance, some evidence suggests that endometriosis is asso-
ciated with an increased risk of stroke.6465 Hence, future re-
search with indication-specific data is needed to clarify
differential cerebrovascular risks.

Apart from ovarian conservation and surgical in-
dications, the association between stroke risk and
hysterectomy and/or bilateral oophorectomy appears to
depend on the age at surgery or menopausal status. While
NHANES and other cohorts found no age-specific
associations,!5:17.19.22 three nationwide registries demon-
strated elevated risk with younger surgical age,!6.18.25
without similar associations in groups around the meno-
pausal age or older. Nevertheless, the use of varying pre-
specified age cut-offs (eg, <45, <49, and <50) across
these studies was used.!6.18,25 Similarly, the Danish regis-
ters reported an increased stroke risk only in pre-
menopausal and early postmenopausal women, but not in
perimenopausal and late postmenopausal women.28 Po-
tential explanations for these discrepancies include: (1)
possible chance findings, (2) selection bias, where older
women undergoing elective surgery for benign reasons
might be healthier and at lower stroke risk than younger
women without surgery, may be present in previous
studies,!® (3) extended loss of hormonal protection in
younger cohorts, (4) heightened sensitivity to hormonal
shifts in younger women. Women around the menopausal
age or older naturally experience a gradual decline in
hormone levels due to aging, so the surgery has less impact
on their hormonal balance. Moreover, the InterLACE
study found that initiating HT after surgical menopause
before age 45 was associated with modestly lower stroke
risk compared with nonusers,24 aligning with 2022
guidelines recommending HT until average menopause
age (~52 y) for surgical menopause/primary ovarian
insufficiency.%¢ Hence, the menopausal status, age at sur-
gery, the timeline of event since surgery, and interaction
between HT use and age at surgery warrants further in-
vestigation.

Two studies examining stroke subtype risks post-
hysterectomy/oophorectomy yielded discordant findings:
the Korean cohort data showed no elevated risk,2! whereas
the China Kadoorie Biobank identified increased ischemic
stroke risk, without hemorrhagic stroke association.25 This
discrepancy may reflect pathophysiological distinctions
between stroke subtypes—ischemic (87% of all stroke cases)
and hemorrhagic (40% of stroke-related deaths) strokes
exhibit differential risk factor profiles, including diabetes,
atrial fibrillation, previous stroke, smoking, and alcohol
consumption.67.68 Therefore, these procedures may differ-
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entially affect stroke subtypes, warranting future studies to
elucidate subtype-specific associations and mechanistic
distinctions between ischemic and hemorrhagic strokes.

Several hysterectomy techniques—including total
abdominal, total laparoscopic, and vaginal hysterectomy
—remain under-researched. Only one study has examined
laparoscopic hysterectomy and stroke risk, demonstrating
significantly higher risk versus no hysterectomy.2¢ In ad-
dition, current evidence points that ovarian reserve decline
(anti-Miillerian hormone reduction) across techniques,
most marked post-abdominal hysterectomy than laparo-
scopic method.%® Given these findings, further research is
crucial to establish procedure-specific risk profiles, in-
forming personalized surgical selection.

Compared with previous meta-analyses

Several meta-analyses have explored the association
between stroke risk and hysterectomy and/or bilateral
oophorectomy.”0-72 The earliest analysis, which included 2
studies without adjustment for potential confounders, re-
ported that hysterectomy might confer a 12% decrease in
stroke risk for women.’0 Subsequent work in 2022, in-
corporating one cross-sectional and 5 cohort studies, found
no statistically significant association between hysterectomy
(regardless of oophorectomy status) and stroke risk.”! The
most recent 2024 meta-analysis of 4 cohort studies identified
a significantly elevated stroke risk specifically for hysterec-
tomy performed with concurrent bilateral oophorectomy
relative to no surgery.’? In our investigation, we conducted
a pooled analysis of NHANES and 15 additional studies to
enhance analytical comprehensiveness and statistical pow-
er. Our methodology specifically accounted for 3 critical
domains: (1) reference population heterogeneity, (2) ovar-
ian conservation status, and (3) surgical indications. The
final results revealed that hysterectomy alone also elevates
stroke risk, while combined hysterectomy-oophorectomy
showed further risk elevation compared with hysterectomy
alone.

Strengths and limitations

The NHANES study boasts several strengths, in-
cluding its prospective data collection, extended follow-up
period, and comprehensive adjustment for key con-
founders. Additional merits include the consideration of
ovarian conservation status, surgical indications, and ref-
erence exposure variations, with consistent subgroup find-
ings. However, notable weaknesses warrant consideration.
First, potentially, misclassification may attenuate true as-
sociations. In NHANES study, bilateral oophorectomy
ascertainment (2007-2018 cycles) focused solely on whether
participants had “both ovaries removed,” potentially in-
cluding unilateral cases in the reference group. In the meta-
analysis, the NHANES and some other studies assessed
surgical history and covariates exclusively through self-re-
ported questionnaires at baseline, failing to account for
temporal changes during follow-up periods. Future studies
should employ validated medical records to assess
hysterectomy and oophorectomy, ensuring greater accu-
racy and reliability. Second, residual confounding persists

© 2025 by The Menopause Society



Menopause ¢ Volume 32, Number 12, December 2025

Stroke risk and hysterectomy

(eg, drug use, education, and socioeconomic factors) as
a persistent concern inherent to observational designs.
Earlier research omitted key socioeconomic determinants
(eg, education, income) influencing surgical decisions,
potentially compromising validity. Third, the potential
publication bias highlights the need for a cautious inter-
pretation of the results, although no evidence of such bias
was identified.

Perspectives and significance

Hysterectomy demonstrates cost-effectiveness for
gynecologic disorders, performed in 20% of US women
(50% with concurrent oophorectomy).”>74 The high
prevalence of this intervention necessitates comprehensive
evaluation of its long-term health consequences. The
current study indicates that hysterectomy and/or bilateral
oophorectomy are associated with an increased risk of
stroke, underscoring that women who have had these
surgeries should be closely monitored and require proac-
tive preventive health measures for early signs of stroke.
Moreover, our findings encourage clinical researchers to
explore new safer surgical techniques or alternative treat-
ments for diseases related to hysterectomy/bilateral
oophorectomy.

CONCLUSIONS

Women having a hysterectomy and/or bilateral
oophorectomy had higher risks of stroke compared with
those who did not have surgery. Future prospective studies
with a large sample size and longer follow-up period are
needed to address the disparities of type of stroke, age at
surgery, surgical techniques, and menopause status on the
association between stroke risk and hysterectomy and/or
bilateral oophorectomy.

REFERENCES

1. GBD 2021 Stroke Risk Factor Collaborators. Global, regional, and
national burden of stroke and its risk factors, 1990-2021: a systematic
analysis for the Global Burden of Disease Study 2021. Lancet Neurol
2024;23:973-1003. doi:10.1016/S1474-4422(24)00369-7

2. Petrea RE, Beiser AS, Seshadri S, Kelly-Hayes M, Kase CS, Wolf
PA. Gender differences in stroke incidence and poststroke disability
in the Framingham heart study. Stroke 2009;40:1032-1037. doi:10.
1161/STROKEAHA.108.542894

3. Lisabeth L, Bushnell C. Stroke risk in women: the role of menopause
and hormone therapy. Lancet Neurol 2012;11:82-91. doi:10.1016/
S1474-4422(11)70269-1

4. El Khoudary SR, Thurston RC. Cardiovascular implications of the
menopause transition: endogenous sex hormones and vasomotor
symptoms. Obstet Gynecol Clin North Am 2018;45:641-661. doi:10.
1016/j.0gc.2018.07.006

5. Krause DN, Duckles SP, Pelligrino DA. Influence of sex steroid
hormones on cerebrovascular function. J Appl Physiol (1985) 2006;
101:1252-1261. doi:10.1152/japplphysiol.01095.2005

6. Iorga A, Cunningham CM, Moazeni S, Ruffenach G, Umar S,
Eghbali M. The protective role of estrogen and estrogen receptors in
cardiovascular disease and the controversial use of estrogen therapy.
Biol Sex Differ 2017;8:33. doi:10.1186/s13293-017-0152-8

7. Uldbjerg CS, Wilson LF, Koch T, et al. Oophorectomy and rate of
dementia: a prospective cohort study. Menopause 2022;29:514-522.
doi:10.1097/GME.0000000000001943

8. Luo G, Zhang Y, Wang L, et al. Risk of colorectal cancer with
hysterectomy and oophorectomy: a systematic review and meta-
analysis. Int J Surg 2016;34:88-95. doi:10.1016/j.ijsu.2016.08.518

© 2025 by The Menopause Society

20.

21.

22.

23.

24.

25.

26.

27.

. Judd HL. Hormonal dynamics associated with the menopause.

Clin Obstet Gynecol 1976;19:775-788. doi:10.1097/00003081-
197612000-00005

. Laughlin GA, Barrett-Connor E, Kritz-Silverstein D, von Miihlen

D. Hysterectomy, oophorectomy, and endogenous sex hormone
levels in older women: the Rancho Bernardo Study. J Clin Endocrinol
Metab 2000;85:645-651. doi:10.1210/jcem.85.2.6405

. Xiangying H, Lili H, Yifu S. The effect of hysterectomy on ovarian

blood supply and endocrine function. Climacteric 2006;9:283-289.
doi:10.1080/13697130600865774

. Singha A, Saha S, Bhattacharjee R, et al. Deterioraron of ovarian

function after total abdominal hysterectomy with preservaron of
ovaries. Endocr Pract 2016;22:1387-1392. doi:10.4158/EP161215.0R

. Huang Y, Wu M, Wu C, et al. Effect of hysterectomy on ovarian

function: a systematic review and meta-analysis. J Ovarian Res 2023;
16:35. doi:10.1186/s13048-023-01117-1

. Hehenkamp WJ, Volkers NA, Broekmans FJ, et al. Loss of ovarian

reserve after uterine artery embolization: a randomized comparison
with hysterectomy. Hum Reprod 2007;22:1996-2005. doi:10.1093/
humrep/dem105

. Rivera CM, Grossardt BR, Rhodes DJ, et al. Increased cardiovas-

cular mortality after early bilateral oophorectomy. Menopause 2009;
16:15-23. doi:10.1097/gme.0b013e31818888f7

. Ingelsson E, Lundholm C, Johansson AL, Altman D. Hysterectomy

and risk of cardiovascular disease: a population-based cohort study.
Eur Heart J 2011;32:745-750. doi:10.1093/eurheartj/ehqd77

. Jacoby VL, Grady D, Wactawski-Wende J, et al. Oophorectomy vs

ovarian conservation with hysterectomy: cardiovascular disease, hip
fracture, and cancer in the Women’s Health Initiative Observational
Study. Arch Intern Med 2011;171:760-768. doi:10.1001/archin
ternmed.2011.121

. Yeh JS, Cheng HM, Hsu PF, et al. Hysterectomy in young women

associates with higher risk of stroke: a nationwide cohort study. Int J
Cardiol 2013;168:2616-2621. doi:10.1016/j.ijcard.2013.03.042

. Parker WH, Feskanich D, Broder MS, et al. Long-term mortality

associated with oophorectomy compared with ovarian conservation
in the nurses’ health study. Obstet Gynecol 2013;121:709-716. doi:10.
1097/A0G.0b013e3182864350

Laughlin-Tommaso SK, Khan Z, Weaver AL, Smith CY, Rocca
WA, Stewart EA. Cardiovascular and metabolic morbidity after
hysterectomy with ovarian conservation: a cohort study. Menopause
2018;25:483-492. doi:10.1097/GME.0000000000001043

Choi HG, Lee SW. Hysterectomy does not increase the risk of
hemorrhagic or ischemic stroke over a mean follow-up of 6 years:
a longitudinal national cohort study. Maturitas 2018;117:11-16.
doi:10.1016/j.maturitas.2018.08.008

Lai JC, Chou YJ, Huang N, et al. The risk of stroke after bilateral
salpingo-oophorectomy at hysterectomy for benign diseases: a
nationwide cohort study. Maturitas 2018;114:27-33. doi:10.1016/.
maturitas.2018.05.007

Peters SA, Woodward M. Women’s reproductive factors and
incident cardiovascular disease in the UK Biobank. Heart 2018;104:
1069-1075. doi:10.1136/heartjnl-2017-312289

Zhu D, Chung HF, Dobson AJ, et al. Type of menopause, age of
menopause and variations in the risk of incident cardiovascular
disease: pooled analysis of individual data from 10 international
studies. Hum Reprod 2020;35:1933-1943. doi:10.1093/humrep/deaal24
Poorthuis MHF, Yao P, Chen Y, et al. Risks of stroke and heart
disease following hysterectomy and oophorectomy in Chinese
premenopausal women. Stroke 2022;53:3064-3071. doi:10.1161/
STROKEAHA.121.037305

Yuk JS, Kim BG, Lee BK, et al. Association of early hysterectomy
with risk of cardiovascular disease in Korean women. JAMA Netw
Open 2023;6:¢2317145. doi:10.1001/jamanetworkopen.2023.17145
Farland LV, Rice MS, Degnan W1J 111, et al. Hysterectomy with and
without oophorectomy, tubal ligation, and risk of cardiovascular
disease in the Nurses’ Health Study II. J Womens Health 2023;32:
747-756. doi:10.1089/jwh.2022.0207

. Gottschau M, Rosthgj S, Settnes A, et al. Long-term health consequences

after ovarian removal at benign hysterectomy: a nationwide cohort study.
Ann Intern Med 2023;176:596-604. doi:10.7326/M22-1628

|7



Shao et al

Menopause ¢ Volume 32, Number 12, December 2025

29.

30.

31.
32.

33.

34.

35.

36.

37.
38.
39.
40.

41.

42.

43.

44,

45.

46.
47.

48.

81

Parker WH, Broder MS, Chang E, et al. Ovarian conservation at the
time of hysterectomy and long-term health outcomes in the Nurses’
Health Study. Obstet Gynecol 2009;113:1027-1037. doi:10.1097/
AOG.0b013e3181allc64

Laughlin-Tommaso SK, Khan Z, Weaver AL, Schleck CD, Rocca
WA, Stewart EA. Cardiovascular risk factors and diseases in women
undergoing hysterectomy with ovarian conservation. Menopause
2016;23:121-128. doi:10.1097/GME.0000000000000506

Kharazmi E, Fallah M, Luoto R. Cardiovascular diseases attribut-
able to hysterectomy: a population-based study. Acta Obstet Gynecol
Scand 2007;86:1476-1483. doi:10.1080/00016340701698633
Honigberg MC, Zekavat SM, Aragam K, et al. Association of
premature natural and surgical menopause with incident cardiovascular
disease. JAMA 2019;322:2411-2421. doi:10.1001/jama.2019.19191
Cheng K, Liu X. Relationship between hysterectomy and stroke in
National Health and Nutrition Examination Survey (NHANES)
2007-2018: a cross-sectional study. Ann Transl Med 2022;10:1209.
doi:10.21037/atm-22-4681

Shen R, Wang J, Tian Y, et al. Association between hysterectomy
status and stroke risk and cause-specific and all-cause mortality:
evidence from the 2005-2018 National Health and Nutrition
Examination Survey. Front Neurol 2023;14:1168832. doi:10.3389/
fneur.2023.1168832

Hassan H, Rahman T, Bacon A, et al. Long-term health outcomes of
bilateral salpingo-oophorectomy in women with personal history of
breast cancer. Cancer Res 2023;83:988. doi:10.1136/bmjonc-2024-
000574

Gierach GL, Pfeiffer RM, Patel DA, et al. Long-term overall and
disease-specific mortality associated with benign gynecologic surgery
performed at different ages. Menopause 2014;21:592-601. doi:10.
1097/GME.0000000000000118

Curtin LR, Mohadjer LK, Dohrmann SM, et al. The National
Health and Nutrition Examination Survey: sample design, 1999-
2006. Vital Health Stat 2 2012;155:1-39.

Curtin LR, Mohadjer LK, Dohrmann SM, et al. National Health
and Nutrition Examination Survey: sample design, 2007-2010. Vital
Health Stat 2 2013:1-23.

Johnson CL, Dohrmann SM, Burt VL, Mohadjer LK. National
health and nutrition examination survey: sample design, 2011-2014.
Vital Health Stat 2 2014:1-33.

Chen TC, Clark J, Riddles MK, Mohadjer LK, Fakhouri THIL
National Health and Nutrition Examination Survey, 2015-2018: sample
design and estimation procedures. Vital Health Stat 2 2020;184:1-35.
von Elm E, Altman DG, Egger M, et al. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Int J Surg
2014;12:1495-1499. doi:10.1016/j.ijsu.2014.07.013

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. Int J Surg 2010;8:336-341. doi:10.1016/j.
1jsu.2010.02.007

Rong S, Snetselaar LG, Xu G, et al. Association of skipping
breakfast with cardiovascular and all-cause mortality. J Am Coll
Cardiol 2019;73:2025-2032. doi:10.1016/j.jacc.2019.01.065

Thakar MS, Logan BR, Puck JM, et al. Measuring the effect of
newborn screening on survival after haematopoietic cell transplanta-
tion for severe combined immunodeficiency: a 36-year longitudinal
study from the Primary Immune Deficiency Treatment Consortium.
Lancet 2023;402:129-140. doi:10.1016/S0140-6736(23)00731-6
DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177-188. doi:10.1016/0197-2456(86)90046-2
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. Brit Med J 2003;327:557-560. doi:10.
1136/bm;j.327.7414.557

Egger M, Davey Smith G, Schneider M, Minder C. Bias in
metaanalysis detected by a simple, graphical test. Brit Med J 1997,
315:629-634. doi:10.1136/bm;j.315.7109.629

Sterne JA, Gavaghan D, Egger M. Publication and related bias in
meta-analysis: power of statistical tests and prevalence in the
literature. J Clin Epidemiol 2000;53:1119-1129. doi:10.1016/s0895-
4356(00)00242-0

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

VanderWeele TJ, Ding P. Sensitivity analysis in observational
research: Introducing the E-value. Ann Intern Med 2017;167:268-274.
doi:10.7326/M16-2607

Localio AR, Stack CB, Griswold ME. Sensitivity analysis for
unmeasured confounding: E-values for observational studies. Ann
Intern Med 2017;167:285-286. doi:10.7326/M17-1485

Cruickshank JM. Some variations in the normal haemoglobin
concentration. Br J Haematol 1970;18:523-529. doi:10.1111/j.1365-
2141.1970.tb00773.x

Eshtehardi P, Brown AJ, Bhargava A, et al. High wall shear stress
and high-risk plaque: an emerging concept. Int J Cardiovasc Imaging
2017;33:1089-1099. doi:10.1007/s10554-016-1055-1

Kim BG, Kim H, Hong SJ, et al. Relation of preprocedural
hemoglobin level to outcomes after percutaneous coronary inter-
vention. Am J Cardiol 2019;124:1319-1326. doi:10.1016/j.amjcard.
2019.07.056

Cho SW, Kim BG, Kim BO, et al. Hemorheological and glycemic
parameters and HDL cholesterol for the prediction of cardiovas-
cular events. Arq Bras Cardiol 2016;106:56-61. doi:10.5935/abc.
20150146

Araujo JA, Romano EL, Brito BE, et al. Iron overload augments the
development of atherosclerotic lesions in rabbits. Arterioscler
Thromb Vasc Biol 1995;15:1172-1180. doi:10.1161/01.atv.15.8.1172
Wood RIJ. The iron-heart disease connection: is it dead or just
hiding? Ageing Res Rev 2004;3:355-367. doi:10.1016/j.arr.2004.04.
002

Guo J, Tuo QZ, Lei P. Iron, ferroptosis, and ischemic stroke.

J Neurochem 2023;165:487-520. doi:10.1111/jnc.15807

Cheng XM, Hu YY, Yang T, Wu N, Wang XN. Reactive oxygen
species and oxidative stress in vascular-related diseases. Oxid Med
Cell Longev 2022;2022:7906091doi:10.1155/2022/7906091

Yuen PM, Mak TW, Yim SF, et al. Metabolic and inflammatory
responses after laparoscopic and abdominal hysterectomy. Am J
Obstet Gynecol 1998;179:1-5. doi:10.1016/s0002-9378(98)70243-1
Malik E, Buchweitz O, Miiller-Steinhardt M, Kressin P, Meyhofer-
Malik A, Diedrich K. Prospective evaluation of the systemic immune
response following abdominal, vaginal, and laparoscopically assisted
vaginal hysterectomy. Surg Endosc 2001;15:463-466. doi:10.1007/
s004640000348

Yue Q, Ma R, Mao DW, et al. Effects of laparoscopically-assisted
vaginal hysterectomy compared with abdominal hysterectomy on
immune function. J Int Med Res 2009;37:855-861. doi:10.1177/
147323000903700330

Labib M, Palfrey S, Paniagua E, Callender R. The postoperative
inflammatory response to injury following laparoscopic assisted
vaginal hysterectomy versus abdominal hysterectomy. Ann Clin
Biochem 1997;34:543-545. doi:10.1177/000456329703400509

Zhang Y, Lee ET, Cowan LD, North KE, Wild RA, Howard BV.
Hysterectomy prevalence and cardiovascular disease risk factors in
American Indian women. Maturitas 2005;52:328-336. doi:10.1016/.
maturitas.2005.05.009

Farland LV, Degnan W1J III, Bell ML, et al. Laparoscopically
confirmed endometriosis and risk of incident stroke: a prospective
cohort study. Stroke 2022;53:3116-3122. doi:10.1161/STROKEA
HA.122.039250

Okoli U, Charoenngam N, Ponvilawan B, Jaroenlapnopparat A,
Mettler S, Obiejesie O. Endometriosis and risk of cardiovascular
disease: systematic review and meta-analysis. J Womens Health 2023;
32:1328-1339. doi:10.1089/jwh.2023.0091

The 2022 Hormone Therapy Position Statement of The North
American Menopause Society. Advisory Panel. The 2022 hormone
therapy position statement of The North American Menopause
Society. Menopause 2022;29:767-794. doi:10.1097/GME.
0000000000002028

Shao C, Tang H, Zhao W, He J. Nut intake and stroke risk: a
doseresponse meta-analysis of prospective cohort studies. Sci Rep
2016;6:30394. doi:10.1038/srep30394

Andersen KK, Olsen TS, Dehlendorff C, Kammersgaard LP.
Hemorrhagic and ischemic strokes compared: stroke severity,
mortality, and risk factors. Stroke 2009;40:2068-2072. doi:10.1161/
STROKEAHA.108.540112

© 2025 by The Menopause Society



Menopause ¢ Volume 32, Number 12, December 2025

Stroke risk and hysterectomy

69.

70.

71.

Tavana Z, Askary E, Poordast T, Soltani M, Vaziri F. Does
laparoscopic hysterectomy + bilateral salpingectomy decrease the
ovarian reserve more than total abdominal hysterectomy? A cohort
study, measuring anti-Miillerian hormone before and after surgery.
BMC Womens Health 2021;21:329. doi:10.1186/s12905-021-01472-5
Poorthuis MH, Algra AM, Algra A, Kappelle LJ, Klijn CJ.
Femaleand male-specific risk factors for stroke: a systematic review
and meta-analysis. JAMA Neurol 2017;74:75-81. doi:10.1001/jama
neurol.2016.3482

Wang Z, Li X, Zhang D. Impact of hysterectomy on
cardiovascular disease and different subtypes: a meta-analysis. Arch
Gynecol Obstet 2022;305:1255-1263. doi:10.1007/s00404-021-06240-2

© 2025 by The Menopause Society

72.

73.

74.

Hassan H, Allen I, Sofianopoulou E, et al. Long-term outcomes of
hysterectomy with bilateral salpingo-oophorectomy: a systematic
review and meta-analysis. Am J Obstet Gynecol 2024;230:44-57.
doi:10.1016/j.aj0g.2023.06.043

Adelman MR, Sharp HT. Ovarian conservation vs removal at the
time of benign hysterectomy. Am J Obstet Gynecol 2018;218:269-279.
doi:10.1016/j.aj0g.2017.07.037

Gopalani SV, Dasari SR, Adam EE, Thompson TD, White MC,
Saraiya M. Variation in hysterectomy prevalence and trends among
US States and Territories-Behavioral Risk Factor Surveillance
System, 2012-2020. Cancer Causes Control 2023;34:829-835. doi:10.
1007/s10552-023-01735-6



