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Abstract

Background: The association of hysterectomy with risk of cardiovascular disease(CVD) remains unclear. Objective: To evaluate
the relationship between hysterectomy and the risk of CVD. Search Strategy: Five databases and reference lists of relevant
studies were systematically searched up to January 2020. Selection Criteria: Observational studies evaluating the relationship
between hysterectomy and risk of CVD or its subordinate diseases and non-hysterectomy controls were retained. Data Collection
and Analysis: Pooled relative risks (RRs) and 95% CI were calculated by random effects model. Subgroup analyses and meta-
regressions were performed to explore potential sources of heterogeneity. Small-study effects were estimated by Egger’s test
and funnel plot. Main Results: Fourteen articles were included in our meta-analysis. The pooled RR (95% CI) of ischemic
heart disease risk for hysterectomy versus non-hysterectomy was 1.20 (95% CI: 1.08-1.35). In association between ischemic
heart disease and hysterectomy with ovarian preservation or hysterectomy with oophorectomy, significant positive associations
were observed. A significant association was also found with having hysterectomy before 50y (1.19; 95% CI:1.01-1.41), but
not with after 50y (1.16; 95% CI: 0.87-1.54). Hysterectomy might increase the risk of hypertension and unclassified CVD, but
have no influence on other subordinate diseases of CVD. Conclusions: hysterectomy, whether preserving ovaries or not, might
increase the risk of ischemic heart disease and hypertension, not of stroke. Hysterectomy might increase the risk of ischemic
heart disease and stroke in women who had surgery below 50y. Keywords: hysterectomy, cardiovascular disease, hysterectomy

with ovarian preservation, hysterectomy with oophorectomy, age at operation, meta-analysis.

Tweetable Abstract

Hysterectomy, whether keeping ovaries or not, might increase the risk of ischemic heart disease and hyper-
tension, not of stroke.

1 Introduction

Hysterectomy is a common surgery in women especially for benign gynecological diseases owing to its low
perioperative morbidity and definite therapeutic effect.’> 2 Although in recent years, endometrial ablation
has become mature gradually, it cannot completely replace hysterectomy because the re-operation rates after
endometrial ablation including repeat ablation and hysterectomy increase progressively over time.? Studies
have shown that hysterectomy is associated with increased risks of many diseases, such as bipolar disorder?,
fallopian tube prolapse?, osteoporosis®, dementia® and colorectal cancer’. In addition, the association be-
tween hysterectomy and the risk of cardiovascular disease (CVD) was found.®-!¢

In the 19" century, the incidence of coronary artery disease (CAD) was found higher in male than female.!7-1?

Researchers later confirmed that male predominance depended on age®’ and it disappeared in people over
60. Meanwhile, it was found that the serum cholesterol of women over 50 years old was significantly higher
than that of young women.2!> 22 Tt was speculated that this phenomenon was due to the ovarian involution



after menopause. Therefore, many observational studies assessing the association between oophorectomy
and CAD were conducted, regardless of the influence of hysterectomy.?? In the process of exploring this
problem, negative effects of hysterectomy on CAD and other cardiovascular diseases were recognized.'”> 23

Although a lot of researches were conducted, the epidemiological evidence of the relationship between hys-
terectomy and CVD is controversial.'0-14: 16, 24-27 Gince hysterectomy leads to ovarian failure by interfer-
ing with blood and nerve supply of the ovaries, some studies showed hysterectomy would increase the
risk of CVD.10-14, 16, 28-30 However, Some researchers found hysterectomy was not associated with risk of
CVD.?*2"They considered that the increased CVD risk may because of the more adverse initial risk of CVD
rather the hysterectomy itself.?4-26: 3 Therefore, we conducted a meta-analysis to assess: (1) the relation
between unclassified hysterectomy and risk of CVD; (2) the relationship between hysterectomy with ovarian
preservation and risk of CVD; (3) the association between hysterectomy with oophorectomy and risk of
CVD; (4) whether the age of hysterectomy will influence CVD risk.

2 Methods
2.1 Data sources

This study was conducted by MOOSE guidelines®?. A search of the literature up to January 2020 was
performed from the databases of PubMed, Web of Science, Wan fang, VIP (Chinese scientific and technical
journal database) and CNKI (National Knowledge Infrastructure of China). The following search terms
were used:exposure (“hysterectomy” or “surgical removal of the uterus”) and outcomes (“heart disease” or
“CVD” or “cardiovascular disease” or “CAD” or “CHD” or “coronary artery disease” or “coronary heart
disease” or “ischemic heart disease” or “hypertension” or “high blood pressure” or “stroke” or “arrhythmias”
or “myocardial infarction” or “angina pectoris” or “heart failure”). The language was restricted to English
and Chinese. Furthermore, relevant studies which were not captured by our database searches but listed as
the bibliographies of selected articles were also included.

2.2 Study selection

All included studies were reviewed independently by two investigators (Z.W. and X.L.), and the results
were reviewed by the third investigator (D.Z.). The inclusion criteria were restricted to (1) observational
studies (cohort studies, case-control studies and cross-sectional studies); (2) the exposure of interest was
hysterectomy; (3) the outcome of interest was CVD or its subordinate diseases; (4) hazard ratio (HR ) or
odds ratio (OR ) or risk ratio (RR ) and 95% confidence interval (95% CI ) were available; (5) the controls
were women without hysterectomy; (6) the most recent and complete article was adopted when data were
duplicated in more than once for the same outcome.

2.3 Data extraction

Information was collected for each study including the following aspects: (1) name of the first author; (2)
publication year; (3) study type; (4) continent where the study was conducted; (5) mean age or range;
(6) outcome of the diseases; (7) ovaries status (hysterectomy with ovarian preservation; hysterectomy with
unilateral oophorectomy; hysterectomy with bilateral oophorectomy; hysterectomy with oophorectomy); (8)
age at operation; (9) OR , RR orHR with 95% CI including accompanying oophorectomy or not and age
at operation; (10) case number and sample size; (11) adjusted covariates. If more than one RRs provided,
we extracted RRs (95% CI) which controlled the influential confounding factors to the greatest extent.
Two investigators (Z.W. and X.L.) independently extracted data and any disagreements were resolved by
discussing with the third investigator (D.Z.).

2.4 Data synthesis

We chose the ischemic heart disease as the main disease to analysis. The studies included were summarized
according to their RRs with corresponding 95% CI . The study-specific log RRs were weighted by the inverse
of their variance, and the weighted values were used to assess the association between hysterectomy and risk
of CVD. Furthermore, pooling was also performed for studies on different ovaries status (hysterectomy with



oophorectomy or hysterectomy with ovarian preservation) and studies on age at hysterectomy (divided by
50 years old). In our analysis, hysterectomy with unilateral oophorectomy was classified as the category
of hysterectomy with ovarian preservation, and hysterectomy with bilateral oophorectomy was classified as
hysterectomy with oophorectomy. Overall RRs with 95% CI in each study, instead of stratum-specific values
(eg, separate estimates for hysterectomy with oophorectomy and hysterectomy with ovarian preservation),
were used to assess total pooled RR of this meta-analysis. If an overall value was not presented in the article,
the stratum-specific values were used following the principle that the populations in the different strata did
not overlap.

Assessment for among-study heterogeneity was performed by calculating/? which represents no, low, moder-
ate and high heterogeneity when its values are 0, 25, 50 and 75% respectively.?> The fixed-effect model was
used if moderate or lower heterogeneity (I° [?]50%) was found. If I? >50%, the random-effect model was
adopted. Pre-specified characteristics including publication year, continent and study design for exploring
potential sources of heterogeneity were used in meta-regressions and subgroup analyses.?* The sensitivity
analysis which usel? >50% as the criteria was applied to evaluate the excluded studies that have substantial
impact on between-study heterogeneity.?> We also assessed the relationship between hysterectomy with or
without oophorectomy and CVD, age at operation and CVD. The influence analysis was performed with
one study removed at a time to assess whether the results could have been affected markedly by a single
study.?6 The small-study effects were detected by Egger test3” and funnel plot. All statistical analyses were
carried out with STATA version 15.0 (Stata Corporation, College Station, TX, USA). All reported 2-tailed
P values were considered statistically significant when P[?]0.05.

3 Results
3.1 Literature search and study characteristics

A total of 6706 articles were identified by search strategy. Seven additional articles were found in reference
lists of retrieved studies. After removing the duplications and uncorrelated articles which were checked by
screening titles and abstracts, 264 articles were included. We excluded 250 articles because: reviews (n=11);
full texts were not available (n=30); the association of interest was not evaluated (n=71); OR , RR or HR and
corresponding 95% CI were not available (n=138). Ultimately, 14 articles!0-16, 24-27, 31, 38, 39 which fulfilled
the inclusion criteria were included in the meta-analysis (Figure 1).

Of the 17 studies about ischemic heart disease, there are 9 cohort studies, 3 cross-sectional studies, and 5 case-
control studies. Twelve studies investigated the relationship between hysterectomy with ovarian preservation
and ischemic heart disease, 4 studies researched the relationship between hysterectomy with oophorectomy
and ischemic heart disease. The relationships between surgery before 50 years old or surgery after 50 years
old and risk of ischemic heart disease were investigated in 8 studies and 6 studies respectively.

Furthermore, 6 studies explored the relationship between hysterectomy and CVD. And 5 studies for as-
sociation with ovarian preservation and CVD. Nine studies evaluated the relation between hysterectomy
with oophorectomy and CVD. Six studies assessing the relationship between hysterectomy and hyperten-
sion were found. Four studies and three studies were respectively used to evaluate the association between
hysterectomy with ovarian preservation and hypertension, and the relationship between hysterectomy with
oophorectomy and hypertension. There are 5 studies included to assess the relation of hysterectomy and
heart failure, 3 studies for arrhythmia and 8 studies for stroke. More details about the included studies were
shown in Table S1.

3.2 Ischemic heart disease

3.2.1 Pooled RR The pooled RR (95% CI) of ischemic heart disease risk for hysterectomy versus no
hysterectomy was 1.20 (95% CI : 1.08-1.35; I? =73.0%; Pheterogencity = 0.000; Figure 2).

3.2.2 Subgroup analysis and meta-regression In subgroup analysis stratified by study design, the pooled
RR was 1.15 (95% CI : 1.03-1.29; I? =77.3%; Pheterogencity = 0.000) in cohort studies; 1.27 (95% CI : 0.70-
2.28; I =78.8%; Pheterogencity = 0.001) in case-control studies; 1.61 (95% CI : 1.09-2.38; I* =0%; Pheterogencity



= 0.487) in cross-sectional studies, respectively. In subgroup analysis stratified by continent, the pooled RR
was 1.22 (95% CI : 0.90-1.66;1° =60.1%; Ppeterogeneity = 0.028) in North America; 1.20 (95% CI : 1.02-1.41;
I? =80.9%; Pheterogeneity = 0.000) in Europe and 1.20 (95% CI : 1.01-1.42; I? =41.5%; Pheterogencity = 0.181)
in Asian. We also conducted the subgroup analysis stratified by publication year, more details were shown in
Table S2. Meta-regressions of publication year (P =0.353), continent (P =0.801), study design (P =0.797),
sample size (P =0.446), case number (P =0.992) were conducted to explore the between-study heterogeneity.

3.2.3 Sensitivity analysis In sensitivity analysis, after excluding 2 studies of 2 articles'#: 39, the pooled RR
was 1.21 (95% CI : 1.12-1.31) and thel? dropped from 73.0% to 36.9%.

3.2.4 Influence analysis and publication bias Influence analysis showed that 1 study'* had an excessive
influence on the pooledRR (Figure S1). After excluding the excessive influential study, the pooled result
did not change obviously (RR : 1.24; 95% CI : 1.12-1.37; I* = 53.8%; Pheterogencity = 0.006). No significant
small-study effect was found by visual inspection of the funnel plot (Figure S2) and Egger test (P =0.394).

3.2.5 Ovarian status, age at operation In the analysis between hysterectomy with ovarian preservation
and risk of ischemic heart disease, the pooled RR was 1.33 (95% CI : 1.05-1.68;1° =54.4%; Pheterogencity =
0.012). The pooled RR was 1.31 (95% CI : 1.02-1.67; I? =0%;Pheterogeneity = 0.446) in the relationship
between hysterectomy with oophorectomy and risk of ischemic heart disease. The pooled RR was 1.19 (95%
CI : 1.01-1.41;1% =47.0%; Pheterogencity = 0.067) in the association between having surgery before 50 years
old and risk of ischemic heart disease; 1.16 (95% CI : 0.87-1.54;1 =73.6%; Pheterogeneity = 0.002) for the
association between having surgery after 50 years old and risk of ischemic heart disease. More details were
shown in Table 1.

3.3 Other cardiovascular diseases

The pooled RRs were 1.16 (95% CI : 1.03-1.30;1° =91%; Pheterogeneity= 0.000) from 6 studies; 1.31 (95% CI
: 1.10-1.56; 17 :79.5%;Phetemgeneity = 0.000) from 6 studies for the relationship between hysterectomy and
CVD, hysterectomy and hypertension, respectively.

As for ovarian status, the pooled RR was 1.18 (95% CI : 1.03-1.36; I° =93%;Pheterogeneity = 0.000) for hys-
terectomy with ovarian preservation and CVD risk. We also conducted the relationship between hysterec-
tomy with ovarian preservation and hypertension (RR : 1.36; 95% CI : 1.14-1.64;1° =82.6%; Ppeterogencity =
0.001) and the association between hysterectomy with oophorectomy and hypertension (RR : 1.39; 95% CI
: 1.05-1.84; I? =11.8%; Pheterogencity = 0.322).

In the women who had hysterectomy before 50 years old, the pooledRR was 1.18 (95% CI : 1.08-1.30;/°
=5.1%; Pheterogeneity= 0.378) for stroke.

More details were shown in Table 2.

4 Discussion

4.1 Main findings

4.1.1 Hysterectomy and risk of ischemic heart disease

This meta-analysis indicated that compared to non-hysterectomy, hysterectomy increased the risk of is-
chemic heart disease by 20%. In the results of subgroup analyses by study design, a significant association
was observed in cohort studies as well as in cross-sectional studies. In the subgroup analysis of continent, hys-
terectomy was significantly associated with increased risk of ischemic heart disease among studies conducted
in Europe and Asia.

In our research, 31% increase was found in the relationship between hysterectomy with oophorectomy and
ischemic heart disease. A 33% increase in ischemic heart disease was shown in persons who underwent
hysterectomy with ovarian preservation.

4.1.2 Hysterectomy and risk of other cardiovascular diseases



In relationship between hysterectomy and CVD, we found a 16% increased risk. And a 18% increase was
found in risk of CVD in women who have hysterectomy without oophorectomy compared to people without
hysterectomy.

Statistical significances were found in the relationship between hysterectomy and risk of hypertension, hys-
terectomy with oophorectomy and hypertension, hysterectomy with ovarian preservation and hypertension.

And in our research, it showed hysterectomy, whether with oophorectomy or not, did not influence the risk
of stroke. Our result was consistent with other studies.'® 27> 40> 41 There was evidence that hysterectomy
was associated with increased risk of CAD but not of stroke were restricted among women who did not have
hysterectomy and oophorectomy simultaneously.'® Because lacking of data about the time of oophorectomy
relative to hysterectomy, we did not do the further exploration.

4.2 Biologic plausibility

More than 50% of hysterectomy is accompanied by oophorectomy because oophorectomy is the only unam-
biguous method to prevent ovarian cancer.!® 24 4243 Tt is well known that the risk of CVD in women is
lower than that in men due to the presence of estrogen before menopause, but after entering menopause,
the risk of CVD is unbiased in men and women.!'!> 4 The possible reason for this result is the decrease of
estrogen level due to the oophorectomy.*> Considering the surgical menopause due to oophorectomy, the
American College of Obstetrics and Gynecology suggests premenopausal women choose hysterectomy with
ovarian preservation if no genetic risk of ovarian cancer.*® And some studies showed that ovarian preserva-
tion is beneficial to cardiovascular and nerve system.*”-> While in our results, the statistical significance
was shown when the ovaries are preserved. As we all know, no recognized endocrine factors that have direct
influence on the cardiovascular system can be produced from uterus.'® This association may be interpreted
as a decrease of ovarian blood flow due to hysterectomy, leading to premature ovarian failure.'* 45 And the
decline of ovarian reserve function subsequently promotes the consumption of follicles and finally acceler-
ates arteriosclerosis.?®> °2 In addition, there are a series of studies to prove that hysterectomy with ovarian
preservation can also reduce the endogenous hormones.?!-%3

4.3 Between-study heterogeneity

Between-study heterogeneity is common in meta-analysis.>* Moderate to high heterogeneity was found in
this analysis of hysterectomy and the risk of ischemic heart disease. To explore the potential sources of
between-study heterogeneity, we performed the subgroup analyses and meta-regressions with the covariates
of publication year, continent and study design. However, we did not find the factors as the important
determinants in the between-study heterogeneity.

We also conducted a leave-one-out sensitivity analysis to reduce the heterogeneity. After excluding two
studies, the heterogeneity decreased and the results remained significant. It showed our result was stable.

4.4 Strengths

As far as we know, this is the first meta-analysis to explore the association between hysterectomy and CVD
risk. There are several strengths in our meta-analysis. Firstly, there were a large number of participants in-
volved in our meta-analysis which guaranteed a much greater possibility of reaching reasonable conclusions.
Secondly, age at operation and ovarian status were two unnegligible factors making the relationship be-
tween hysterectomy and CVD difficult to analyze.*> Thus our results were more credible because we assessed
whether the ovarian status and age of operation could affect the risk of CVD. Thirdly, considering the defini-
tion of CVD varies in different studies, it’s inaccurate to assess the risk of overall CVD. In our meta-analysis,
we assessed kinds of cardiovascular diseases separately to avoid this deviation. Fourthly, a significant positive
association was found from cohort studies in subgroup analysis, indicating a potential causal relationship
between hysterectomy and risk of ischemic heart disease. Fifthly, there were no small-study effects in our
meta-analysis.

4.5 Limitations



Some limitations should be considered. Firstly, time of oophorectomy relative to hysterectomy is an im-
portant factor on CVD risk.'% '* However, because of the insufficiency of data, we did not assess the asso-
ciation between the different time of oophorectomy relative to hysterectomy (having oophorectomy before
hysterectomy, having hysterectomy and oophorectomy at the same time and having oophorectomy after
hysterectomy) and the risk of CVD. Secondly, whether hysterectomy with oophorectomy is worse in risk of
CVD than hysterectomy with ovarian preservation or not is still controversial.?6: 4® In our meta-analysis,
we found a 33% increase of ischemic heart disease risk in hysterectomy with ovarian preservation and a
31% increase in hysterectomy with oophorectomy. A statistical test is needed to assess whether there is a
difference between hysterectomy only and hysterectomy with oophorectomy. But due to the deficiency of
the data, we cannot compare the statistical difference between the two situations. Thirdly, moderate to high
between-study heterogeneity was found, but it was not completely explained by subgroup analyses and meta-
regressions. Presumably, confounders were different in each study, that may be an important determinant
in the heterogeneity. And the underlying confounders may have contributed to the heterogeneity.

5 Conclusion In summary, hysterectomy, whether the ovarian preservation or not, might increase the risk
of ischemic heart disease and hypertension, not of stroke. Hysterectomy might increase the risk of ischemic
heart disease and stroke in women who had surgery before 50y; in women who had surgery after 50y, the
results were nonsignificant.
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