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Abstract

Objective—To determine the long-term risk of cardiovascular disease and metabolic conditions 

in women undergoing hysterectomy with bilateral ovarian conservation compared with age-

matched referent women.

Methods—Using the Rochester Epidemiology Project records-linkage system, we identified 

2,094 women who underwent hysterectomy with ovarian conservation for benign indications 

between 1980 and 2002 in Olmsted County, Minnesota. Each woman was age-matched (±1 year) 

to a referent woman residing in the same county who had not undergone prior hysterectomy or any 

oophorectomy. These two cohorts were followed historically to identify de novo cardiovascular or 

metabolic diagnoses. We estimated hazard ratios and 95% confidence intervals using Cox 

proportional hazards models adjusted for 20 pre-existing chronic conditions and other potential 

confounders. We also calculated absolute risk increases and reductions from Kaplan-Meier 

estimates.

Results—Over a median follow-up of 21.9 years, women who underwent hysterectomy 

experienced increased risks of de novo hyperlipidemia (HR 1.14; 95% CI 1.05-1.25), hypertension 

(HR 1.13; 95% CI 1.03-1.25), obesity (HR 1.18; 95% CI 1.04-1.35), cardiac arrhythmias (HR 

1.17; 95% CI 1.05-1.32), and coronary artery disease (HR 1.33; 95% CI 1.12-1.58). Women who 
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underwent hysterectomy at age ≤35 years had a 4.6-fold increased risk of congestive heart failure 

and a 2.5-fold risk of coronary artery disease.

Conclusions—Even with ovarian conservation, hysterectomy is associated with an increased 

long-term risk of cardiovascular and metabolic conditions, especially in women who undergo 

hysterectomy at age ≤35 years. If these associations are causal, alternatives to hysterectomy should 

be considered to treat benign gynecologic conditions.
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INTRODUCTION

Over 400,000 hysterectomies with or without concurrent bilateral oophorectomy are 

performed each year in the U.S., most for benign disease.1,2 Studies have shown that 

bilateral oophorectomy increases mortality and the risk of cardiovascular disease (CVD) and 

other chronic diseases;3–5 thus, bilateral oophorectomy rates at the time of hysterectomy 

have decreased.6 On the other hand, the rates of hysterectomy with ovarian conservation are 

increasing, in particular for younger women.7,8 However, the possible harmful long-term 

outcomes of hysterectomy with ovarian conservation are understudied.

Previous studies of hysterectomy with ovarian conservation have had methodological 

limitations.9–14 Most studies did not control for pre-existing CVD which is increased in 

women undergoing hysterectomy.11,12 Some studies included women with a previous 

unilateral oophorectomy in the ovarian conservation group.9,10 Two recent studies have 

addressed some of these limitations, but had either limited data on pre-existing CVD or 

short-term follow-up.13,14 The aim of this study was to assess the long-term risk of CVD 

and metabolic conditions following hysterectomy with bilateral ovarian conservation 

compared to population-based referent women without prior hysterectomy or oophorectomy, 

after adjustment for chronic conditions present at the time of hysterectomy and for several 

potential confounders.

METHODS

Overall cohort study design

As part of the Mayo Clinic Study of Uterine Disease and Health (MCSUD), we studied 

2,094 Olmsted County, Minnesota resident women who underwent hysterectomy with 

ovarian conservation for benign indications between January 1, 1980 and December 31, 

2002 (23 years). Our cohort was a subset of a larger cohort previously established to study 

the frequency of hysterectomy, time trends, and some long-term sequelae, as reported 

elsewhere (Supplemental Digital Content 1).12,15–17 Women were identified using the 

Rochester Epidemiology Project (REP) medical records-linkage system that includes the 

complete inpatient and outpatient records of all medical providers in Olmsted County. 

Details of the REP and of the Olmsted County population have been previously published.18
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As described previously, the REP electronic indices were searched for procedural codes for 

hysterectomy and for diagnostic codes for surgical indication.17 We included all women who 

underwent hysterectomy with bilateral ovarian conservation during the study period, 

authorized the use of their medical records for research, and were 18 years old or older on 

the date of hysterectomy (index date). For each woman who underwent hysterectomy, we 

randomly identified one woman matched by age (±1 year) who resided in Olmsted County 

on the index date, had not undergone a hysterectomy or oophorectomy (unilateral or 

bilateral) prior to the index date, and had authorized the use of her medical records for 

research. Approximately 97% of the women residing in Olmsted County have provided the 

general research authorization required by the Minnesota law for inclusion into the system.18 

No other matching criteria or restrictions were used. The study was approved by the 

institutional review boards at Olmsted Medical Center and Mayo Clinic.

Ascertainment of conditions present at the index date

All International Classification of Diseases (ICD) codes for chronic conditions diagnosed 

before the index date were obtained electronically from the diagnostic indices of the REP. To 

align with our ongoing work on multimorbidity using the Department of Health and Human 

Services (DHHS) definition, we considered 18 DHHS chronic conditions as well as anxiety 

and obesity (total of 20 conditions listed in Supplemental Digital Content 2).19–21 To reduce 

the risk of false positive diagnoses, only women whose medical record contained at least two 

diagnostic codes separated by more than 30 days were considered to have that condition. 

Before 1994, a one-year separation of codes was required because finer dating of the codes 

was not available. Because the ICD codes were introduced in the REP in 1975, we restricted 

the established cohort to women who underwent hysterectomy on or after January 1, 1980 to 

provide a minimum of five years of diagnostic capture before the index date (1975-1979).

Cardiovascular and metabolic outcome conditions

Women in both the hysterectomy and referent cohorts were followed passively through the 

REP records-linkage system. The primary outcomes of the study were the following CVD 

and metabolic conditions: hyperlipidemia, hypertension, diabetes, obesity, cardiac 

arrhythmias, coronary artery disease (CAD), congestive heart failure (CHF), and stroke.20 

The CVD and metabolic outcomes were obtained electronically from the REP indices, and 

required at least two diagnostic codes separated by more than 30 days as described above. 

However, to include those conditions that caused acute death, a single diagnosis found 

anywhere on a death certificate was also sufficient.

Statistical analyses

Each CVD and metabolic condition was evaluated separately, and women with that 

condition prior to hysterectomy (or index date for referent women) were excluded from the 

analysis in order to evaluate de novo conditions. The duration of follow-up was calculated 

from the index date to the date of the condition diagnosis, date of death, last contact within 

the REP, or the end of the study (December 31, 2015), whichever came first. Cumulative 

incidence curves were estimated using the Kaplan-Meier method. Cox proportional hazards 

models were used to estimate hazard ratios (HRs) and corresponding 95% confidence 
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intervals (CIs) using age as the time scale with women entering the risk set at their 

respective index ages.

Although the hysterectomy and referent cohorts were only matched by age (±1 year) at 

index date during the sampling process, additional strategies were applied to limit the 

differences at baseline. In particular, the Kaplan-Meier curves and the Cox models were 

adjusted using inverse probability weights derived from a logistic regression model 

including 20 pre-existing chronic conditions, years of education (≤12, 13-16, >16, 

unknown), race (white vs. nonwhite), and age and calendar year at index date (continuous) 

(Supplemental Digital Content 3). Robust sandwich covariance estimates were used in the 

Cox models to account for women included in both cohorts (referent women with 

subsequent hysterectomy), and for the use of estimated weights. Absolute risks were derived 

from the adjusted Kaplan-Meier curves at 30 years, and differences between the two cohorts 

were measured using the absolute risk increase (ARI) or reduction (ARR), obtained by 

subtracting the two absolute risks.

Analyses were performed for all women combined, and stratified by age at hysterectomy 

(≤35, 36-50, and >50 years) and by surgical indication. The inverse probability weights were 

derived separately within each stratum to maximize the covariate balance. We performed 

two sets of sensitivity analyses to 1) exclude women with any of the 20 chronic conditions 

prior to the index date, and 2) to censor women at the time of subsequent unilateral or 

bilateral oophorectomy (both women with hysterectomy and referent women) or 

hysterectomy (referent women). Analyses were performed using the SAS version 9.4 

software package (SAS Institute, Inc., Cary, NC), and tests of statistical significance were 

conducted at the 2-tailed alpha level of 0.05.

RESULTS

Description of the hysterectomy and referent cohorts

Between 1980 and 2002, a total of 2,094 women underwent hysterectomy with ovarian 

conservation. A total of 529 women (25.3%) were age 35 or younger at the time of 

hysterectomy, and 271 women (12.9%) were older than 50 years. The median age at index 

date was 40 years (interquartile range 35 to 44). Indications for hysterectomy with ovarian 

conservation included uterine leiomyomas (n = 827, 39.5%), prolapse (n = 425, 20.3%), and 

menstrual disorders (n = 534, 25.5%; including menorrhagia and metrorrhagia). Other 

surgical indications comprised 14.7% (n = 308) of the cohort. Vaginal hysterectomy was 

performed in 1,709 women (81.6%).

The median length of follow-up was 22.5 years (interquartile range [IQR] 15.2-28.8) for 

women with hysterectomy, 21.3 years (IQR 13.7-28.6) for referent women, and 21.9 years 

(IQR 14.2-28.7) for both cohorts combined. The median density of medical contacts during 

follow-up was 7.3 per year (IQR 4.3-11.4) for the women with hysterectomy and 6.2 per 

year (IQR 3.6-9.9) for referent women (excluding contacts in the first 6 months after the 

index date). A total of 293 women (14.0%) died in the hysterectomy cohort and 306 (14.6%) 

in the referent cohort. The adjusted HR for all-cause mortality was 0.99 (95% CI 0.78-1.24; 

p=0.90).
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Conditions present at index date and adjustments

Women undergoing hysterectomy with ovarian conservation were more likely to have pre-

existing hyperlipidemia (odds ratio [OR] 1.50; 95% CI 1.11-2.02), obesity (OR 1.58; 95% 

CI 1.30-1.93), and a higher number of chronic conditions compared with referent women 

(OR 1.90; 95% CI 1.48-2.44, for having three or more of the 20 chronic conditions). Other 

CVD and metabolic conditions were similar between women with hysterectomy and referent 

women (data not shown). The two overall cohorts were not highly imbalanced on baseline 

characteristics before the adjustments using inverse probability weights (each standardized 

difference of means <25% of the SD), and the adjustments improved the balance 

successfully (each standardized difference of means <5% of the SD; Supplemental Digital 

Content 3). The range of the weights used in the overall analysis was reported in 

Supplemental Digital Content 3.

Overall analyses

Women who underwent hysterectomy with ovarian conservation were at higher risk of 

developing de novo cardiovascular and metabolic conditions compared with age-matched 

referent women (Table 1). We observed a significantly increased risk of hyperlipidemia 

(adjusted HR 1.14; 95% CI 1.05-1.25; ARI 3.8%), hypertension (adjusted HR 1.13; 95% CI 

1.03-1.25; ARI 6.5%), and obesity (adjusted HR 1.18; 95% CI 1.04-1.35; ARI 4.3%) (Table 

1). Moreover, the risks of cardiac arrhythmias (adjusted HR 1.17; 95% CI 1.05-1.32; ARI 

5.6%) and CAD (adjusted HR 1.33; 95% CI 1.12-1.58; ARI 6.4%) were significantly 

increased. The risk of CHF was decreased but did not reach statistical significance. The 

cumulative incidence of CVD appears to diverge between women with hysterectomy and 

referent women five to 15 years after the index date for several conditions, and after about 

20 years for CAD (Fig. 1).

Analyses stratified by age

Women who underwent hysterectomy with ovarian conservation at age ≤35 years had 

significantly increased risk of several CVD and metabolic outcomes compared with referent 

women (Table 2). There was a 4.6-fold increase in CHF (adjusted HR 4.59; 95% CI 

1.32-15.94; ARI 4.6%), a 2.5-fold increase in CAD (adjusted HR 2.49; 95% CI 1.39-4.47; 

ARI 6.1%), and a 1.4-fold increased risk for cardiac arrhythmias (adjusted HR 1.36; 95% CI 

1.00-1.84; ARI 10.1%). In this younger age stratum, the incidence of CVD started to diverge 

in women with hysterectomy compared to referent women 20 to 25 years after the index 

date, around the time of expected natural menopause. As expected, the divergence was 

delayed in these younger women compared to the overall sample (Fig. 2 compared to Fig. 

1).

Women who had hysterectomy with ovarian conservation between age 36 and 50 years had 

increased risks of hyperlipidemia, hypertension, obesity, cardiac arrhythmias, and CAD 

(Table 2). However, the risk of CHF was significantly decreased in this age group (adjusted 

HR 0.63; 95% CI 0.42-0.95; ARR 1.6%). Women who had hysterectomy after the age of 50 

years did not have any significantly increased risk of CVD and metabolic conditions (Table 

2).
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Analyses stratified by indication

In women who underwent hysterectomy with ovarian conservation for uterine leiomyomas, 

the risks of de novo hyperlipidemia and cardiac arrhythmias were increased compared with 

referent women (Table 3). In women who underwent hysterectomy for menstrual disorders, 

the risk of CAD was significantly increased (adjusted HR 1.81; 95% CI 1.21-2.72; ARI 

9.2%). The risk of hypertension was increased in both the leiomyomas and the menstrual 

disorders strata, but did not reach statistical significance. By contrast, in women who 

underwent hysterectomy for uterine prolapse, only the risk of de novo obesity was increased, 

whereas the risk of CHF was decreased (adjusted HR 0.59; 95% CI 0.38-0.92; ARR 4.9%; 

Table 3).

Sensitivity analyses

When women with any of the 20 pre-existing chronic conditions at the index date were 

excluded, the risks of hyperlipidemia, obesity, cardiac arrhythmias, and CAD were increased 

in the hysterectomy with ovarian conservation group (n = 1,204) compared with referent 

women (n = 1,433; Supplemental Digital Content 4). Results stratified by age were similar 

to the results in the full cohort, and some of the HRs observed in the younger age stratum 

were particularly sizeable (2.3-fold increased risk for CAD and 3.5-fold for CHF). 

Hysterectomy for leiomyomas was associated with a 1.4-fold increase in cardiac 

arrhythmias, and hysterectomy for menstrual disorders with a 2.2-fold increase in CAD 

(Supplemental Digital Content 4). Sensitivity analyses censoring women at the time of 

subsequent oophorectomy (both women with hysterectomy and referent women) or 

hysterectomy (referent women) showed results similar to the primary analyses (data not 

shown).

DISCUSSION

This study showed HRs of de novo CVD and metabolic outcomes ranging between 1.13 and 

1.33 for women who underwent hysterectomy even with conservation of both ovaries 

compared with referent women who did not have hysterectomy. The magnitude of the 

increase in CVD risk was similar after adjusting for 20 selected baseline chronic conditions, 

and after excluding women with previous CVD or metabolic conditions. For women age 35 

years and younger at the time of hysterectomy with both ovaries conserved, the HR was 1.36 

for cardiac arrhythmias, 2.49 for CAD, and 4.59 for CHF. The absolute risk increase was 

10.1% for cardiac arrhythmias, 6.1% for CAD. and 4.6% for CHF over a 22 year follow-up. 

Fortunately, the conditions that showed a stronger association with hysterectomy were 

relatively rare in this younger age group (absolute risk among referent women = 0.3% for 

CHF and 7.1% for CAD). In addition, the number of women who developed CHF was small 

(n=19), and further studies are needed to replicate this finding.

Comparison with other studies

Our findings are similar to the population-based findings of Ingelsson et al., who showed an 

18% increased risk of CVD after hysterectomy with ovarian conservation before age 50 

years.13 Unlike their study, we were able to adjust our analyses for baseline CVD and 

metabolic risk factors such as hypertension and obesity, which we found to be higher among 
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women undergoing hysterectomy. Yeh et al. also found an increase in CVD and stroke, but 

only for women <45 years at the time of surgery.14 However, the median follow-up time of 

seven years in that study may limit the comparability with our study.

Prior studies that compared women who underwent hysterectomy with bilateral 

oophorectomy to women who underwent hysterectomy with ovarian conservation elected to 

address a different question. They did not consider the risk of CVD outcomes due to 

hysterectomy alone.3,22 The Nurses’ Health Study (NHS) showed a 17% higher risk of 

coronary heart disease following hysterectomy with bilateral oophorectomy compared to 

women with hysterectomy and ovarian conservation.3 Our study demonstrates an additional 

33% higher risk of CAD with removal of the uterus alone compared to women with no 

surgery. Similarly, Gierach et al. found an increasing step-wise trend in mortality from 

coronary heart disease for women who had no gynecological surgery (reference), 

hysterectomy alone (21% increase), or hysterectomy with bilateral oophorectomy (56% 

increase), if surgery was done at age ≤35 years.23 The choice of the referent group 

determines the specific question addressed by a cohort study. It may be useful in future 

studies to consider multiple levels of gynecological surgery compared to no gynecological 

surgery (e.g., removal of only the uterus, uterus and one ovary, uterus and both ovaries, only 

one ovary, only two ovaries, only two tubes, etc.).

Possible interpretation of the findings

As for any observational study, we cannot exclude that the observed associations could be 

explained by some residual bias or some yet unknown confounding variables.24 To the 

extent possible, we have removed or controlled the possible biases and confounders. If we 

hypothesize that the absolute risk differences observed are completely attributable to 

hysterectomy, that all confounding effects and biases have been removed, and that women 

are followed for 30 years, we can estimate the number needed to harm (NNH; defined as the 

inverse of the ARI). In women who underwent hysterectomy at age ≤35 years, the NNH was 

10 for cardiac arrhythmias, 16 for CAD, and 22 for CHF (NNHs are not shown in tables).

There is growing evidence that hysterectomy with ovarian conservation increases the risk of 

future CVD, but the mechanisms remain unclear. To the best of our knowledge, the uterus 

does not produce any recognized endocrine factors that could directly impact the 

cardiovascular system. Therefore, the effects are probably mediated by the effects on the 

ovaries. One theory is that the loss of collateral blood flow to the ovaries caused by 

hysterectomy results in decreased ovarian reserve and its sequelae. Alternatively, the uterus 

itself could have a paracrine or endocrine effect on the ovaries.25 There is evidence that 

ovarian dysfunction is at least part of the mechanism because the symptoms of ovarian 

insufficiency may occur up to four years earlier in women who had hysterectomy with 

ovarian conservation.26 Also, Trabuco et al. demonstrated a significant reduction in 

antimüllerian hormone, a key marker of ovarian reserve, one year after hysterectomy with 

ovarian conservation.27

The risk of future CVD may be even higher if both patients and physicians assume that the 

ovarian function is sufficient following hysterectomy, and that hormone therapy is not 

required. Two studies have shown that women who had undergone hysterectomy with 
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ovarian conservation were equally or less likely to be using hormone therapy than women 

with bilateral oophorectomy or women without hysterectomy.28,29 We did not have complete 

information concerning the use of hormonal therapy after the index date. This information 

was not available electronically in the REP until 1998. However, for a subsample of 792 

women who underwent hysterectomy in 1998-2002, we were able to study hormone use. 

The overall hormone use following hysterectomy was infrequent; less than a quarter of 

women who underwent hysterectomy (22.8%) used estrogen alone or in combination with a 

progestogen compared with 12.6% of referent women (data not shown in tables). Therefore, 

the use of hormonal therapy was relatively low in Olmsted County even before the 

publication of the results from the Women’s Health Initiative clinical trials.30,31

The reasons why hysterectomy was associated with a significantly increased HR of CHF in 

the age ≤35 years stratum and with a significantly reduced HR of CHF in the 36 to 50 years 

stratum remain unclear. We can hypothesize that women in the 36 to 50 years stratum who 

were at high risk of CHF (e.g., long history of CAD or uncontrolled hypertension) were 

excluded from the surgery (confounding by pre-existing high-risk conditions).

Strengths and limitations

Our study design overcomes several of the limitations of prior studies. First, women were 

followed continuously both before and after the hysterectomy or index date. Therefore, there 

was no time gap between the hysterectomy and recruitment into the study (left censoring 

was minimized by design). Second, because the data collection was historical, women did 

not need to provide a study-specific informed consent but only a general research 

authorization (as per Minnesota legal requirements), thus minimizing non-participation 

(approximately 97% participation of women in the REP).18 Third, because women had been 

included in the REP for a median of 20.8 years (IQR 11.2-30.1) preceding the index date, 

this study better captures the CVD and metabolic conditions present at baseline.9,32 Fourth, 

all women had both ovaries conserved at baseline contrary to studies which included women 

with prior unilateral oophorectomy in the referent group.9,10,33–35

Fifth, we did not rely on the recall or the self-report of hysterectomy and oophorectomy. In a 

prior study of self-reported surgical data, 11% of women were misclassified as to their 

oophorectomy status.9 Finally, with more than 20 years of follow-up through the REP, we 

could detect more CVD events compared to two well-designed population-based studies of 

hysterectomy with ovarian conservation in which the follow-up was limited to ten or fewer 

years.13,14 As shown in Fig. 1 and 2, the length of follow-up is critical because hysterectomy 

occurs in relatively younger women, but CVD risk increases with age. The curves for CVD 

outcomes started to diverge only 10, 15, or 20 years after the hysterectomy.

Our study also has limitations. First, because the CVD and metabolic outcomes were 

detected through a passive follow-up system, we cannot exclude some difference in 

detection across the hysterectomy and referent cohorts (surveillance bias). However, the 

length of follow-up, the density of medical contacts, and the all-cause mortality were similar 

in the two cohorts. Second, in using the REP indexes to detect CVD and metabolic 

conditions before or after the index date, we may have missed some conditions that were not 

diagnosed. In addition, electronic indices may misclassify CVD or metabolic outcomes due 

Laughlin-Tommaso et al. Page 8

Menopause. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to incorrect coding during routine medical care; however, missing data and misclassified 

diagnoses should not be differential in the hysterectomy and referent cohorts. In addition, to 

address misclassified diagnoses, we required two diagnostic codes to confirm non-fatal CVD 

and metabolic conditions. Third, despite the median follow-up of 22 years for both cohorts 

combined, our cohorts are relatively young to study mortality. To date, a total of 293 women 

with hysterectomy and 306 referent women have died. We plan to continue to follow the two 

cohorts for future analyses of mortality effects.

Fourth, our electronic indices did not include lifestyle variables such as physical activity or 

smoking and income level which may be associated with hysterectomy. We were able to 

partly adjust for socioeconomic status by including years of education and race in our 

models; however, we cannot exclude some residual confounding effects. Fifth, because we 

tested a number of associations, and some of them may not be independent, some of the 

findings may represent type 1 errors. Therefore, our results will need replication in 

independent samples. Sixth, Olmsted County is predominantly comprised of white women 

of European descent, similar to the population of the Upper Midwest of the United States; 

however, hysterectomy rates vary by region, and there is no one area that represents the 

entire country.36 Finally, approximately 82% of the hysterectomies in our study were 

vaginal. This percent may be different in other parts of the country. However, there is no 

evidence that the type of surgery would influence the outcomes considered.

CONCLUSIONS

Hysterectomy with ovarian conservation is associated with a significantly increased risk of 

several CVD and metabolic conditions, even after adjusting for CVD and metabolic 

conditions diagnosed before hysterectomy, and for several additional possible confounders. 

If these associations are causal, they have both scientific and clinical implications. From a 

research perspective, we hypothesize that the increased risk could be mediated at least in 

part through impaired ovarian function secondary to the surgery. Therefore, further studies 

are needed to clarify the direct effects of hysterectomy on ovarian function and subsequent 

clinical outcomes. From a clinical perspective, uterine-preserving treatments for heavy 

menstrual bleeding and leiomyomas should be considered.37 In addition, for women who 

need to undergo a hysterectomy, hormonal treatment should be offered or clearly considered.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Cumulative incidence curves for cardiovascular and metabolic conditions in women who 

underwent hysterectomy with ovarian conservation compared with age-matched referent 

women (overall analyses). The curves were adjusted using inverse probability weights 

derived from a logistic regression model including all 20 chronic conditions present at 

baseline, years of education (≤12, 13-16, >16, unknown), race (white vs nonwhite), and age 

and calendar year at baseline (continuous). The number of women at risk varied across 

conditions because we excluded women with that specific condition on the index date. The 

hazard ratios (HRs) and corresponding 95% confidence intervals were calculated using Cox 

proportional hazards models with age as the time scale and adjusted using inverse 

probability weights. Note the different scales used for the y-axis to better show differences.
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Fig. 2. 
Cumulative incidence curves for cardiovascular and metabolic conditions in women who 

underwent hysterectomy with ovarian conservation at 35 years or younger compared with 

age-matched referent women (stratified analyses). The curves were adjusted using inverse 

probability weights derived from a logistic regression model restricted to this age stratum, 

and including all 20 chronic conditions present at baseline, years of education (≤12, 13-16, 

>16, unknown), race (white vs nonwhite), and age and calendar year at baseline 

(continuous). The number of women at risk varied across conditions because we excluded 

women with that specific condition on the index date. The hazard ratios (HRs) and 

corresponding 95% confidence intervals were calculated using Cox proportional hazards 

models with age as the time scale and adjusted using inverse probability weights. Note the 

different scales used for the y-axis to better show differences.
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