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Highlights
¢ In this study, hysterectomy, with or without oophorectomy, was associated with an increased
risk of hypertension.
e Endometriosis was associated with an increased risk of hypertension.
e A history of uterine fibroids was associated with an increased risk of hypertension.
e Associations between hypertension and non-malignant gynecological diseases were

independent of a history of hysterectomy.
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ABSTRACT

Obijectives

While it has been reported that women with uterine fibroids or endometriosis are commonly
overweight and hypertensive, the association between non-malignant gynecological diseases and the
risk of hypertension has been little studied prospectively. The aim of this study was to investigate in a
large French cohort of women whether a history of hysterectomy, uterine fibroids, or endometriosis

was prospectively related to an increased risk of incident hypertension.
Study design

We analyzed 50,286 women from the E3N cohort who were free of hypertension at baseline, with a

median follow-up of 16.4 years.
Main outcome measures

Gynecological diseases were based on self-report. Cox proportional hazards models with age as the
timescale were used to estimate hazard ratios (HRs) and 95% confidence intervals (Cls). Covariates

included smoking status, body mass index (BMI), physical activity, and hormonal factors.
Results

A total of 12,073 women (24%) developed hypertension during follow-up. Women with a history of
hysterectomy had an increased risk of incident hypertension, which persisted after adjustment for
potential confounding factors (adjusted HR=1.18, 95% CIl 1.12-1.24). Risk was similar in women
with hysterectomy with or without oophorectomy. Risk of hypertension was higher in women with a
history of endometriosis (HRendgometriosis 1.19, 95%CI 1.11-1.22) or uterine fibroids (HRfiproigs 1.18,
95%ClI 1.13-1.22), irrespective of hysterectomy. Associations were similar after further adjustment

for BMI.

Conclusions
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Hysterectomy and non-malignant gynecological diseases were associated with an increased risk of
hypertension in this large prospective study. Women with these conditions may benefit from blood

pressure monitoring.

ClinicalTrials.gov identifier: NCT03285230

Keywords: endometriosis, uterine fibroids, hypertension, hysterectomy, epidemiology

Introduction

Hypertension is the main risk factor for cardiovascular diseases (CVD), which are the primary cause
of death in women [1]. Recent epidemiological studies have shown that the proportion of deaths
attributable to CVD is higher in women (49%) than in men (40%) [1]. An increase in the incidence of
CVD has been observed in younger women (under 60 years old) due to the modernization of lifestyle
over the past decades [1, 2]. Better knowledge is therefore needed to fill the gender gap and improve
cardiovascular health in women [3].

Hypertension affects 26% of the world population with a steady increase in prevalence [4,5]. It is
often silent, ‘underdiagnosed, and undertreated, especially in women [5, 6]. Hypertension is more
frequent in women after menopause than in men [4] and has a more deleterious impact on the risk of
cardiovascular events in women as compared to men [7, 8]. Identification of risk factors for
hypertension is therefore crucial to early diagnose and manage hypertension in order to prevent its
cardiovascular complications [3]. Several female-specific risk factors for hypertension have been
identified, including preeclampsia and use of oral contraceptives [3]. Other factors such as
hysterectomy or non-malignant gynecological disease could also be associated with the risk of

hypertension but results from previous studies are unclear [9-15].
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Hysterectomy is one of the most common gynecological procedures and is most often performed in
case of non-malignant diseases such as fibroma or endometriosis [16, 17]. Women undergoing this
surgery may experience metabolic changes by losing the protective effect of estrogens on
cardiovascular health [18, 19]. An association between hysterectomy, with or without oophorectomy,
and hypertension and cardiovascular risk has been reported in previous studies [9-12], but results are
inconsistent. Risk of hypertension was increased after hysterectomy in some studies [9, 11, 12] but
not in all studies [10]. Most of these studies were based on small population without prospective
follow-up and did not analyze major potential confounding such as body mass index (BMI), often

increased in women with hysterectomy [11], and use of hormone replacement therapy (HRT).

Similarly, associations between non-malignant gynecological conditions, such as endometriosis and
fibroids, and the risk of hypertension are unclear, and the confounding or mediating effects by other
risk factors or by hysterectomy, frequent treatment of these diseases, are still unknown [11, 13-15, 20-
23]. Additional large cohort studies are warranted to confirm the association between these conditions
and the risk of incident hypertension.

This study aimed to prospectively assess the association between hysterectomy, non-malignant
gynecological diseases (uterine fibroids and endometriosis), and the risk of incident hypertension in a

large prospective cohort of French women.

1. Materials and Methods
1.1.The E3N cohort

The E3N study (Etude Epidémiologique de Femmes de la Mutuelle Générale de 1’Education
Nationale) is a French prospective cohort started in 1990. The study included 98,995 women aged 40-
65 years at baseline and insured by a health insurance plan for workers in the National Education
System and their families [24]. Participants have completed self-administered questionnaires with a
mean response rate of 83% and total loss to follow-up since 1990 of less than 3%. Questionnaires

were completed every 2 to 3 years (1990, 1992, 1993, 1995, 1997, 2000, 2002, 2005, and 2008). A
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drug reimbursement claims database has also been available since 2004. All women provided written
informed consent and the study was approved by the French National Commission for Data Protection

and Individual Freedom.
1.2.Population for analysis and follow-up

Follow-up started at the date of return of the second questionnaire (1992) from which first information
on hysterectomy and non-malignant gynecological diseases was obtained. Participants contributed
person-years of follow-up until the date of diagnosis of hypertension, the date of the last completed
guestionnaire, or the date at which the last E3N questionnaire used for this study was sent to

participants (June 25, 2008), whichever occurred first.

Among the 98,995 women from the cohort, we excluded those with no response to the second
questionnaire and no information on gynecological history (n=12,831), no follow-up data (n=1852),
prevalent hypertension at baseline (n=31,177), prevalent cancer at baseline (n=2796), or missing

information on age at hysterectomy (n=53), resulting in an analysis sample of 50,286 women.
1.3.Hypertension assessment

Participants were asked to report in each questionnaire the presence of hypertension, date of
diagnosis, and the use of antihypertensive treatment. The month and year of diagnosis were provided
in most cases (69%). For individuals for whom the month of diagnosis was missing (14% of cases), it
was imputed to June of the year of diagnosis. For cases with no year of diagnosis (17%), the diagnosis
date of hypertension was set at the middle of the questionnaire cycle during which incident
hypertension was first reported. Most cohort participants (98%) were active members of the health
insurance plan, which provided us with a drug-reimbursement database starting in January 2004. For
cases identified after 2004, we used either the self-reported date of diagnosis or the first date of drug
reimbursement for antihypertensive medications [diuretics, beta-blockers, calcium antagonists, and
angiotensin-converting enzyme inhibitors (Anatomical Therapeutic Chemical Classification System

codes C02, C03, C07, C08, and C09, respectively)] regardless of the first date of diagnosis.
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We assessed the validity of self-reported hypertension in the E3N cohort using information on the
health insurance plan drug-claims database. In women who were alive in January 2004 and up to their
response to the last questionnaire in 2008, we observed a positive predictive value of 82% of self-
reported hypertension compared with self-report to a drug reimbursement corresponding to any of the

previously specified codes.
1.4. Assessment of hysterectomy and benign gynecological diseases

Starting from the 1992 questionnaire, hysterectomy and oophorectomy status (none, or uni- or
bilateral), and age at surgery were self-reported in each follow-up questionnaire. Endometriosis and
uterine fibroids were self-reported in each questionnaire as for surgical treatments for these diseases.
For all diseases, additional information on diagnostic procedures such as laparoscopy, biopsy,
hysterography, hysteroscopy, or ultrasonography were recorded in the second (1992), third (1993) and
forth (1994) questionnaires. For each gynecological disease, we considered separately those treated by
surgery or laparoscopy, those with at least one treatment or non-surgical diagnostic procedure, and
self-reported diseases without confirmation of surgery. Moreover, a validation study of endometriosis
cases was performed by sending a specific questionnaire to 200 randomly selected women who self-
reported surgical treatment or diagnosis of endometriosis and hospitalization reports. Among the 183
women who replied (92%), 75% (137 of 183) were confirmed, and the date of diagnosis was correctly

reported in 82% of the validated cases (112 of 137) [25].

1.5. Assessment of covariates

Information on age at menarche, physical activity (metabolic equivalent of tasks [METSs]-hr/week),
use of intrauterine devices, and number of pregnancies was based on self-reports from the baseline
guestionnaire. Use of oral contraceptives, menopausal hormone therapy (MHT), and smoking status
were updated at each questionnaire and considered in the analyses as time-dependent variables. For
diabetes, we used self-reports, supplementary questionnaires, and the drug-reimbursement database
[26]. Self-reported height and weight were used to calculate body mass index (BMI) in kg/m?. In the

cohort, self-reported anthropometry has proven reliable in a validation study [27]. Habitual intakes of
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alcohol and mean daily consumption of fruit and vegetables were estimated from the 1993 dietary
questionnaire, as previously described [28]. Menopausal status and age at menopause were
determined from regularly updated information on menstrual periods, MHT use, self-reported

menopausal status, and menopausal symptoms, as detailed elsewhere [29].
1.6.Statistical analyses

Baseline characteristics of the study population were described according to medical history of
hysterectomy and gynecological diseases. Cox proportional hazards regression models with age as the
timescale were used to estimate Hazard Ratios (HRs) and 95% Confidence Intervals (ClIs) of incident
hypertension associated with a history of hysterectomy or gynecological disease. Women diagnosed
with cancer up to 18 months after hysterectomy were censored at the date of cancer diagnosis in order

to consider only non-malignant indications of hysterectomy.

When studying gynecological diseases (medically or surgically confirmed), women who only reported
diagnosis but did not provide information on diagnostic procedure or surgical treatments were
censored at the report of clinical diagnosis in order to consider only women who detailed information
on non-malignant gynecological diseases. Hysterectomy status and non-malignant gynecological
disease were analyzed as time-dependent variables. When the variables were not available at a given
questionnaire, the preceding value was considered until the next known value. The proportional
hazards hypothesis was verified for all time-independent variables of interest using log-log survivor
plots. Models were univariable and then further adjusted for a list of established hypertension risk

factors or variables leading to potential confounding (detailed in Tables 2 and 3).

Potential interaction between hysterectomy, and previous history of endometriosis or fibroids was
considered by including the cross term between the variables in the model. The risk of hypertension
was then assessed by considering: no hysterectomy and no history of endometriosis (as reference),
hysterectomy and no history of endometriosis, and finally hysterectomy and history of endometriosis.

Fibroids history was considered similarly.
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BMI was evaluated as a potential effect modifier by adding an interaction term in the final model and
testing its statistical significance. Additional analysis was performed by considering age at
hysterectomy and involved ranking the hysterectomy variable as: no hysterectomy, hysterectomy <
age 40, age 40 <= hysterectomy < age 50, hysterectomy >= age 50. Sensitivity analysis with further
adjustment for alcohol consumption and fruit and vegetable intake was performed in 40,721 women

free of hypertension who responded to the 1993 dietary questionnaire.

Robustness to unmeasured confounding in the multivariable Cox regression model for analysis of
association between hysterectomy, history of endometriosis or fibroids and the risk of hypertension

was quantified by an E value for effect estimate and 95% CI [30].

All tests were two-sided, and statistical significance (P-value) was set at the 0.05 level. All analyses
were performed using the Statistical Analysis Systems (SAS) software, version 9.4 (SAS Institute,

Inc, Cary, North Carolina).

2. Results

Mean age of women at the beginning of follow-up was 50.0 + 6.2 years. Among 50,286 women
considered in the study, 12,073 cases of hypertension were diagnosed during 669,947 person-years
(PY) of observation (median follow-up duration of 8.8 [4.3-12] years for cases and 16.3 [14.9-16.4]
years for non-cases) at a rate of 18.0 cases per 1000 PY. Mean age at the diagnosis of hypertension
was 59.5 +/-7.9 years. As shown in Table 1, women with a history of hysterectomy were more likely
to have a younger age at menopause and to use MHT as compared with those without hysterectomy.
The same was found in women with a history of fibroids or endometriosis as compared with those

without these conditions (supplementary Table 1 and 2).
2.1.Hysterectomy, oophorectomy, and risk of hypertension

During the study period, 8511 women reported having a hysterectomy (including 5042 women at
baseline), at a mean age of 48.3 £ 8.2 years. Women with a history of hysterectomy had an increased

risk of incident hypertension (HR=1.18, 95%CI 1.12 -1.24), as compared with women without



Journal Pre-proof

hysterectomy after adjustment for smoking, physical activity, diabetes, and reproductive factors
including use of hormonal treatments and age at menopause (Table 2). Associations were similar
although slightly attenuated after additional adjustment for BMI (HR = 1.13, 95%CI 1.08-1.19). The
absolute risk of hypertension was 20 per 1000 person-years in women with hysterectomy versus 17

per 1000 person years in women without hysterectomy.

The risk of hypertension increased with decreasing age at hysterectomy (HR=1.28, 95%CI 1.13-1.45
under 40 years and HR=1.12, 95%CI 1.03-1.22 over 50 years, p trend <0.001). When considering
types of surgery, risks were similar in women with hysterectomy with or without oophorectomy, and
whether the latter was uni- or bilateral (supplementary Table 3). There was no association between
oophorectomy alone and risk of hypertension (Table 2). Further adjustment for dietary components
did not change the results (data not shown). The association between a history of hysterectomy or
oophorectomy and incident hypertension was not modified by BMI (p interaction = 0.90 and 0.38,

respectively) and was observed in all corresponding strata.
2.2.Non-malignant gynecological diseases and hypertension

During the study period, 3581 worrien reported endometriosis, and 14,866 uterine fibroids. The risk of
hypertension increased in case of history of endometriosis (HR 1.19, 95%CI 1.11-1.22) or uterine
fibroids (HR 1.18, 95%CIl 1.13-1.22) (Table 3), and associations were similar for all modes of

diagnosis.

No interaction was found between hysterectomy, and previous history of endometriosis or fibroids.
Compared to women with no hysterectomy or history of non-malignant gynecological diseases, the
highest risk was for women with both hysterectomy and either history of endometriosis or fibroids
(adjusted HR 1.24, 95%Cl 1.11-1.38 and 1.18, 95%CI 1.12-1.25, respectively, Table 4). Further

adjustment for dietary intake did not change the results (data not shown).

10
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The association between a history of endometriosis or fibroids and incident hypertension was not
modified by BMI (p interaction = 0.92 and 0.87, respectively) and was consistent in all corresponding

strata.

The approximate E value for unmeasured confounding for the point estimate and for the lower limit of
95% CI for analysis of association between hysterectomy, history of endometriosis or fibroids and the

risk of hypertension are presented in supplementary Table 4.

3. Discussion
In this large prospective cohort study, we found a positive association between a history of
hysterectomy, with or without oophorectomy, and risk of incident hypertension, after adjustment for
body mass index, diabetes, smoking status, physical activity and hormonal and reproductive factors
including use of MHT and age at menopause. We also observed an association between a history of

fibroid or endometriosis and the risk of hypertension, including in the absence of hysterectomy.
3.1.Hysterectomy

Previous studies of the link between hysterectomy and the subsequent risk of hypertension are
inconsistent. A positive association was found in some studies [9, 12, 31] but not all [10, 11]. It is still
unclear whether the increased risks of hypertension and CVD is due to the effects of hysterectomy or
to the effects of baseline adverse characteristics of treated women [32]. Obesity was notably described
as a likely explanation of the association between hysterectomy and hypertension, as women who
undergo hysterectomy are more likely to be obese or have pre-existing risk factors [11, 33]. However,
in most studies, detailed BMI or lifestyle factors were not assessed while it was the case in our study.
In this study, adjustment for diabetes, BMI and lifestyle factors only attenuated the association

between hysterectomy and hypertension suggesting an independent association.

When considering type of gynecological surgery, we found that hysterectomy with or without
oophorectomy was associated with hypertension risk. Oophorectomy in case of hysterectomy did not
provide additional risk and oophorectomy alone was not associated with increased risk of

hypertension. Some studies have reported that hysterectomy even without oophorectomy was

11
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associated with an increased risk of hypertension and CVD in women [31, 34], notably in younger
ones. Bilateral oophorectomy was also found in several studies to be associated with increased risks
of CVD and mortality in women below 50 [35-37]. However, this increased risk was found in women
who had never used estrogen therapy but not in treated women [35, 37]. This may explain why
oophorectomy was not associated with an increased risk of hypertension in our study, since analyses
were adjusted for the use of MHT. Moreover, the association of hypertension with bilateral
oophorectomy is mainly seen in younger ages (38) and in our cohort, early menopause percentages
were relatively low. This may offer a possible explanation on the absence of an association in our
study.

The mechanisms involved in the association between hysterectomy and hypertension and
cardiovascular risk remain unclear. One of the main hypotheses is that hysterectomy may cause
premature ovarian failure and subsequent hormonal effects due to oophorectomy, or disruption of
ovarian circulationin case of hysterectomy alone [9, 31]. This explanation is supported by the fact that
the risk is found to be higher in younger women and in women with no hormonal treatment. The
association between hysterectomy and hypertension could also be partly due to the indication itself of
hysterectomy. As discussed further, different mechanisms could explain association between non-

malignant gynecological diseases and hypertension.

3.2.Non-malignant gynecological diseases

Women who reported having been diagnosed with endometriosis or fibroids had an increased risk of
hypertension after adjustment for multiple risk factors, including menopausal hormonal treatment.
Only one previous prospective study has assessed the association between endometriosis and
hypertension [13]. In this large cohort study involving 116,430 nurses, women with laparoscopically-
confirmed endometriosis had an increased risk of hypercholesterolemia and hypertension compared
with women without endometriosis (adjusted HR 1.14, 95%CI 1.09-1.18). In another study performed

on the same sample, endometriosis was linked to a higher risk of coronary heart disease (CHD) [39].

12
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A small number of studies have evaluated the association between fibroids and hypertension with
conflicting results. Some studies have reported that a history of fibroids was associated with
hypertension and atherosclerosis, in line with our results [14, 15, 23]. In a Dutch cross-sectional
study, women with surgically-treated fibroids had a higher hypertension prevalence compared with
controls, independently from age and BMI [14]. In another study, the same investigators found that
these women had more asymptomatic organ damage due to hypertension, particularly among young
women [15]. In a cohort of 972 women aged 35-49, presence of fibroids was found to be associated
with most cardiovascular risk factors including hypertension, but not with subclinical CVD [40].
Finally, in another study, investigators found no significant association of the fibroid indication for

hysterectomy with hypertension or CVD conditions [11].

Several factors have been suggested to explain the association between non-malignant gynecological
diseases and hypertension. Common physiological pathways could be involved. It has been found in
prospective cohort studies that patients with higher plasma levels of inflammatory response proteins
were at higher risk for hypertension [41,42]. As a result, the chronic systemic inflammation
associated with endometriosis may predispose women with this disease to a higher risk of
hypertension. Insulin resistance can also be involved as a common pathway between uterine fibroids
and hypertension as hyperinsulinemia may elevate fibroid risk by stimulating uterine leiomyomata
cell growth (14, 15, 23). Other mechanisms may also be involved. Hysterectomy is one of the
treatments of endometriosis and fibroids. The association between endometriosis or fibroids and
hypertension could therefore be mediated by hysterectomy / oophorectomy and earlier age at these
surgeries [13, 37, 43] and greater use of MHT with a longer duration. However, in our study women
with a history of endometriosis or fibroids without hysterectomy also had a higher risk of

hypertension and analyses were adjusted for hormonal treatment and age at menopause.
3.3.Strengths and limitations

Strengths of our study include its prospective design, large sample size, long follow-up with little loss

to follow-up and availability of data for most risk factors. Thus, unlike some previous studies, we

13
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were able to control for body mass index, hormonal treatment, and hysterectomy. Exposure data were
collected before diagnosis of hypertension, avoiding potential recall biases. In addition, the
prospective design and high rate of follow-up of our study (3.8% lost to follow-up) minimized the
possibility of recall bias or bias due to loss of follow-up. Our study has also limitations. We relied on
self-reported diagnosis, and prescription of anti-hypertensive drugs for the identification of
hypertension cases. We observed a strong positive predictive value of 82% for self-reported cases
with drug reimbursements, but we could not identify undiagnosed cases. However, these cases should
be randomly distributed and would tend to attenuate associations. This cohort is probably not strictly
representative of the French population, as educated participants are probably overrepresented. This is
usually associated with less hypertension which would consequently tend to attenuate the association.
However, incidence of hypertension in our population was similar to the one described in the French
population and other countries [4, 5, 44]. As in any observational study, residual confounding may
subsist, for example from hypertensive pregnancy disorders, for which data are not available in our
study. However, risk of hypertension related to history of hypertensive disorders of pregnancy
disorders tend to attenuate with age and is maximal in the first years after pregnancy [45]. As the
mean age at inclusion in our population was 50.0 + 6.2 years and the mean age at the diagnosis of
hypertension was 59.5 +/- 7.9 years, it could be speculated that most women who developed post-
pregnancy hypertension had prevalent hypertension and were excluded from analysis. Using the E-
values, we found that an unmeasured confounder needs to be associated with both hysterectomy or
non-malignant gynecological diseases and hypertension by a risk ratio of roughly 1.5 to explain away
the association, which we believe is unlikely as analyses were adjusted for known major risk factors.
Misclassification of exposure status is a potential limitation because of the self-reported assessment of
surgery, non-malignant gynecological diseases and hypertension. However, when we restricted the
analysis to the treated cases, the associations remained consistent. Moreover, a validation study was
conducted in the E3N cohort for endometriosis cases [26]. We could not identify undiagnosed cases,
that we expect would be randomly distributed and would tend to attenuate associations. Finally, we

cannot exclude a potential detection bias where a diagnosis of hypertension would be more likely to

14
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be made among women with hysterectomy or non-malignant gynecological diseases, because of the
medical attention received, as compared with those without the conditions.

4. Conclusions

In this large prospective cohort study, women with a history of non-malignant gynecological
pathology (hysterectomy, uterine fibroids, or endometriosis) had an increased risk of developing
incident hypertension. These findings suggest that women with non-malignant gynecological
conditions should be offered surveillance and screening of hypertension for earlier identification and
management as hypertension is still underdiagnosed. Increased knowledge and awareness of female
specificities in cardiovascular risk is needed to improve women'’s health as CVD is the major cause of

death in women.
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Table 1. Baseline participant characteristics according to hysterectomy status
(n=50 286).

No hysterectomy Hysterectomy

Covariates: n (%) or mean £SD (n=45244) (n=5042)
Age at inclusion (years) 49.7 £ 6.1 53.1 £6.2
Smoking status

Never 23197 (51.3) 2838 (56.3)

Past 6819 (15.1) 624 (12.4)

Current 15228 (33.7) 1580 (31.3)
History of diabetes 226 (0.5) 37 (0.7)
Body mass index (kg/m?2) 22.2 £ 2.8 22.8 £ 3.0
Physical activity (METs-h/w) 44.2 £ 27.4 46.1 £ 29.2
Family history of hypertension 12170 (26.9) 1326 (26.3)
Level of education

No High school 4717 (10.4) 830 (16.5)

High school 22802 (50.4) 2713 (53.8)

University 17725 (39.2) 1499 (29.7)
Age at menarche (years)

<13 20098 (44.4) 2438 (48.4)

> 13 25146 (55.6) 2604 (51.6)
Use of oral contraceptives

Never 15109 (33.4) 2701 (53.6)

Ever 30135 (66.6) 2341 (46.4)
Use of intrauterine device

Never 24033 (53.1) 3641 (72.2)

Ever 21211 (46.9) 1401 (27.8)
Number of pregnancies

0 3994 (8.8) 594 (11.8)

1-2 20713 (45.8) 2256 (44.7)

3-4 16874 (37.3) 1759 (34.9)

>5 3663 (8.1) 433 (8.6)
Menopausal status and age at menopause

Premenopausal 28180 (62.3) 1334 (26.5)

Postmenopausal before 45 years 1317 (2.9) 1010 (20.0)

Postmenopausal between 45 and 52 years 12508 (27.6) 2375 (47.1)
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No hysterectomy Hysterectomy

Covariates: n (%) or mean £SD (n=45244) (n=5042)
Postmenopausal after 52 years 3239 (7.2) 323 (6.4)
Use of menopausal hormone therapy
Never 37246 (82.3) 3062 (60.7)
Ever 7998 (17.7) 1980 (39.3)
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Table 2. Hazard ratios (HRs) and 95% confidence intervals (95% CIs) for

incident hypertension according to medical history of hysterectomy.

M1 M2 M3
Number Number Person-
of non- of cases Years HR -value HR [95% value . HR -value
cases [959% c1] P CI] [95% ci1] P
(%) 0
Hysterectomy
(HT)
31828 9947 575 398
Never (83.3) (82.4) Reference Reference Reference
94 549 1.19 1.12
6385 2126 1.18
Ever [1.13; <0.0001 ) <0.0001 [1.06; <0.0001
(16.7) (17.6) 1.24] [1.11;1.24] 117]
Surgical
intervention*
No 30167 9483 551 467
intervention (79.2) (78.9) Reference Reference Reference
1.20 ] 1.13
HT alone %3573)’ (3‘;(; 61920 = [1.13; <0.0001 19 [iég] <0000  [L.06; 0.0003
- ' 1.28] ' 1.20]
48 522 1.17 . 1.14
ooHrI)?enc?om ?;”*; %915; [1.09; <0.0001 1/ [igg] <0.000  [L.07; 0.0001
P y ' ' 1.25] ' 1.22]
6 126 1.06 ) 1.05
aloagphorecmmy %202% (g‘;()) [0.96: 02726 O [232] 0.2880 [0.96; 0.2936
: ' 1.16] ' 1.16]
Age at HT
(years)
31828 9947 575 398
No HT (83.3) (82.4) Reference Reference Reference
12 050 1.30 ] 1.18
<40 (fdf)' éi? [1.16; <0.0001 1.28 [1121 0.0001 [1.05; 0.0079
' ' 1.46] ' 1.34]
74 931 1.19 . 1.14
[40-50] ?gg (11554; [1.12; <0.0001 1.19 [iéé] <0.0001 [1.08; <0.0001
' ' 1.26] ' 1.22]
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M1 M2 M3
Number Number Person-
ofnon- ¢ ases  Years HR value TRIBS% e R -value
cases ' o [959% c1] P cy P [95% ci1] P
(%)
7568 1.12 _ 1.09
>50 %2622); (588(.)) [1.03; 0.0061 112 [iggj 0.0067 [1.00; 0.0472
' ' 1.22] ' 1.19]
p-trend <0.0001 <0.0001 <0.0001

BMI: Body mass index, HT= hysterectomy
*Missing data on age of oophorectomy in 157 women (0.003%), ending up with 50 129 women for analysis
M1: Model adjusted for age (timescale)

M2: M1 further adjusted for smoking status (nonsmoker, former smoker, or current smoker; time dependent),
level of recreational physical activity (metabolic equivalent task—hours per week, as tertiles), history of diabetes
(nolyes, time dependent), family history of hypertension (yes/no), education level (no high school, high school,
university), age at menarche (<13 years/>13 years), menopausal status and age at menopause (no
menopause/menopause before 45 years/menopause between 45 and 52 years/menopause after 52 years, time
dependent), menopausal hormone therapy use (ever/never; time dependent), use of oral contraceptives
(ever/never; time dependent), use of intrauterine device (ever/never), and number of pregnancies (0 /1 or 2/ 3
or >4 pregnancies).

M3: M2 further adjusted for BMI (continuous, time dependent)
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Table 3. Hazard ratios (HRs) and 95% confidence intervals (95% CIs) for
incident hypertension according to non-malignant gynecological diseases.

M1 M2 M3
Number
of non- I:)I:(r:r;ls)eesr HR valye . HR value . R -value
cases© 15 [95% ClIJ P [95% c1] P [95% c1] P
(%) °
History of
endometriosis
Never 35496 11209 Reference Reference Reference
(92.9)  (92.8)
1.20 119 1.14
. Soer't';d %;15 (362‘; [1.12; <0.0001  [L.11: <0.0001  [L.07; <0.0001
P ' ' 1.29] 1.22] 1.23]
. 1.21 1.19 1.15
Cor':?ﬁ‘:r:‘;?j"y %gf)‘ (gg(g [1.13; <0.0001  [L.11; <0.0001  [L.07; <0.0001
' ' 1.30] 1.29] 1.23]
. 1.21 1.19 1.14
Corsni‘i:f’r:gg"y g:’g (SZ;; [111; 00001  [L10; <0.0001  [1.06; 0.0002
' ' 1.31] 1.29] 1.23]
History of
fibroids
Never %?3623; (sg%‘;' Reference Reference Reference
1.18 1.18 1.13
. s;er't'; | %21555 (g’g%‘; [1.14; <0.0001  [L1.13; <0.0001  [L.08; <0.0001
P ' ' 1.23] 1.22] 1.17]
. 1.19 1.19 1.13
Cor':?i??T:ZZ"y (g’g‘g (2’71525; [L15; <0.0001  [L.14; <0.0001  [L.09; <0.0001
' ' 1.24] 1.24] 1.18]
. 1.22 1.21 1.15
Cofﬁﬁ:gg"y (i’g%‘; (2233; [1.16; <0.0001  [L1.15; <0.0001  [1.09; <0.0001
' ' 1.28] 1.25] 1.20]
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M1 M2 M3
Number
of non- I:: (r:r;ts)gsr -value H -value HR -value
cases [95% C1] P [959% c1] P [95% ci1] P
(%) (%)

BMI: Body mass index, HT= hysterectomy
M1: Model adjusted for age (timescale)

M2: M1 further adjusted for smoking status (nonsmoker, former smoker, or current smoker; time
dependent), level of recreational physical activity (metabolic equivalent task—hours per week, as
tertiles), history of diabetes (no/yes, time dependant), family history of hypertension (yes/no),
education level (no high school, high school, university), age at menarche (<13 years/>13 years),
menopausal status and age at menopause (no menopause/menopause before 45 years/menopause
between 45 and 52 years/menopause after 52 years, time dependent), menopausal hormone
therapy use (ever/never; time dependent), use of oral contraceptives (ever/never; time dependent),
use of intrauterine device (ever/never), and number of pregnancies (0/ 1 or 2/ 3 or >4
pregnancies).

M3: M2 further adjusted for BMI (continuous, time dependent)
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Table 4. Hazard ratios (HRs) and 95% confidence intervals (95% ClIs) for

incident hypertension according to non-malignant gynecological diseases and

history of hysterectomy.

M1 M2 M3
Number Number HR HR HR
ofnon-  of g5 [95% [95% P
cases cases c1] value c1] value c1] value
(%) (%)
HT and
endometriosis
history*
No HT gnq no 30130 9430 Reference Reference Reference
endometriosis (78.9)  (78.1)
' 1.18 1.18 1.12
T without (152%‘; (111773 [1.12; <0.0001  [1.12; <0.0001  [1.07; <0.0001
- ' 1.24] 1.24] 1.18]
o 1.20 1.19 1.17
Endometriosis 1698 517014 09; <0.0001  [1.09; 0.0001  [1.07; 0.0007
without HT (4.4) (4.3) 1.31] 1.30] 1.27]
N 1.29 1.27 1.24
Endometriosis 1019 347 "q 16; <0.0001  [1.14; <0.0001  [1.11; 0.0001
with HT (2.7) (2.9) 1.43] 1.42] 1.38]
HT and
fibroids
history*
NoHT andno 25457 8043
fbroids (66.6)  (66.6) "oorenee reference rererence
_ 1.11 1.10 1.06
_ HT without D06 4% 11.00; 00475  [1.00; 00592  [0.96; 0.2368
fibroids 33) G4 7420 1.22] 1.17]
o 1.14 1.14 1.13
Fibroids o371 190% 14 00; <0.0001  [1.08; <0.0001  [1.07; <0.0001
without HT (16.7)  (15.8) 1.20] 1.20] 1.18]
o 1.24 1.24 1.18
Fibroids with - 4979 171214 1g. <0.0001  [1.17; <0.0001  [1.12; <0.0001
HT (12.8) (14.2) 1.31] 1.30] 1.25]
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M1 M2 M3
mber tumber yg e
cases cases [950/0 vaplue [950/0 vaplue [950/0 vaplue
CI] CI] CI]

(%) (%)

*Endometriosis and fibroids history were self-reported
BMI: Body mass index, HT= hysterectomy

M1: Model adjusted for age (timescale)

M2: M1 further adjusted for smoking status (nonsmoker, former smoker, or current smoker; time
dependent), level of recreational physical activity (metabolic equivalent task—hours per week, as
tertiles), history of diabetes (no/yes, time dependant), family history of hypertension (yes/no),
education level (no high school, high school, university), age at menarche (<13 years/>13 years),
menopausal status and age at menopause (no menopause/menopause before 45 years/menopause
between 45 and 52 years/menopause after 52 years, time dependent), menopausal hormone
therapy use (ever/never; time dependent), use of oral contraceptives (ever/never; time dependent),
use of intrauterine device (ever/never), and number of pregnancies (0/ 1 or 2/ 3 or = 4
pregnancies).

M3: M2 further adjusted for BMI (continuous, time dependent)
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