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Introduction

A growing number of women undergo premenopausal risk-reducing salpingo-
oophorectomy (RRSO) because of familial risk of ovarian cancer. While RRSO leads to
a substantial decrease of ovarian cancer risk, potential adverse effects of the associated
earlier age at menopause remain largely unknown. This thesis aims to provide clarity
about the long-term health effects of a premenopausal RRSO, to be able to better
inform women and health care providers dealing with this impactful intervention.
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Figure 1. Lifetime risk of ovarian cancer in BRCA1/2 germline pathogenic variant carriers.’

Premenopausal risk-reducing salpingo-oophorectomy (RRSO)

Women at high familial risk of breast and ovarian cancer, including BRCA1/2 germline
pathogenic variant (GPV) carriers, are recommended to undergo risk-reducing
salpingo-oophorectomy (RRSO) to prevent ovarian cancer. Female BRCA1 and BRCA2
GPV carriers have lifetime risks of ovarian cancer of 44% and 17%, respectively (see
Figure 1).' In the past women were advised to undergo 3-monthly transvaginal
ultrasound and serum cancer antigen 125 (CA-125) screening to detect ovarian cancer
early. However, studies have shown that screening for ovarian cancer is not effective,
neither for hereditary nor for sporadic ovarian cancer. >* Because of this difficulty
to screen for ovarian cancer and diagnose the disease early, 60-70% of the women
with ovarian cancer are being diagnosed with stage I11/IV disease, leading to a poor
overall 5-year survival of around 50%.4° Therefore, a change of the guidelines in 2007
recommends women at high familial risk for ovarian cancer to undergo RRSO after
completion of child bearing, preferably at ages 35 to 40 years for BRCA1 GPV carriers
and at ages 40 to 45 years for BRCA2 GPV carriers. ” This has led to an uptake of
81-99% of premenopausal RRSO (before the age of 45) in female BRCA1/2 GPV in the
Netherlands resulting in a subsequent reduction of ovarian cancer risk. ** Figure 2
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illustrates the increasing prevalence of premenopausal RRSO (<45 years) over time in
women participating in the Hereditary Breast and Ovarian cancer study Netherlands
(HEBON study): a Dutch cohort of women at high familial risk of breast and/or
ovarian cancer recruited from all genetic testing centers in the Netherlands (eight
Dutch University Medical Centers and the Netherlands Cancer Institute. > Although
RRSO performed at the recommended age is very effective in preventing ovarian
cancer, it also leads to early surgical menopause, which can have a large impact on
the life of these women.
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Figure 2. Prevalence of RRSO <45 years in participants of HEBON who turned 46 in a specific year.

Early menopause

In high income countries median age at menopause is between 50 and 52 years and
approximately 9.7% of the women in these countries experience early menopause,
defined as menopause before the age of 45." Early natural menopause (menopause
<45 years) is caused by decreasing endogenous estrogen production by the ovaries.
However, specific groups of women experience an early iatrogenic menopause
caused by chemotherapeutic agents, radiation treatment to the ovaries or bilateral
oophorectomy. Early menopause has been associated with a wide variety of sequelae
caused by short-term and long-term effects of estrogen deficiency. Menopausal
symptoms are diverse and may consist of mood changes, vasomotor symptoms
and urological, gynecological and sexual functioning changes that affect quality of
life. Long-term effects attributed to early menopause include urogenital problems,
osteoporosis, accelerated cognitive impairment, increased cardiovascular disease
(CVD) risk and even premature mortality (see Figure 3). 4%
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Figure 3. Short-term and long-term effects of early natural menopause.

Early natural menopause versus surgical menopause

Results from studies investigating the effects of early menopause are not always
consistent and the interpretation is still subject to debate. It is important to consider
that the literature predominantly concerns studies on early natural menopause. It
is important to note that the mechanism of estrogen deficiency due to early natural
menopause and surgical menopause may be different. Women undergoing early
natural menopause, such as premature ovarian insufficiency (POI, natural menopause
<40 years), experience a gradual decline of estrogen levels, whereas women
undergoing early surgical menopause, lose almost all estrogen production overnight.
It is therefore not evident that early natural menopause leads to the same long-term
effects as surgical menopause. In addition, because a substantial proportion of
women use oral contraceptives in their forties, or undergo hysterectomy, the true age
at menopause in studies investigating effects of natural menopause is often unclear
for part of the study population.

Cardiovascular disease after early menopause

There is ample evidence that early natural menopause is associated with increased
CVD risk in later life. Two recent large meta-analyses show especially increased risks
of stroke and ischemic heart disease (IHD) in women with POIL. "7 As estrogens are
cardio-protective during the fertile years of life, women with an early menopause
experience a longer period of decreased levels of estrogen at an earlier age, compared
with women in the general population. ™ However, whether or not CVD risk is
increased after surgical menopause has been investigated less frequently and with
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inconsistent results. 22 The differences in results between studies investigating CVD
risk after surgical menopause might be explained by methodological issues when
comparing women who underwent surgical menopause with the general population,
due to confounding by indication for bilateral oophorectomy. Such bias may arise
because the indication for bilateral oophorectomy might be associated with increased
CVD risk rather than the surgical procedure itself. Among the most frequent
indications for surgical menopause are risk-reducing salpingo-oophorectomy,
endometriosis and benign cysts, which have all been reported to be associated with
increased CVD risk.* Endometriosis has been associated with an increased risk for
CVD, irrespective of a history of surgical menopause, while CVD risk in women with
cysts remains unclear. ?* Women who undergo RRSO are predominantly BRCA1/2
GPV carriers and therefore many of them have a history of breast cancer. Breast
cancer treatments such as chemotherapy and radiotherapy (especially of the internal
mammary chain) are known to influence CVD risk. > Furthermore, some studies
suggest BRCA genes play a cardio-protective role by downregulation of reactive
oxygen species and apoptosis, potentially leading to increased CVD risk in BRCA1/2
GPV carriers. * To restrict potential bias due to confounding, studies investigating
long-term CVD risk after surgical menopause should therefore aim to compare
subgroups restricted to women with the same indication for surgical menopause,
with different ages at surgery. Previous studies investigating long-term CVD risk
after surgical menopause did not perform subgroup analyses among women who
underwent RRSO.

Reverse causality hypothesis about early menopause and increased

CVD risk

Another possible hypothesis that might (partly) explain the observed association
between early natural menopause and CVD risk, is the reverse causality hypothesis.
Early loss of ovarian function may not be the (only) cause of the increased CVD risk in
women with early natural menopause. It has been postulated that early menopause
is the result of accelerated vascular ageing (also involving the ovaries), which may
also explain a statistical (non-causal) association between earlier natural menopause
and increased CVD risk (see Figure 3). % If this were true, no elevated CVD risk
would be expected in women with an early surgical menopause. This hypothesis is
supported by a small recent study in which no association was observed between time
since RRSO and other measures of subclinical atherosclerosis, including pulse wave
velocity (PWV) and carotid intima thickness (cIMT) in a cohort of women BRCA1/2
GPV carriers.
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I Figure 3a. Estrogen deficiency hypothesis Figure 3b. Reverse causality hypothesis
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Figure 4. Explanations for observed associations between early natural menopause and increased CVD risk.

Bone mineral density after early menopause

Estrogen deficiency is the main cause of bone loss after menopause, which may
lead to osteopenia or osteoporosis and an increased risk of fractures. * Studies
suggest a perimenopausal peak of bone loss of especially the lumbar spine (LS),
with a more gradual decline of bone mineral density (BMD) after 4-5 years. *°® Two
recent longitudinal studies showed a significantly lower BMD in BRCA1/2 GPV
carriers who underwent a premenopausal RRSO compared with carriers who
underwent a postmenopausal RRSO or no RRSO at all. #*> However, these studies
had a median follow-up after RRSO of 3 years or less, so it remains unclear whether
these effects persist over time. Cross-sectional studies investigating the effects of a
premenopausal RRSO on BMD in BRCA1/2 GPV carriers (median follow-up 4-6 years)
show inconsistent results. 3% In addition, studies not restricted to BRCA1/2 GPV
carriers suggest that the long-term impact of early menopause on BMD might be
attenuated at older age. * The long-term effects of premenopausal RRSO on bone
health are particularly important because the risk of especially osteoporotic hip
fractures and subsequent morbidity and mortality increase sharply with age (see
Figure 4). Therefore, studies with longer follow-up are needed to better understand
the impact of early menopause on bone health. ¥
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Sexual and urogenital problems after surgical menopause

Vulvovaginal atrophy caused by reduced circulating estrogen levels is common
in postmenopausal women, and is associated with symptoms of the lower urinary
tract and decreased sexual functioning. ** Available literature on sexual functioning
after RRSO is predominantly focusing on the short-term adverse effects, reporting
a negative impact on especially sexual pleasure and comfort. *# Furthermore,
hypoactive sexual desire disorder is more prevalent among women who underwent
surgical menopause compared with women with a natural menopause, leading to
less sexual satisfaction. #> Although there is ample evidence of short-term effects
of surgical menopause on sexual functioning, it remains largely unknown whether
these changes still exist on the long-term, or attenuate with ageing. Postmenopausal
changes because of reduced estrogen levels not only lead to vulvovaginal atrophy
but also affect other urogenital tissues resulting in symptoms of the lower urinary
tract that can have a large impact on quality of life, including urgency and urinary
incontinence. ¥ However, the associations between surgical menopause after bilateral
oophorectomy and these symptoms still need to be examined.

Health-related quality of life after surgical menopause

Several studies have investigated the short-term effects of RRSO on health-related
quality of life (HRQOL). #* Although RRSO is known to influence HRQOL related
outcomes including more vasomotor/menopausal complaints and worsened sexual
function, generic HRQOL appears to be unaffected. “*¢ A possible explanation is
that RRSO has been shown to reduce short-term cancer-specific distress and women
appear to be satisfied with their choice to undergo prophylactic surgery. #-* However,
most studies do not specify for timing of RRSO (pre- vs postmenopausal), and have
relatively short follow-up times (median up to 5 years). #* Therefore, it remains
unclear whether premenopausal RRSO influences long-term HRQOL.

The HARMOny study

The Health After Early Menopause Due to Oophorectomy (HARMOny) study
aimed to investigate the long-term health effects of women at high familial risk of
ovarian cancer who underwent RRSO at age 45 years or earlier. * To overcome the
aforementioned challenges when researching the long-term effects of surgical
menopause we performed a cross-sectional study in which we compared 500 women
in the premenopausal RRSO group with 250 women with the same familial risk, who
underwent such surgery after menopause, at age 54 years or later. This meant that
we were able to minimize selection bias and confounding by indication. Women
included in the study had to be 55-years or older, so all women in the premenopausal
RRSO group had at least 10 years of follow-up after surgical menopause. We
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performed a nationwide multi-center study nested in the Hereditary Breast and
Ovarian cancer study Netherlands (HEBON study. ** Participation in the HARMOny
study consisted of completion of an extensive online questionnaire and a clinical
visit. The clinical visit included a visit with the research physician at the outpatient
clinic to obtain anthropometric measurements and determine blood pressure, pulse
wave velocity (PWV) and advanced glycation end products (AGEs). During the clinical
visit, non-fasting blood samples were taken to analyze levels of lipids, glucose,
HbA1c, C-reactive protein (CRP), cardiac troponin, calcium, albumin, phosphate,
creatinine, 25-hydroxyvitamin D (250HD), beta-C-terminal collagen crosslink
(B-CTX) and N-terminal procollagen type 1 (PINP). Furthermore, dual-energy X-ray
absorptiometry (DXA) of the lumbar spine (LS) and femoral neck (FN) was performed
to calculate absolute BMD, T-scores and Z-scores of the Li-L4 vertebral bodies and
femoral neck. In addition, CAC scores were assessed by computed tomography using
standardized local scan protocols for Agatston scoring at the various participating
medical centers. During the first years of my PhD trajectory, a large proportion of the
time was used to plan and conduct the clinical visits of over 540 participants at the
participating hospitals outpatient clinics, as well as communicating the results of the
various outcomes to the participating women and their general practitioners.

Coronary artery calcium and pulse wave velocity as measure of
cardiovascular disease risk

Coronary artery calcium (CAC) score, as a measure of the amount of calcification of
the coronary arteries, is assessed on blank computed tomography (CT) by calculating
the Agatston score. CAC is an established method to assess subclinical atherosclerosis
and therefore individual CVD risk in asymptomatic individuals, even at relatively
young ages.** In addition, a recent study showed that CAC is an excellent predictor
of CVD in asymptomatic postmenopausal women, also those who experienced an
early natural menopause (See Figure 5).% So far, there are no studies that assessed
CAC scores in relation to the timing of surgical menopause. Increased aortic stiffness
is a sign of vascular ageing and independent predictor for CVD in the general
population. * Although the pathophysiology is different, some studies suggest
that CAC and arterial stiffness are associated. While CAC assesses calcification of
the tunica intima, arterial stiffness is primarily influenced by ageing and high blood
pressure, leading to functional changes in the architecture throughout the arterial
wall. The gold standard for aortic stiffness, brachial-ankle pulse wave velocity (PWV),
is a relatively simple and noninvasive test that could provide additional information
in clinical practice.* Studies show that PWV increases more strongly during the
menopausal transition and that increased PWV is associated with the risk of major
adverse cardiovascular events in postmenopausal women. ©%* However, whether early
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menopause leads to a long-term increase of PWV remains unknown. ® The long-term
effects of surgical menopause on both CAC and PWV could provide more insight into

the development of CVD after early menopause.

Women with Early Menopauss
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Figure 6. Kaplan-Meier curves of atherosclerotic cardiovascular disease (ASCVD)-free survival for
women with and without early menopause stratified by baseline CAC score. The difference in survival
was statistically significant (log-rank p < 0.01 for all comparisons). A calculated interaction term between
EM and CAC was not statistically significant with p =0.09.5

Measures of bone mineral density

Bone mineral density is commonly assessed using a dual-energy X-ray absorptio-
metry (DXA) scan of the lumbar spine (LS) and femoral neck (FN). Because BMD is
gender and age related, the absolute BMD is usually converted to T- and Z-scores.
T-scores compare the observed BMD with the mean BMD of a young adult reference
population, by calculating the number of standard deviations by which the observed
BMD differs from the BMD of a young adult reference population. Z-scores compare
the observed BMD with the mean BMD of a reference population of the same age
by calculating the number of standard deviations by which the observed BMD
differs from the BMD of a reference population of the same age. The World Health
Organization guidelines define presence of osteopenia as having a T-score between
-1.0 to -2.5 and presence of osteoporosis is defined as having a T-score <-2.5.% Bone
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turnover markers (BTM) may predict future fracture risk in postmenopausal women
independent of BMD. ® Studies show that serum beta-C-terminal collagen crosslink
(B-CTX) as a marker for bone resorption and serum N-terminal procollagen type 1
(P1NP) as a marker for bone formation are the most sensitive BTM after surgical

menopause. ¢

Outline of this thesis

All results presented in this thesis are based on data originating from the
HARMOny study. In Chapter 2 we report on CAC scores in women who underwent
a premenopausal RRSO compared with women who underwent a postmenopausal
RRSO as well as with a reference population from the ROBINSCA trial. Chapter 3
shows the long-term effects of premenopausal RRSO compared to postmenopausal
RRSO on PWV and describes the association between PWV and CAC in women with
a premenopausal RRSO. Chapter 4 evaluates the effect of a premenopausal compared
with a postmenopausal RRSO on BMD. Chapter 5 provides a comprehensive
overview of all long-term adverse effects examined in the HARMOny study, including
quality of life. Chapter 6 evaluates the effect of a premenopausal RRSO on sexual
functioning, compared to a postmenopausal RRSO. Chapter 7 evaluates urogenital
functioning, and urinary incontinence in particular, in women with a premenopausal
RRSO compared with women with a postmenopausal RRSO. In Chapter 8, we
summarize and discuss the content of this thesis and provide clinical implications
and perspectives for future research.
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Abstract

Background

Premenopausal risk-reducing salpingo-oophorectomy (RRSO) in women at high
familial risk of ovarian cancer leads to immediate menopause. While early natural
menopause is associated with increased cardiovascular disease risk, evidence on long-
term cardiovascular disease risk after early surgical menopause is scarce.

Objectives
To determine the long-term influence of the timing of RRSO on the development of
coronary artery calcium (CAC), an established marker for cardiovascular disease risk.

Methods

We conducted a cross-sectional study (n=733) nested in a nationwide cohort of
women at high familial risk of ovarian cancer. In women aged 60-70 years (n=328),
we compared CAC scores between women with a premenopausal RRSO (<45 years)
and women with a postmenopausal RRSO (=54 years), using multivariable Poisson
analyses. Within the premenopausal RRSO group (n=498), we also examined the
effect of age at RRSO. In addition, we compared the premenopausal RRSO group
with an external reference cohort (n=5226).

Results

Multivariable analyses showed that the prevalence rates of any CAC (CAC > o),
at least moderate CAC (CAC > 100), and severe CAC (CAC > 400) were comparable
between the premenopausal and postmenopausal RRSO groups (relative risk [RR]:
0.93; 95% CI: 0.75-1.15 for any CAC; RR: 0.71; 95% CI: 0.43-1.17 for at least moderate
CAC; RR: 0.81; 95% CI: 0.30-2.13 for severe CAC). There was no difference in CAC
between the premenopausal RRSO group and a similar aged reference cohort.
Timing of premenopausal RRSO (early premenopausal RRSO [<41 years] vs late
premenopausal RRSO [41-45 years]) did not affect the outcomes.

Conclusion
Our results do not show a long-term adverse effect of surgical menopause on the
development of CAC.
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GPV = germline pathogenic variant

RRSO =risk-reducing salpingo-oophorectomy
IHD =ischemic heart disease

POI = premature ovarian insufficiency

CAC = coronary artery calcium

IMC = internal mammary chain

MHT = menopausal hormone therapy
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Introduction

Available screening methods for early detection of ovarian cancer remain ineffective.!
Therefore, current guidelines for women at high familial risk for ovarian cancer, such
as carriers of BRCA1/2 germline pathogenic variants (GPV), recommend risk-reducing
salpingo-oophorectomy (RRSO) to prevent ovarian cancer. RRSO is advised after
completion of childbearing, ideally between the ages of 35 and 40 years for BRCA1
GPV carriers, and between 40 and 45 years for BRCA2 GPV carriers. > While RRSO
reduces the risk of ovarian cancer by 96%, it also induces early surgical menopause.**

Early menopause (<45 years) has been associated with various long-term adverse
effects, including an increased risk of cardiovascular disease, lowered bone mineral
density, reduced quality of life, and cognitive impairment. * There is ample evidence
that early natural menopause increases the risk of cardiovascular disease in later
life. Recent studies show especially increased risks of stroke and ischemic heart
disease (IHD) after early natural menopause due to premature ovarian insufficiency
(POI). *® This increased risk is commonly attributed to the decreased production of
endogenous estrogens. * However, whether cardiovascular disease risk is similarly
increased after surgical menopause has been less frequently investigated, with
inconsistent results. 5¢1°

Coronary artery calcium (CAC) measured by computed tomography is an established
method for assessing individual cardiovascular disease risk in asymptomatic
individuals, even at relatively young ages. ™" In addition, a recent study showed
that CAC is an excellent predictor of cardiovascular disease in asymptomatic
postmenopausal women who experienced an early natural menopause.® However, no
studies have yet assessed CAC scores in relation to the timing of surgical menopause.

We aimed to investigate the long-term effect of a premenopausal RRSO (<45yrs) on
the presence of CAC in a cross-sectional study of 733 women at high familial risk for
ovarian cancer. We compared women who underwent a premenopausal RRSO (<45yrs)
with women who underwent a postmenopausal RRSO (=54 years), and we examined
the effect of timing of RRSO within the premenopausal group. Additionally, we
compared the premenopausal RRSO group with an external reference cohort.



Coronary Artery Calcium Scores after Prophylactic Premenopausal Bilateral Salpingo-Oophorectomy | 27

Methods

Study cohort

The HARMOny study is a Dutch multicenter cross-sectional study investigating
the long-term effects of RRSO on cardiovascular disease, bone health, cognition,
and quality of life. The study design of the HARMOny study (ClinicalTrials.gov
NCTo03835793) has been described in detail previously and was approved in writing
by the Medical Ethics Committee of the Antoni van Leeuwenhoek/Netherlands
Cancer Institute (AVL/NKI). ® Women were recruited from the Hereditary Breast and
Ovarian cancer study Netherlands (HEBON), a nationwide cohort of women at high
familial risk of breast and/or ovarian cancer recruited from all eight Dutch University
Medical Centers and the Netherlands Cancer Institute. Between 2018 and 2022,
1207 women were invited to participate in the study: 733 women who underwent
a premenopausal RRSO (<45yrs) and were at least 55 years old at inclusion, and
474 women who underwent a postmenopausal RRSO (>54 years) (Figure 1). Exclusion
criteria included a history of ovarian cancer, age older than 8o years, therapy-
induced menopause more than five years before RRSO, metastatic disease, or a
prior intervention interfering with the assessment of CAC, such as a percutaneous
coronary intervention or mechanical cardiac valve. A history of cancer, other than

ovarian cancer, was not a reason for exclusion.

External reference cohort ROBINSCA

We used an external reference cohort from the Risk or Benefit in Screening for
Cardiovascular Disease (ROBINSCA) study, which was recruited from the Dutch
general population in three different regions. Eligibility criteria required participants
to have no history of cardiovascular disease but at least one cardiovascular disease
risk factor. > In the ROBINSCA study, CAC scores and cardiovascular disease risk
factors were available for 5226 women aged 55-70 years.

Study assessments

Participation in the HARMOny study involved completing an extensive online
questionnaire and attending a clinical visit.*® The questionnaire covered traditional
and female-specific cardiovascular disease risk factors, medical history, and
medication use, including menopausal hormone therapy (MHT). The clinical visit
included a CAC score measurement by computed tomography, blood sampling, and
an outpatient clinic visit with a research physician for anthropometric measurements
(height, weight, heart rate, blood pressure, and waist and hip circumference). CAC
scores were calculated by experienced cardiovascular radiologists at the participating
medical centers using the standardized Agatston scoring method, which is known for
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its excellent interscanner and interrater reliability. 2 Percentiles of the CAC score
were determined using the Multi-Ethnic Study of Atherosclerosis (MESA) score. 242
Blood samples were taken to analyze non-fasting levels of lipids, glucose, HbAic,
high-sensitivity C-reactive protein (hs-CRP), and high-sensitivity cardiac troponin
(hs-Troponin). If a participant had undergone radiotherapy for breast cancer, the
radiotherapy records were evaluated for internal mammary chain (IMC) irradiation,
a known risk factor for IHD. *¢ According to the study protocol, the results of all
measurements were shared with participants, and a letter detailing the results was
sent to their general practitioners.

Statistical analyses

Continuous data were presented as means with standard deviation for normally
distributed variables and as medians with 25th-75th percentiles (Q1-Q3) for
skewed distribution. Categorical data were presented as counts with percentages.
Characteristics of women in the premenopausal RRSO (<45 years) and postmenopausal
RRSO (254 years) groups were compared using the independent samples t test or
Wilcoxon rank-sum test for continuous data, and the Fisher exact test or x2 test for
categorical data. A two-sided P value of less than 0.05 was considered statistically
significant. Normality of data was assessed using the Shapiro-Wilk test. According
to the HARMOny study protocol, we attempted to match the premenopausal RRSO
(<45 years) and postmenopausal RRSO (=54 years) groups on age at the study visit. **
However, during the inclusion period, we observed a substantial age difference
(median 10.1 years) between the two groups. This age difference was attributed to the
change in the 2007 guidelines for the management of ovarian cancer risk in BRCA1/2
GPV carriers, which led to a significant increase in the prevalence of premenopausal
RRSO. * Therefore, in the current study, we restricted the comparison of CAC
scores between the premenopausal and postmenopausal RRSO groups to women
who were between 60 and 70 years old at the time of the study visit (Figure 1). In
addition, within the entire premenopausal RRSO group, we evaluated CAC scores
in women who had an early premenopausal RRSO (<41 years) and those who had a
late premenopausal RRSO (41-45 years). We performed sensitivity analyses in women
with and without MHT use and women without a history of breast cancer. Finally, we
compared the CAC scores of women in our premenopausal RRSO group who met the
eligibility criteria for ROBINSCA with the CAC scores of similarly aged women in the
ROBINSCA study.

To evaluate whether the timing of premenopausal RRSO affects CAC scores later
in life, we estimated relative risks (RRs) with 95% confidence intervals (CIs) for
various CAC score cutoff points using multivariable Poisson regression analysis.
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The assumptions of the Poisson model were assessed through the deviance and
Pearson goodness-of-fit tests. The outcome categories analyzed were any CAC
(CAC > 0), at least moderate CAC (CAC > 100) and severe CAC (CAC > 400). The
variables assessed as possible confounders included age at study entry, current or

ever smoking, alcohol use, use of menopausal MHT, history of breast cancer, history
of IMC irradiation, body mass index (BMI), diabetes mellitus (defined as the use of
antidiabetic medication for type 1 or 2 diabetes), hypertension (defined as the use
of antihypertensive medication, a systolic blood pressure >140 mmHg, or a diastolic
blood pressure >90 mmHg), and dyslipidemia (defined as the use of lipid-lowering
medication or LDL cholesterol >4.0 mmol/L). A variable was considered a confounder
if the RR estimate for the association of interest was changed by more than 10% when
added to the model. All statistical analyses were performed using STATA version 15.1
(StataCorp LLC, College Station, TX).
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Figure 1. Flowchart of Participation in the HARMOny Study

The colors represent the 3 different statistical comparisons made: blue illustrates CAC scores of the
premenopausal RRSO group vs the postmenopausal RRSO group (aged 60-70 years at the study visit);
grey shows CAC scores of the early premenopausal RRSO group (<41 years) vs the late premenopausal
RRSO group (41-45 years); and pink compares CAC scores of the premenopausal RRSO group eligible for
the ROBINSCA cohort vs the ROBINSCA external reference cohort (aged 55-70 years at the study visit).
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Results

Participant characteristics of the entire HARMOny study population are provided in
the supplemental material (Supplemental Table 1).

Participant characteristics of women aged 60-70 years at study visit

We included 328 women who were aged 60 to 70 years at the time of the study visit
(207 in the premenopausal RRSO group [<45 years] and 121 in the postmenopausal
RRSO group [>54 years]). The median age at the study visit was 64.5 years
(61.9-67.0 years). The median time since RRSO was 21.0 years in the premenopausal
group (18.3-23.3 years) and 10.7 years in the postmenopausal group (9.6-11.9 years)
(Table 1). Both groups were comparable in terms of BRCA1/2 GPV carrier status
(overall, 66.7%) and history of breast cancer (overall, 61.8%). Compared with the
postmenopausal RRSO group, the premenopausal RRSO group had significantly
higher rates of IMC radiotherapy (8.7% vs 2.5%) and a more frequent history of
MHT use (29.5% vs 6.6%). Hypertension was significantly less prevalent in the
premenopausal RRSO group compared with the postmenopausal RRSO group
(53.1% Vs 65.3%).
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Within the entire premenopausal group (n=498), we compared women who
had an early premenopausal RRSO (<41years) (n=159) with those who had a late
premenopausal RRSO (41-45 years) (n=339). Compared with the late premenopausal
RRSO group, women in the early premenopausal RRSO group were significantly
more likely to be BRCA1/2 GPV carriers (74.8% vs 64.0%) and were less likely to have
a history of breast cancer (50.9% vs 64.0%), chemotherapy (37.1% vs 50.2%), and
endocrine therapy (12.0% vs 28.6%).

Table 2. RRs of increased CAC scores according to timing of RRSO in women aged 60-70 years.

Adjusted RR (95% CI)
CAC>o? CAC >100* CAC > 400? MESA >75%"
Timing of RRSO
Postmenopausal RRSO (=54 y) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Premenopausal RRSO (<45 y) 1.07(0.83-1.37) 0.89(0.52-1.52) 0.61(0.21-1.74) 1.13 (0.72-1.80)
Hypertension 1.55(1.23-1.95)  1.36(0.88-2.11)  1.19(0.54-2.61)  1.51(1.05-2.17)

Dyslipidemia 1.21(0.99-1.46) 1.48 (0.98-2.24) 2.80(1.20-6.52) 1.52 (1.09-2.11)

RR, relative risks; RRSO, premenopausal risk-reducing salpingo-oophorectomy, CAC, coronary
artery calcium.

*Risk of having any, moderate, severe CAC. RRs were multivariably adjusted for age, hypertension,
dyslipidemia, and timing of RRSO.

PRisk of having a MESA score above 75%. RRs were multivariably adjusted for hypertension, dyslipidemia,
and timing of RRSO.

CAC scores after premenopausal versus postmenopausal RRSO in women
aged 60-70 years at study visit

Univariable analyses showed a higher prevalence of increased CAC scores in the
postmenopausal RRSO (=54 years) group compared with the premenopausal RRSO
(<45 years) group. For instance, severe CAC (CAC > 400) was observed in 13.2%
versus 5.3% of women, respectively. The MESA score was comparable between both
groups (median 57; Q1-Q3: 0-80 vs median 58; Q1-Q3: 0-80). After adjustment for
age, hypertension, and dyslipidemia, there was no statistically significant difference
in CAC scores between the premenopausal and postmenopausal RRSO groups
among women aged 60-70 years (Table 2 and Central Illustration). The prevalence
rates of any CAC (CAC > 0), at least moderate CAC (CAC >100), and severe CAC
(CAC > 400) were not higher in the premenopausal RRSO group compared with the
postmenopausal RRSO group (RR: 1.07; 95% CI: 0.83-1.37for any CAC; RR: 0.89; 95%
CI: 0.52-1.52for CAC > 100; RR: 0.61; 95% CI: 0.21-1.74for CAC > 400). The prevalence
rates of participants with a MESA percentile score above 75% were also comparable
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in both groups (RR: 1.13; 95% CI: 0.72-1.80). Participants with hypertension and/or
dyslipidemia had significantly higher CAC scores and MESA percentiles compared
with women without these risk factors. Including MHT use, current smoking, BMI,
history of breast cancer, diabetes mellitus, and IMC radiotherapy in the analyses did
not change the outcomes (Supplemental Table 2).

CAC scores according to timing of premenopausal RRSO

The prevalence rates of any CAC, at least moderate CAC, and severe CAC were
comparable between the early and late premenopausal groups (RRs adjusted for age,
hypertension, and dyslipidemia: RR: 0.93; 95% CI: 0.75-1.15 for any CAC; RR: 0.71;
95% CI: 0.43-1.17 for CAC > 100; RR: 0.81; 95% CI: 0.30-2.13 for CAC > 400 (Table 3).
The prevalence rates of participants with a MESA score above 75% percentile were
also comparable between the two groups (RR: 0.96; 95% CI: 0.72-1.28). Participants
with hypertension and/or dyslipidemia had significantly higher CAC scores and
MESA percentiles than those without these risk factors. Including MHT use, current
smoking, BMI, history of breast cancer, diabetes mellitus, and IMC radiotherapy in
the analyses did not affect the results.

Table 3. RRs of increased CAC scores according to timing of RRSO in women with a premenopausal RRSO.

Adjusted RR (95% CI)
CAC>o* CAC >100* CAC > 400* MESA >75%"

Timing of RRSO

Late premenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

RRSO (41-45y)

Early premenopausal ~ 0.93 (0.75-1.15) 0.71(0.43-1.17) 0.81(0.34-2.13)  0.96 (0.72-1.28)

RRSO (<41y)
Hypertension 1.43 (1.16-1.75) 1.33 (0.86-2.06) 1.30 (0.59-2.84)  1.42(1.08-1.86)
Dyslipidemia 1.13 (0.93-1.37) 1.68 (1.10-2.56) 4.35(1.81-10.45)  1.33(1.02-1.73)

RR, relative risks; RRSO, premenopausal risk-reducing salpingo-oophorectomy, CAC, coronary
artery calcium.

*Risk of having any, moderate, or severe CAC. RRs were multivariably adjusted for age, hypertension,
dyslipidemia, and timing of RRSO.

"Risk of having a MESA score above 75%. RRs were multivariably adjusted for hypertension, dyslipidemia,
and timing of RRSO.

Sensitivity analyses

Sensitivity analyses conducted in women with and without MHT use (Supplemental
Tables 2, 3, and 4) and in women with and without breast cancer (Supplemental
Tables 5 and 6) yielded similar results.
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CAC scores in the premenopausal RRSO group compared with an
external reference cohort

In total, 270 women in the premenopausal RRSO (<45 years) group met the
eligibility criteria for the ROBINSCA study (Supplemental Table 7). Women in the
premenopausal RRSO group were significantly younger and had a significantly
higher BMI and a higher prevalence of any type of diabetes mellitus compared with
women in the ROBINSCA study in the same age group (55-70 years; n=5226). Other
measured cardiovascular disease risk factors were comparable between the two
groups. The prevalence rates of increased CAC scores were comparable between the
two groups for any CAC, CAC > 100, and CAC > 400. Multivariable Poisson analyses
showed no significant differences between the premenopausal RRSO group and the
ROBINSCA reference group for the different CAC outcomes (analyses adjusted for age,
hypertension medication, and lipid-lowering medication) (Table 4). Including BMI or
the prevalence of diabetes mellitus in the analyses did not change the outcomes.

Table 4. RRs of increased CAC scores in the premenopausal RRSO group compared with the
ROBINSCA cohort

Adjusted RR (95% CI)
CAC>0? CAC >100* CAC > 400*
Timing of RRSO
ROBINSCA age 55-70y 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Premenopausal RRSO (<45y) 1.05 (0.92-1.21) 1.11 (0.80-1.53) 1.05 (0.50-2.20)
Hypertension 1.18 (1.11-1.26) 1.43 (1.23-1.67) 1.92 (1.41-2..61)
Dyslipidemia 1.48 (1.37-1.59) 2.12 (1.76-2.55) 2.61 (1.77-3.85)

RR, relative risks; RRSO, premenopausal risk-reducing salpingo-oophorectomy, CAC, coronary
artery calcium.

“Risk of having any, moderate, or severe CAC. RRs were multivariably adjusted for age, antihypertensive
medication, lipid lowering medication, and timing of RRSO.

Discussion

Twenty-one years after surgical menopause, we did not observe increased CAC scores
in women who underwent a premenopausal RRSO (<45 years), either when compared
with women who underwent postmenopausal RRSO (=54 years) or with an external
reference population. Furthermore, an early premenopausal RRSO (<41 years),
compared with a late premenopausal RRSO (41-45 years), was not associated with
increased CAC scores.
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Our nationwide study is the first to investigate CAC scores after premenopausal
RRSO in women at high familial risk for ovarian cancer. Studies investigating
cardiovascular disease risk after surgical menopause are scarce and inconclusive,
primarily due to limited power and methodological issues, such as confounding by

indication for surgical menopause.s*°* The most frequently reported indications for
surgical menopause include RRSO, endometriosis, and benign cysts. Endometriosis
has been associated with an increased risk of cardiovascular disease, regardless of a
history of surgical menopause, while cardiovascular disease risk in women with cysts
remains unclear. > However, previous studies did not conduct subgroup analyses
specifically among women with RRSO. Our findings in women who underwent
surgical menopause are consistent with a recent smaller study by Van Bommel et
al., which found no association between time since RRSO and other measures of
subclinical atherosclerosis, including pulse wave velocity (PWV) and carotid intima
thickness (cIMT), in a cohort of women BRCA1/2 GPV carriers. *

Although surgical menopause does not appear to be associated with CAC, this
does not entirely rule out the possibility of increased cardiovascular disease risk
through other (less likely) pathways. Two recent studies did also did not show no
differences in the prevalence of increased CAC levels after POI. However, the women
included in these studies may have been too young (median ages 49.4 and 50 years,
respectively) to detect differences in subclinical atherosclerosis. ** In contrast, two
recent large meta-analyses convincingly showed increased cardiovascular disease
risk after early natural menopause.”® Interestingly, a study by Krul et al. showed no
increase in cardiovascular disease risk after early iatrogenic menopause caused by
chemotherapy-induced POI in Hodgkin lymphoma survivors. ** This supports our
hypothesis that early natural menopause is associated with increased cardiovascular
disease risk, whereas early surgical (or otherwise iatrogenic) menopause is not. This
apparent discrepancy may be explained by the reverse causality hypothesis, which
postulates that early natural menopause is the result of accelerated vascular aging,
leading to a statistical (non-causal) association between early natural menopause and
increased cardiovascular disease risk.”

It has been suggested that MHT may protect women against IHD after surgical
menopause before the age of 45. %% Therefore, we considered MHT as a potential
confounder in our analyses. However, the prevalence of MHT use was relatively low
in our study. Furthermore, we did not find a protective effect of MHT use, neither
for ever use nor for the duration of use (Supplemental Tables 2, 3, and 4, and
Supplemental Tables 8 and 9), and MHT use was not a confounder in our analyses.
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Strengths and limitations

The strengths of our nationwide study include the large sample size, which provided
sufficient power for subgroup analyses, the long-term follow-up after premenopausal
RRSO (=45 years) and the use of a comparison group of women who also underwent
RRSO, but at a later age. By excluding women who underwent RRSO between the ages
of 46 and 54 years, we were able to make a more distinct evaluation of the differences
in cardiovascular disease risk between the premenopausal and postmenopausal
RRSO groups. Unlike other studies, the comparisons in our study are not affected by
confounding due to the indication for bilateral oophorectomy.

Since the current standard of care for women at high familial risk of ovarian cancer is
to undergo premenopausal RRSO, almost all women have the surgery before reaching
menopause. > Consequently, our study took advantage of a window of opportunity to
recruit a large group of women who had undergone postmenopausal RRSO (=54 years)
years earlier. The participation rate of our study was strong (60.7%), considering
the relatively long time since RRSO at the time of the study visit. In addition, our
outcome measure, CAC, is an established predictor of cardiovascular disease risk in
asymptomatic women, independent of other cardiovascular disease risk factors. ™
The CAC score has also been shown to be a reliable predictor of cardiovascular disease
risk in women with an early menopause (before age 45).

A limitation of our study is the age difference between the premenopausal RRSO
(<45 years) and postmenopausal RRSO (254 years) groups in the entire study
population. However, we addressed this limitation by restricting our analysis
to women aged 60-70 years at study enrollment. In addition, we used the entire
premenopausal RRSO group to assess the association between timing of a
premenopausal RRSO (<41 years vs 41-45 years) and cardiovascular disease risk.
Moreover, we had the unique opportunity to compare the CAC scores of our
premenopausal RRSO group with those of similarly aged women in the ROBINSCA
general population cohort, showing no differences. When interpreting our results, it
is important to note that 98% of the participants were Caucasian. Another potential
limitation of this study is survival bias, as death related to cardiovascular disease after
RRSO may have occurred before recruitment into the HARMOny study. Since our
study was nested within the HEBON cohort, we had the opportunity to obtain causes
of death from Statistics Netherlands for all women who were otherwise eligible for
our study but died before possible inclusion.™ Only 1.9% of these women died from
a cardiovascular event, while the most frequent cause of death was cancer (87.6%).
Selection bias may also have occurred due to differences in response rates between
the premenopausal (68.0%) and postmenopausal groups (50.8%). We addressed
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this potential bias by using previously collected data from questionnaire surveys
completed for the HEBON study. * In these questionnaires, current non-responders
in the postmenopausal RRSO group did not report a lower or higher prevalence of
cardiovascular disease than responders.

Conclusion

In conclusion, this study does not support a long-term adverse effect of surgical
menopause on the development of CAC, a marker of cardiovascular disease risk. This
is an important and reassuring message for women at high familial risk of ovarian
cancer and may assist physicians in counseling these women. Our results may also
have broader relevance for women who experience iatrogenic menopause after cancer
treatment. Future studies should examine the risk of clinical cardiovascular disease
after iatrogenic menopause.
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Supplements

Table S1. Participant characteristics whole study population.

Premenopausal Postmenopausal p-value
RRSO RRSO

N 498 235
Age at study visit, years 58.8 (56.8-61.8) 68.9 (65.8-72.5) <0.001
Time since RRSO, years 18.1(15.3-21.3) 11.6 (10.2-13.9) <0.001
Age at menopause, years 42..0 (40.0-44.0) 51.0 (50.0-53.0) <0.001
BRCA gPV carrier status <0.001

BRCA1 240 (48.2) 70 (29.8)

BRCA2 96 (19.3) 83(35.3)

Non-carrier 162 (32.5) 82 (34.9)
MHT use 142 (28.5) 24 (10.2) <0.001
Breast cancer history 298 (59.8) 155 (66.0) 0.11

Chemotherapy 229 (46.0) 83(35.3) 0.007

Internal mammary chain radiotherapy 42.(8.4) 16 (6.8) 0.43

Endocrine therapy 116 (23.3) 50 (21.3) 0.60
Smoking 0.001

Current smoker 49(9.8) 8(3.4)

Former smoker 204 (41.0) 121 (51.5)

Never 245 (49.2) 106 (45.1)
Alcohol >2 drinks daily 268 (53.8) 118 (50.2) 0.36
MI first degree family member* 159 (31.9) 75 (31.9) 0.87
BMI, kg/m> 25.3 (22.7-29.0) 25.1(22.9-28.7) 0.42
Waist circumference, cm 88.0(80.0-97.0) 89.0(82.0-99.0) 0.42
Systolic blood pressure, nm Hg 133.7 (17.3) 143.9 (17.8) <0.001
Diastolic blood pressure, mm Hg 77.3 (12.0) 79.6 (11.7) 0.017
Total cholesterol, mmol/L 5.6(1.0) 5.6(1.2) 0.55
LDL cholesterol, mmol/L 3.3(0.9) 3.2(1.1) 0.28
HDL cholesterol, mmol/L 1.7(0.5) 1.8 (0.5) 0.024
Antihypertensive medication 97 (19.5) 69 (29.4) 0.003

Lipid lowering medication 59 (11.9) 51(21.7) <0.001
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Table S1. Continued

Premenopausal Postmenopausal p-value
RRSO RRSO

Diabetes mellitus any type 34(6.8) 17 (7.2) 0.82
Hypertension® 221(44.4) 155 (66.0) <0.001
Dyslipidemiac 181 (36.4) 106 (45.1) 0.023
MESA 10-year CHD risk® 2.2(1.4-4.8) 5.1(2.2-9.9) <0.001
CAC score median 0(0-37) 30 (0-175) <0.001
CAC>0 220 (44.2) 153 (65.1) <0.001
CAC>100 71 (14.3) 80 (34.0) <0.001
CAC>400 22.(4.4) 33 (14.0) <0.001
MESA score 0 (0-80) 54 (0-79) <0.001
MESA percentile >75% 149 (29.9) 66 (28.1) 0.61

Values are numbers with percentages (No. (%)) for categorical variables, means with standard deviation
for normal distributed variables, and medians with 25th-75th percentiles for variables with a skewed
distribution. P-value was calculated using independent samples t-test, X*test and Wilcoxon rank-sum test.

Abbreviations: gPV, pathogenic variant; MHT, menopausal hormone therapy; MI, myocardial infarction;
BMI, body mass index; LDL, low density lipoprotein; HDL, high density lipoprotein.

*Myocardial infarction first degree family member before the age of 65.

"Hypertension: either antihypertensive medication, a systolic blood pressure >140mmHg or a diastolic
blood pressure >9ommH.

Dyslipidemia** either lipid lowering medication or a LDL cholesterol >4.0.

dMESA estimated 10-year risk of CHD event, including CAC score.



46 | Chapter 2

Table S2. RRs of increased CAC scores according to timing of RRSO in women aged 60-70 years.

RR (95% CI)
CAC >0 CAC >100 CAC >400 MESA >75%
Univariate model
Postmenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
RRSO (RRSO=54y)
Premenopausal 0.88 (0.72-1.08) 0.73 (0.49-1.10) 0.41(0.21-1.14) 1.12 (0.79-1.59)
RRSO (RRSO<45y)
Model 1
Postmenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
RRSO (RRSO=54y)
Premenopausal 1.04 (0.80-1.35) 0.88 (0.52-1.48) 0.61(0.23-1.66) 1.12 (0.79-1.59)
RRSO (RRSO<45y)
Model 2
Postmenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
RRSO (RRSO=54y)
Premenopausal 1.07 (0.83-1.37) 0.89 (0.52-1.52) 0.61(0.21-1.74) 1.13 (0.72-1.80)
RRSO (RRSO<45y)
Model 3
Postmenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
RRSO (RRSO=54y)
Premenopausal 1.09 (0.82-1.44) 0.94 (0.53-1.67) 0.78 (0.25-2.44) 1.25 (0.85-1.84)
RRSO (RRSO<45y)
Model 4
Postmenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
RRSO (RRSO=54y)
Premenopausal 1.12 (0.84-1.50) 1.09 (0.62-1.92) 1.02 (0.28-3.66) 1.2.8 (0.86-1.90)
RRSO (RRSO<45y)

Model 1: Adjusted for age.Model 2: Adjusted for age, hypertension and dyslipidemiaModel 3: Adjusted for
age, hypertension dyslipidemia, current smoking, MHT use, BMI and history of breast cancerModel 4:
Adjusted for age, hypertension dyslipidemia, current smoking, MHT use, BMI, history of breast cancer,
diabetes mellitus and IMC irradiation (DM and IMC irradiation have a relative low prevalence in our
study population leading to wider 95% confidence intervals).
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Table S3. RRs of increased CAC scores according to timing of RRSO in women aged 60-70 without a

history of (any) MHT use.

Adjusted RR (95% CI)
CAC >0* CAC >100* CAC >400° MESA> 75%°

Timing of RRSO

Postmenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

RRSO (RRSO >54y)

Premenopausal 0.99 (0.72-1.37) 0.79 (0.41-1.53) 0.55(0.15-2.01)  0.96 (0.55-1.66)

RRSO (RRSO <45y)
Hypertension 1.51(1.14-2.01) 1.26 (0.75-2.13) 1.38 (0.49-3.84) 1.60 (1.01-2.54)
Dyslipidemia 1.12 (0.89-1.40) 1.04 (0.64-1.69) 1.83 (0.67-5.01) 1.25 (0.84-1.86)

* Risk of having any/moderate/severe coronary artery calcification (CAC), RRs were multivariably
adjusted for all other factors in the model: age, hypertension, dyslipidemia and timing of RRSO.

b Risk of having a MESA percentile above 75%, RRs were multivariably adjusted for all other factors in the
model: hypertension, dyslipidemia and timing of RRSO.

Table S4. RRs of increased CAC scores according to timing of premenopausal RRSO a in women with a

history of MHT use.
Adjusted RR (95% CI)
CAC >0* CAC >100* CAC >400* MESA> 75%"
Timing of RRSO
Late premenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

RRSO (41-45y)

Early premenopausal
RRSO (<41y)

Hypertension

Dyslipidemia

0.74 (0.52-1.05)

1.87(1.26-2.78)

1.28 (0.89-1.84)

0.47(0.19-1.13) 0.46 (0.13-1.72)

1.32(0.52-3.31)  0.73 (0.19-2..83)

2.65(1.09-6.44)  6.98 (1.81-26.89)

0.66 (0.40-1.09)

1.37 (0.91-2.72)

2.21(1.31-3.75)

* Risk of having any/moderate/severe coronary artery calcification (CAC), RRs were multivariably
adjusted for all other factors in the model: age, hypertension, dyslipidemia and timing of RRSO.

b Risk of having a MESA percentile above 75%, RRs were multivariably adjusted for all other factors in the
model: hypertension, dyslipidemia and timing of RRSO.
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Table Ss. RRs of increased CAC scores according to timing of premenopausal RRSO in women without a
history of MHT use.

Adjusted RR (95% CI)
CAC >0° CAC >100° CAC >400° MESA> 75%"
Timing of RRSO
Late premenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

RRSO (41-45y)
Early premenopausal  1.10 (0.83-1.45) 0.91(0.46-1.79) 1.10 (0.32-3.81) 1.16 (0.80-1.67)

RRSO (<41y)
Hypertension 1.32 (1.02-1.69) 1.36 (0.79-2.34) 2.02(0.68-5.97) 1.37 (0.99-1.91)
Dyslipidemia 1.04 (0.81-1.33) 1.26 (0.74-2.14)  3.37(1.10-10.30)  1.08 (0.78-1.51)

* Risk of having any/moderate/severe coronary artery calcification (CAC), RRs were multivariably
adjusted for all other factors in the model: age, hypertension, dyslipidemia and timing of RRSO.

b Risk of having a MESA percentile above 75%, RRs were multivariably adjusted for all other factors in the
model: hypertension, dyslipidemia and timing of RRSO.

Table S6. RRs of increased CAC scores according to timing of RRSO in women without a history of
breast cancer.

Adjusted RR (95% CI)
CAC>0* CAC >100? CAC >400* MESA> 75%"

Timing of RRSO

Postmenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

RRSO (RRSO >54y)

Premenopausal 1.03 (0.73-1.47) 0.98 (0.41-2.36) 0.89 (0.14-5.50) 1.35 (0.81-2.27)

RRSO (RRSO =45y)
Hypertension 1.80 (1.26-2.58) 2.00 (0.86-4.68) 1.11 (0.29-4.20) 1.56 (0.87-2.80)
Dyslipidemia 1.10 (0.84-1.44) 2.09 (1.01-4.31) 2.34(0.61-8.94) 1.92 (1.14-3.23)

*Risk of having any/moderate/severe coronary artery calcification (CAC), RRs were multivariably
adjusted for all other factors in the model: age, hypertension, dyslipidemia and timing of RRSO.

b Risk of having a MESA percentile above 75%, RRs were multivariably adjusted for all other factors in the
model: hypertension, dyslipidemia and timing of RRSO.
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Table S7. RRs of increased CAC scores according to timing of premenopausal RRSO in women without a
history of breast cancer.

Adjusted RR (95% CI)
CAC>0? CAC >100° CAC >400* MESA> 75%"
Timing of RRSO
Late premenopausal 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

RRSO (41-45y)

Early premenopausal ~ 0.67(0.48-0.94)  0.58 (0.24-1.41) 0.47(0.11-2.09) 0.81(0.52-1.26)

RRSO (<41y)
Hypertension 1.65 (1.20-2.56) 2.29 (0.95-5.51) 1.40 (0.41-4.78) 1.67 (1.06-2.64)
Dyslipidemia 1.21(0.91-1.61) 1.65(0.76-3.57)  5.47(1.40-21.41) 1.61 (1.05-2.47)

*Risk of having any/moderate/severe coronary artery calcification (CAC), RRs were multivariably
adjusted for all other factors in the model: age, hypertension, dyslipidemia and timing of RRSO.

b Risk of having a MESA percentile above 75%, RRs were multivariably adjusted for all other factors in the
model: hypertension, dyslipidemia and timing of RRSO.

Table S8. Participant characteristics ROBINSCA cohort and women after a premenopausal RRSO in
HARMOny eligible for ROBINSCA.

ROBINSCA Premenopausal p-value
(55-70 years) RRSO and eligible for
ROBINSCA

N 5226 270
Age median 62.0 (58.0-65.0) 59.1(57.6-61.6) <0.001
Current smoker 784 (15.0) 43 (15.9) 0.68
BMI median 25.4 (23.3-28.3) 27.2.(24.4-30.5) <0.001
Family member with MI* 2362 (45.2) 115 (42..6) 0.41
DM 146 (2.8) 17 (6.3) 0.001
Antihypertensive medication 962 (18.4) 41.0 (15.2) 0.19
Lipid lowering medication 355(6.8) 12 (4.4) 0.14
CAC score median 0 (0-38) 0 (0-31) 0.21
CAC>o0 2545 (48.7) 122 (45.2) 0.27
CAC>100 747 (14.3) 33(12.2) 0.35
CAC>400 193 (3.7) 7(2.6) 0.37

Values are numbers with percentages (No. (%)) for categorical variables and medians with 25th-75th
percentiles for variables with a skewed distribution. P-value was calculated using independent samples t-test
and Wilcoxon rank-sum test.

BMI, body mass index; MI, myocardial infarction; DM, diabetes mellitus; CAC, Coronary Artery Calcium
*Myocardial infarction first or second degree family member before the age of 65.
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Table S9. Risks of increased CAC-scores according to different MHT durations in women aged 60-70.

Adjusted RR and 95% (CI) for different CAC-scores (n=328)

MHT ever yes
Vs no

MHT <3 vs 3+
years

MHT <5 vs 5+
years

MHT <10 vs 10+
years

MHT through age
45 yes/no

CAC>0?
CAC>100°
CAC>400*

MESA>75%"

1.07 (0.83-1.39)
1.13 (0.65-1.96)
1.15 (0.39-3.34)

1.19 (0.79-1.79)

1.08 (0.85-1.43)
1.06 (0.59-1.92)
0.97(0.29-3.22)

1.13 (0.73-1.75)

1.08 (0.83-1.41)
1.11 (0.61-1.99)
0.99 (0.30-3.31)

1.18 (0.77-1.82)

1.02 (0.75-1.39)
1.07 (0.55-2.08)
0.88 (0.21-3.69)

0.98 (0.58-1.68)

1.09 (0.81-1.48)
1.02 (0.51-2.04)
0.45 (0.06-3.27)

1.20 (0.75-1.93)

* Risk of having any/moderate/severe coronary artery calcification (CAC), RRs were multivariably
adjusted for all other factors in the model: age, hypertension, dyslipidemia and timing of RRSO.

b Risk of having a MESA percentile above 75%, RRs were multivariably adjusted for all other factors in the
model: hypertension, dyslipidemia and timing of RRSO.

Table S10. Risks of increased CAC-scores according to different MHT durations in women with a

premenopausal RRSO.

Adjusted RR and 95% (CI) for different CAC-scores according to MHT use yes/no * (n=498)

MHT ever yes

vs no

MHT <3 vs 3+
years

MHT <5 vs 5+
years

MHT <10vs
10+ years

MHT through age
45 yes/no

CAC>0*
CAC>100°
CAC>400*

MESA>75%"

1.05 (0.84-1.30)
1.02 (0.62-1.70)
1.41(0.57-3.51)

1.06 (0.78-1.44)

1.27 (0.50-3.25)

1.05 (0.83-1.31)

0.94 (0.56-1.60)

1.05 (0.77-1.44)

1.00 (0.79-1.2.6)
1.03 (0.61-1.75)
1.39 (0.54-3.58)

1.05 (0.76-1.45)

0.99 (0.76-1.27)

1.12(0.37-3.34)

1.04 (0.37-3.34)

1.03 (0.72-1.47)

1.12 (0.88-1.44)
1.28 (0.75-2.20)
1.38 (0.47-4.09)

1.15 (0.81-1.64)

* Risk of having any/moderate/severe coronary artery calcification (CAC), RRs were multivariably
adjusted for all other factors in the model: age, hypertension, dyslipidemia and timing of RRSO.

b Risk of having a MESA percentile above 75%, RRs were multivariably adjusted for all other factors in the
model: hypertension, dyslipidemia and timing of RRSO.
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Abstract

Objective

Women at high familial risk of ovarian cancer are recommended to undergo
premenopausal risk-reducing salpingo-oophorectomy (RRSO), leading to immediate
surgical menopause. While early natural menopause is associated with increased
cardiovascular disease (CVD) risk, evidence on CVD risk after surgical menopause
is inconsistent.

Main outcome measures

To investigate long-term CVD risk after surgical menopause we conducted a cross-
sectional study in women who underwent a premenopausal RRSO (<45yrs) compared
with a postmenopausal RRSO (=54yrs). We assessed arterial stiffness, an established
marker of CVD risk, measured by pulse wave velocity (PWV). Age differences between
the pre- and postmenopausal RRSO groups were accounted for by restricting analyses
to women aged 60-70 at study visit (n=307). Within the premenopausal RRSO group
(n=461), we also examined the effect of timing of premenopausal RRSO on PWV
(RRSO<41 vs RRSO 41-45 years). In addition, we assessed the association between
PWV and coronary artery calcium (CAC) in women with a premenopausal RRSO.

Results

In women aged 60-70 at study visit, PWV levels were significantly lower in the
premenopausal RRSO group compared with the postmenopausal RRSO group
(B: -0.87, 95% CI, -1.45, -0.28 for PWYV level; RR: 0.47, 95% CI, 0.24, 0.93 for being in
the upper PWV quintile). Timing of premenopausal RRSO did not influence PWV.
Among all women who underwent a premenopausal RRSO, having a PWV in the
upper quintile was an independent predictor of the presence of CAC (RR 1.32, 95% CI,
1.04-1.68 for CAC>0).

Conclusion

Our study does not support a long-term adverse effect of premenopausal RRSO on
arterial stiffness. Increased arterial stiffness is associated with presence of CAC in
women after a premenopausal RRSO.
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Introduction

Women at high familial risk of ovarian cancer, such as BRCA1/2 germline pathogenic
variant (GPV) carriers, are advised to undergo risk-reducing salpingo-oophorectomy
(RRSO) at an early age before the risk of ovarian cancer increases.’ Therefore, RRSO
is recommended at ages 35 to 40 years for BRCA1 GPV carriers and at ages 40 to
45 years for BRCA2 GPV carriers, leading to surgical menopause at considerably
earlier ages than in the general population. >* Although early natural menopause has
been associated with increased cardiovascular disease (CVD) risk, the long-term
effect of surgical menopause on CVD risk is unclear. +

Increased arterial stiffness is a sign of vascular ageing and an independent predictor
for CVD in the general population. 7* Arterial stiffness is primarily influenced by
ageing and blood pressure, leading to functional changes in the vascular architecture
throughout the arterial wall, especially in the tunica media.® The gold standard for
arterial stiffness, brachial-ankle pulse wave velocity (PWV), is a relatively simple and
noninvasive test, providing additional information next to conventional CVD risk
assessment in clinical practice. ™ In addition, several studies have shown that PWV
increases more rapidly during the menopausal transition and that increased PWV is
associated with major adverse cardiovascular events in postmenopausal women. 7
However, it remains largely unknown whether early menopause leads to a long-term
increase of arterial stiffness (and subsequently increased CVD risk), or whether
it has a short-term influence that is nullified by the general effect of ageing on
arterial stiffness.

In clinical practice the use of PWV in assessment for CVD risk has been surpassed by
measurement of the coronary artery calcification (CAC) on computed tomography,
as this technique is highly reproducible with a validated assessment of individual
risk.?°** While CAC and arterial stiffness are both influenced by age and hypertension
as important risk factors, CAC is also influenced by conventional CVD risk factors
which are less involved in arterial stiffness, such as smoking, diabetes and
dyslipidemia.? In addition, the pathophysiology of CAC, atherosclerotic calcification
because of plaque forming in the coronary arteries, differs from arterial stiffness. >
Despite differences in etiology and pathophysiology, studies suggest that CAC and
PWV measurements are correlated. >

We aimed to examine the long-term effect of a premenopausal RRSO compared to
a postmenopausal RRSO on PWV measurements in a large cohort of women at high
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familial risk of ovarian cancer. In addition, we investigated whether PWV measurements
are associated with CAC scores in women who underwent premenopausal RRSO.

Methods

Study cohort

The study cohort consisted of participants of the HARMOny study, a Dutch
multicenter cross-sectional study investigating long-term effects of RRSO on CVD,
bone health, cognition and quality of life (ClinicalTrials.gov NCT03835793).* Women
were invited from the Hereditary Breast and Ovarian cancer study Netherlands
(HEBON), a nationwide cohort of women at high familial risk of breast and/or
ovarian cancer recruited from all eight Dutch University Medical Centers and the
Netherlands Cancer Institute. > Between 2018 and 2022, 1207 women were invited to
join the study: 733 women who underwent a premenopausal RRSO (<45yrs) and were
>55 years old at inclusion and 474 women who underwent a postmenopausal RRSO
(=54 years) (see Figure 1). Exclusion criteria were a history of ovarian cancer, age
>80 years, therapy-induced menopause >5 years before RRSO, metastatic disease or
a prior cardiac interventions. A history of cancer, other than ovarian cancer was not
a reason for exclusion. Women with unreliable PWV measurements were excluded.

Study assessments

The online patient questionnaire included traditional and female-specific risk factors,
medical history and medication use. During the outpatient clinic visit ambiguities
in the questionnaire were checked with the participant, or, if needed, with the
general practitioner. Anthropometric measurements were performed including
height, weight, heart rate, arterial blood pressure and aortic PWV to measure aortic
stiffness. PWV was assessed by a oscillometric device (Arteriograph, TensioMed Kft),
using an occlusive upper arm cuff to measure the time interval between the peak of
the first systolic wave and the peak of the reflected systolic wave.** CAC scores of
the heart were measured by computed tomography (CT,) using standardized local
scan protocols for Agatston scoring at the various participating medical centers.
Percentiles of the CAC score were calculated according to the Multi-Ethnic Study
of Atherosclerosis (MESA) score. * A MESA percentile above 75% was considered
high risk. Blood samples were taken to analyze non-fasting levels of lipids, glucose,
HbA1c, high-sensitivity C-reactive protein (hs-CRP) and high-sensitivity cardiac
troponin (hs-Troponin).
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Statistical analyses

The premenopausal and postmenopausal RRSO groups were compared by using the
independent samples t-test or Wilcoxon rank-sum test for continuous data and the
Fisher exact test or x2 test for categorical data; a two-sided P <0.05 was considered
significant. According to the study protocol we attempted to match the pre- and
postmenopausal RRSO groups on age at study visit. > However, because of a substantial
age difference between the premenopausal and postmenopausal RRSO groups it turned

out this was not possible. This age difference was the result of a change in the 2007
guidelines for management of ovarian cancer risk in BRCA1/2 GPV carriers, leading to a
strongly increased uptake of premenopausal RRSO. Therefore, in the current study, we
restricted the comparison of PWV between the premenopausal and postmenopausal
RRSO groups to women who were between 60-70 years old at study visit (see Figure 1).
In addition, within the entire premenopausal RRSO group we evaluated PWV in
women with an RRSO < 41 years (early premenopausal RRSO group) and women
aged 41-45 years at RRSO (late premenopausal RRSO group). Finally, we investigated
the association between PWV and CAC within the premenopausal RRSO group.

Tatal number of women
Invited: 1207

Premencpausal RRS0 Postmenopausal RRS0

[RARS0 £ 45 years): 733 [RASCY = 54 years): 474
Declined participation: 127 (17.3%) Declired participation: 170 (35.5%)
Mon-responder: 106 (14.5%) MNan-responder: 64 (13.5%)
Inchuded in HARKMOMY Included in HARMOny
study: 500 (B8.2%] study: 240 [50.6%)
Undvailablefunreliable PR 39 |l —| Unavailable/wnreliable PAWA: 13
Participants prem&napaudal Participants postmencpu sl
RASO groug: $61° RRSO group: 227
Premenopausal AR50 ard Postmenopaussl RRSD and
age 6O-T0 an study visit: 189" agie G0-70 at stwdy visit: 118"

Figure 1. Flowchart participation HARMOny study.

* Comparison PWV scores between premenopausal and postmenopausal RRSO group aged 60-70 at study
visit. > Entire premenopausal RRSO group used for assessment of the association between PWV and CAC.
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We performed multivariable linear regression analyses to calculate regression
coefficients for the increase of PWV associated with timing of RRSO. In addition,
we used Poisson regression analysis to calculate relative risks (RRs) of having a high
PWV (upper quintile of the study population). The cut-offs used for CAC related
outcomes were presence of CAC (CAC>0) or having a MESA percentile above 75%.
Variables assessed as possible confounders were: age at study visit, current or ever
smoking, alcohol use, ever use of menopausal hormone therapy (MHT), history
of breast cancer, history of internal mammary chain (IMC) irradiation, body mass
index (BMI), diabetes mellitus (use of anti-diabetic medication), hypertension (either
antihypertensive medication, a systolic blood pressure >140mmHg or a diastolic
blood pressure >9ommHg) and dyslipidemia (either lipid-lowering medication
or LDL cholesterol >4.0 mmol/L). A variable was considered a confounder if the
coefficient estimate for the association of interest was affected by at least 10% when
added to the model. All statistical analyses were performed using STATA version 15.1
(StataCorp LLC, College Station, TX).

Results

Participant characteristics of the entire HARMOny study population are provided in
the supplements (Table S1).

Participant characteristics of women aged 60-70 at study visit

We included 307 women aged 60 to 70 at study visit (189 in the premenopausal
RRSO group, 118 in the postmenopausal RRSO group, Table 1.). Median time
since premenopausal RRSO was 21.1 years (IQR 18.3-23.3) and median time since
menopause in the postmenopausal RRSO group was 15.5 years (IQR 12.7-18.2). The
large majority carried a BRCA1/2 GPV (69.4% in the premenopausal RRSO group
and 67% in the postmenopausal group). Women in the premenopausal RRSO group
more often had a history of MHT use or internal mammary chain (IMC) radiotherapy,
and less often had hypertension compared with the postmenopausal RRSO group
(30.9% vs 6.4% for ever MHT use, 8.3% vs 2.6% for IMC radiotherapy, 51.9% vs 66.9%
for hypertension). Other CVD risk factors were comparable between both groups.
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Table 1. Patient characteristics of women aged 60-70 at study visit (n=307).

Age 60-70 Premenopausal ~ Age 60-70 Postmenopausal  p-value

RRSO (RRSO <45) RRSO (RRSO=>54)
N=189 N=118

Age at study visit, years 62.1(60.7-64.3) 66.6 (65.0-68.5) <0.001
Age at menopause, years 42..0 (40.0-44.0) 51.0 (50.0-54.0) <0.001
BRCA GPV carrier status <0.001

BRCA1 51.9% 29.7%

BRCA2 17.5% 37.3%

Non-carrier of BRCA1/2 30.7% 33.1%
Ever MHT use 30.9% 6.4% <0.001
Breast cancer 61.4% 58.5% 0.61

Radiotherapy 39.2% 37.3% 0.74

IMC radiotherapy 8.3% 2.6% 0.043

Chemotherapy 43.9% 36.4% 0.20
Endocrine therapy 20.1% 22.0% 0.69
Smoking 0.080

Active smoker 9.5% 5.1%

Former smoker 52.4% 44.9%

Never 38.1% 50.0%
Alcohol use 58.2% 52.5% 0.33
Regular physical exercise 73.5% 78.8% 0.30
Family history of myocardial 33.0% 34.2% 0.83
infarction <65yrs
BMI, kg/m?* 25.1(22.6-28.7) 25.4(23.2-28.7) 0.66
Systolic blood pressure, nmHg 136.4 (17.4) 144.3 (15.3) <0.001
Diastolic blood pressure, nmHg 77.5 (12.0) 81.1(11.2) 0.009
Total cholesterol, mmol/L 5.6 (1.0) 5.6 (1.4) 0.83
LDL cholesterol, mmol/L 3.3(0.9) 3.4 (1.2) 0.43
HDL cholesterol, mmol/L 1.8 (0.4) 1.7 (0.6) 0.40
Triglycerides, mmol/L 1.5 (1.1-2.1) 1.5 (1.1-1.9) 0.55
Glucose, mmol/L 6.2 (1.6) 6.2 (1.4) 0.98
Antihypertensive medication 28.0% 22.9% 0.32
Lipid lowering medication 18.0% 18.6% 0.89
Diabetes Mellitus 9.0% 8.5% 0.86

Hypertension® 51.9% 66.9% 0.009
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Table 1. Continued

Age 60-70 Premenopausal  Age 60-70 Postmenopausal  p-value

RRSO (RRSO <45) RRSO (RRSO>54)
Dyslipidemia™ 40.2% 49.2% 0.12
Pulse Wave Velocity (PWV), m/s 10.2 (1.9) 11.1(1.8) <0.001
PWYV > 80 percentile 14.8% 27.1% 0.009

Values are numbers with percentages (No. (%)) for categorical variables, means with standard deviation for
normal distributed variables, and medians with interquartile range for variables with a skewed distribution.
P-value was calculated using independent samples t-test, X2 test and Mann-Whitney U test.Abbreviations:
GPV, pathogenic variant; MHT, menopausal hormone therapy; IMC, internal mammary chain; BMI, body mass
index; LDL, low density lipoprotein; HDL, high density lipoprotein; PWV, pulse wave velocity.* Hypertension:
either antihypertensive medication, a systolic blood pressure >140mmHg or a diastolic blood pressure
>9ommHg.**Dyslipidemia: either lipid lowering medication or a LDL cholesterol >4.0.

Pulse wave velocity after premenopausal vs postmenopausal RRSO in
women aged 60-70 years

In univariate analyses, women who underwent premenopausal RRSO had lower PWV
levels compared with women who underwent postmenopausal RRSO (10.2 vs 11.1 m/s,
respectively). Multivariable adjusted linear regression analyses showed that after
adjustment for age, hypertension and ever MHT use, women in the premenopausal
RRSO group had significantly lower PWV levels compared with the postmenopausal
RRSO group (B: -0.87, 95% CI, -1.45, -0.28; Table 2). The RR of having a PWV in the
upper quintile was significantly lower in the premenopausal RRSO group compared
with the postmenopausal RRSO group (RR: 0.47, 95% CI, 0.24, 0.93). As expected,
hypertension was a strong risk factor for higher PWV levels. Remarkably, in both
analyses MHT use was an independent risk factor for higher PWV levels. Adding IMC
radiotherapy to the model did not affect the outcomes (results not shown).

Table 2. Influence of premenopausal RRSO compared with postmenopausal RRSO on PWV (continuous
and PWV in the upper quintile yes/no) in women aged 60-70 at study visit.

B regression coefficient RR PWYV upper quintile yes/no
(95% CI)* (95% CI)**
RRSO<45years vs RRSO>54 years -0.87(-1.45, -0.2.8) 0.47 (0.24-0.93)
Hypertension 1.03 (0.62,1.45) 2.64 (1.47-4.73)
Ever MHT use 0.61(0.10,1.13) 1.88 (1.09-3.22)

Abbreviations: CI, confidence interval; RRSO, risk-reducing salpingo-oophorectomy; PWV, pulse wave
velocity; MHT, menopausal hormone therapy; RR, relative risk.*Results of linear regression analysis
(adjusted for all factors in the model simultaneously: PWV, age, hypertension and MHT use).**Results of
Poisson regression analysis (adjusted for all factors in the model simultaneously: PWV, age, hypertension
and MHT use.
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Pulse wave velocity according to timing of premenopausal RRSO

In multivariable regression analyses, timing of premenopausal RRSO (<41yrs vs
41-45yrs) did not significantly influence PWV levels (B: -0.16, 95% CI, -0.55, 0.23) or
RR of having a PWV in the upper quintile (RR: 0.73, 95% CI, 0.45-1.19; Table 3). Again,
hypertension and MHT use were associated with higher PWV levels.

Table 3. Influence of timing of premenopausal RRSO and other risk factors on PWV (continuous or PWV
in the upper quintile (yes/no) in women with a premenopausal RRSO.

PWV B regression coefficient RR PWYV upper quintile yes/no
(95% CD)* (95% CI)**

RRSO<41vs RRSO 41-45 years -0.16 (-0.55, 0.23) 0.73 (0.45-1.19)

Hypertension 0.95(0.59,1.31) 1.87(1.23-2.84)

Ever MHT use 0.44 (0.03,0.84) 1.69 (1.08-2.26)

Abbreviations: CI, confidence interval; RRSO, risk-reducing salpingo-oophorectomy; PWYV, pulse wave
velocity; MHT, menopausal hormone therapy; RR, relative risk. *Results of linear regression analysis
(adjusted for all factors in the model simultaneously: PWV, age, hypertension and MHT use).”*Results of
Poisson regression analysis (adjusted for all factors in the model simultaneously: PWV, age, hypertension
and MHT use).

Pulse wave velocity and coronary artery calcium after a premenopausal RRSO
Among the 461 women in the entire premenopausal RRSO group, 460 had an available
CAC score. Median age at study was 58.9 years. 43.5% of the women had presence of
CAC (CAC>0), and 29.8% had a MESA score above 75% (Table S1). Among women with
a premenopausal RRSO, presence of CAC was more prevalent in women with a PWV
in higher quintiles (Figure 2). In multivariable regression analyses, we found that
higher PWYV levels were significantly associated with having any CAC; every 1.0 m/s
increase in PWV led to a 7% increase in risk of presence of CAC (RR:1.07, 95% CI, 1.02-
1.13 for presence of CAC Table 4). Higher PWV levels were also associated with higher
continuous CAC scores (f: 0.12 95% CI 0.01-0.23). We observed a non-significant
association between higher PWV levels and a MESA score above 75% (RR: 1.07, 95%
CI, 0.99-1.15). Women with a PWV level in the upper quintile had a 32% increased
risk of presence of CAC compared with women with a PWV in the other quintiles
(RR:1.32, 95% CI, 1.04-1.68). However, we did not find an association between a PWV
in the upper quintile and continuous CAC scores or a MESA score above 75%. Adding
IMC radiotherapy or other conventional CVD risk factors to the model did not affect
our risk estimates (Supplement Table S2-3).
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CAC score distribution by PWV quintile
100%
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mNo CAC mCAC>0

Figure 2. Distribution of CAC scores by PWV quintile in women with a premenopausal RRSO (N=460)

CAC: coronary artery calcification, PWV: pulse wave velocity.
PWV measured in m/s.

Table 4. Association between PWV level (continuous or PWV in upper quintile yes/no) and different
measures of CAC in women with a premenopausal RRSO (N=460).

Log (CAC+1) CAC>0® MESA score>75%"°
n 460 200 137
Adjusted B (95% CI) Adjusted RR (95% CI)
PWYV continuous 0.12 (0.01-0.23) 1.07 (1.02-1.13) 1.07 (0.99-1.15)
PWV in upper quintile 0.37(-0.16-0.91) 1.32 (1.04-1.68) 1.21 (0.84-1.72)

(yes/no)

Abbreviations: CI, confidence interval; RR, relative risk; PWV, pulse wave velocity; CAC, coronary artery

calcification, MESA, Multi-Ethnic Study of Atherosclerosis.

* Linear regression analyses adjusted for all factors in the model simultaneously (PWYV, age, hypertension,
dyslipidemia and ever menopausal hormone therapy).

b Poisson regression analyses adjusted for all factors in the model simultaneously (PWYV, age,
hypertension, dyslipidemia and ever menopausal hormone therapy).

¢ Poisson regression analyses adjusted for age for all factors in the model simultaneously (PWV, hypertension,
dyslipidemia and ever menopausal hormone therapy). MESA percentile already corrects for age.
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Discussion

In this cross-sectional study, we assessed arterial stiffness in women with a
premenopausal RRSO compared with women who underwent a postmenopausal
RRSO. After adjusting for age, hypertension and MHT use, we observed no increased
PWYV levels in women with a premenopausal RRSO compared with women who
underwent postmenopausal RRSO. On the contrary, we found that women in the

premenopausal RRSO group appeared to have lower PWV levels compared with the
postmenopausal RRSO group. Furthermore, an early premenopausal RRSO before
the age of 41 years, compared to an RRSO between ages 41 and 45 years was not
associated with increased PWV levels.

PWYV after surgical menopause

Although previous studies showed that women experience a short-term acceleration
of the age-related increase of PWV after menopause, this effect might be attenuated
by ageing when assessing long-term PWV after surgical menopause. *7* Our results
are consistent with a recent study by Van Bommel et al, showing no increased PWV
levels in women who underwent a premenopausal RRSO compared with a reference
population. * That does not rule out the possibility that surgical menopause
leads to increased CVD risk because of other pathways, such as atherosclerosis.
However, previous analysis in our own cohort showed no increased CAC scores
after a premenopausal RRSO, rendering this hypothesis less likely. * As a whole,
studies investigating the long-term effects of surgical menopause on CVD are
either inconclusive because of methodological limitations or show no difference
(in predictors of) CVD risk. These results are in contrast with ample evidence that
early natural menopause is associated with increased CVD risk. ***” The differences
found in long-term effects of surgical vs early natural menopause on CVD risk could
be explained by a reverse causality hypothesis, postulating that ovarian dysfunction
causing early natural menopause is the result of the same process of accelerated
vascular ageing found in CVD. * If this hypothesis were true, no increased risk of
CVD would be expected after surgical menopause. The current study supports this
hypothesis. For future studies it would be interesting to assess long-term effects of
early natural menopause on arterial stiffness.

Remarkably, women who underwent postmenopausal RRSO had even higher PWV
levels compared with women who underwent premenopausal RRSO. This surprising
outcome might be explained by differences in lifestyle. Recent studies showed
that BRCA1/2 GPV carriers who underwent a premenopausal RRSO had a more
favorable coronary heart disease risk profile, including less hypertension, abdominal
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obesity, metabolic syndrome and more physical activity compared with reference
populations, suggesting a more healthy lifestyle. **° In our study, (history of) MHT
use was associated with higher PWYV levels, especially in the premenopausal RRSO
group. If estrogen deficiency after early menopause would cause increased arterial
stiffness, one would have expected lower PWV levels in (former) MHT users, instead
of the higher PWV levels we found. Since data on duration and type of MHT use were
largely missing, we were not able to investigate possible explanations in our data.
Studies show that women with vasomotor symptoms, the most frequent reason for
prescribing MHT, are at increased risk for (subclinical) CVD, therefore these findings
are most likely caused by confounding by indication for MHT. * Omitting MHT as
a confounder in our analyses, or sensitivity analyses in women without a history of
MHT use did not change the outcomes (results not shown).

Associations between arterial stiffness and subclinical atherosclerosis

We found that higher PWV levels were associated with increased CAC scores in
women who underwent a premenopausal RRSO. These results are consistent with
current literature investigating this association in the general population. %
Furthermore, adding other CVD risk factors to the model did not substantially
influence the outcome, suggesting that PWV is an independent predictor for CAC
(Supplement Table S2-3). Therefore, PWV measurement might be a viable non-
invasive (cheap, quick and less radiation) option when screening asymptomatic
women for CVD, including women with an early menopause.” Future studies should
further investigate the health benefits and cost effectiveness of the use of arterial
stiffness measurement in CVD risk assessment of postmenopausal women.

Strengths and Limitations

The strengths of our nationwide study include the long-term follow-up after
premenopausal RRSO and the use of a comparison group of women who also
underwent RRSO, but at a later age. By excluding women who underwent RRSO
between the ages of 46 to 54 years we were able to make a more distinct evaluation of
the differences in CVD risk between the premenopausal and postmenopausal RRSO
groups. In contrast with other studies, the comparisons made in our study are not
affected by confounding by indication for bilateral oophorectomy. Another strength
of our study concerns the standardized PWV measurements, made during the same
hospital visit as the CAC measurement. Other studies have a relatively long time (up
to 1 year) between both measurements. The participation rate of our study was high
(60.7%), considering the relatively long time since RRSO at study visit. A limitation
of our study is the missing data about duration and type of MHT use, limiting our
ability to investigate possible explanations for the observed association between
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MHT use and increased PWYV levels. Another limitation of our study is the difference
in age between the premenopausal and postmenopausal RRSO groups in the entire
study population. However, we could address this limitation by restricting our study
population to women aged 60-70 years old at study enrolment. In addition, we could
use the entire premenopausal RRSO group to assess the association between timing
of a premenopausal RRSO (<41 years vs 41-45 years) and arterial stiffness. Another
potential limitation of this study might be survival bias because CVD-related death
after RRSO might have occurred before recruitment to the HARMOny study. As our
study was nested in the HEBON cohort, we had the opportunity to obtain causes of
death from Statistics Netherlands for all women who were otherwise eligible for our
study but died before possible inclusion. ** Only 1.9% of these women died because
of a cardiovascular event. Unsurprisingly, the most frequent cause of death was
cancer (87.6%).

Conclusion

Our study does not support a long-term adverse effect of surgical menopause on arterial
stiffness. Arterial stiffness is associated with increased CAC scores independent of
conventional risk factors and could be a useful tool in CVD risk assessment in women
who underwent surgical menopause.
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Supplements

Table S1. Participant characteristics of the premenopausal RRSO group in the entire study.

Premenopausal RRSO (RRSO <45)

N=460

Age at study visit, years
Age at menopause, years
BRCA PV carrier status
BRCA1 germline mutation
BRCA2 germline mutation
Non-carrier of BRCA1/2
MHT use
Breast cancer
Radiotherapy
Parasternal radiotherapy
Chemotherapy
Endocrine therapy
Smoking
Active smoker
Former smoker
Never
Alcohol use
Regular physical exercise
Family history of myocardial infarction <65yrs
BMI, kg/m?
Systolic blood pressure, nmHg
Diastolic blood pressure, nmHg
Total cholesterol, mmol/L
LDL cholesterol, mmol/L
HDL cholesterol, mmol/L
Triglycerides, mmol/L
Glucose, mmol/L

Antihypertensive medication

58.9(57.0-61.7)

42.0 (40.0-44.0)

48.2%
20.0%
31.9%
31.7%
59.0%
37.3%
8.6%
45.1%

22.6%

9.8%
40.6%
49.7%
47.5%
73.8%
31.1%
25.1(22.7-28.9)
134.1(17.4)
77.3 (12.1)
5.6 (1.0)
3.3(0.9)
1.7 (0.5)
1.5 (1.1-2.1)
6.0 (1.5)

19.7%
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Table S1. Continued

Premenopausal RRSO (RRSO <45)

N=460
Lipid lowering medication 12.1%
Diabetes 6.1%
Hypertension* 44.5%
Dyslipidemia*™* 36.4%
Pulse Wave Velocity 10.2 (2.0)
CAC>0 43.5%
MESA score >75 29.8%

Values are numbers with percentages (No. (%)) for categorical variables, means with standard deviation
for normal distributed variables, and medians with interquartile range for variables with a skewed
distribution. P-value was calculated using independent samples t-test, X2 test and Mann-Whitney U test.
Abbreviations: GPV, pathogenic variant; MHT, menopausal hormone therapy; IMC, internal mammary
chain; BMI, body mass index; LDL, low density lipoprotein; HDL, high density lipoprotein; MESA,
Multi-Ethnic Study of Atherosclerosis; CAC, Coronary Artery Calcium.*Hypertension: either
antihypertensive medication, a systolic blood pressure >140ommHg or a diastolic blood pressure
>9ommHg.**Dyslipidemia: either lipid lowering medication or a LDL cholesterol >4.0.

Table S2. Association between having a PWV in the upper quintile (yes/no) and different measures of
CAC in women with a premenopausal RRSO.

Log (CAC+1) CAC>oP MESA score>75%°
n 460 200 137
PWYV in upper quintile Adjusted [ (95% CI) Adjusted RR (95% CI)
(yes/no)
Age-adjusted model 0.15 (0.05-0.25) 1.63 (1.25-2.13) 1.79 (1.14-2.80)
Model 1 0.39 (-0.16-0.89) 1.29 (1.02-1.63) 1.21 (0.84-1.72)
Model 2 0.32(-0.20-0.83) 1.25 (1.00-1.57) 1.18 (0.84-1.67)
Model 3 0.35(-0.17-0.88) 1.25 (1.00-1.58) 1.20 (0.84-1.70)

Abbreviations: CI, confidence interval; RR, relative risk; PWV, pulse wave velocity; CAC, coronary artery
calcification, MESA, Multi-Ethnic Study of Atherosclerosis.

Model 1. Adjusted for PWV in upper quintile, age, hypertension, dyslipidemia and history of
IMC radiotherapy.

Model 2. Adjusted for PWV in upper quintile, age, hypertension, dyslipidemia, current smoking, BMI>30
and diabetes.

Model 3. Adjusted for PWV in upper quintile, age, hypertension, dyslipidemia, MHT use, history of IMC
radiotherapy, current smoking, BMI>30 and diabetes.
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Table S3. Association between PWV level (continuous) and different measures of CAC in women with a
premenopausal RRSO.

Log (CAC+1) CAC>0P MESA score>75%°
n 460 200 137
PWYV continuous Adjusted B (95% CI) Adjusted RR (95% CI)
Age-adjusted model 0.15 (0.05-0.25) 1.09 (1.04-1.14) 1.06 (0.99-1.14)
Model1 0.10 (0.00-0.21) 1.07 (1.01-1.13) 1.06 (0.98-1.14)
Model 2 0.10 (0.00-0.21)) 1.06 (1.01-1.12) 1.06 (0.98-1.14
Model 3 0.10 (0.00-0.21) 1.06 (1.01-1.12) 1.06 (0.98-1.14)

Abbreviations: CI, confidence interval; RR, relative risk; PWV, pulse wave velocity; CAC, coronary artery
calcification, MESA, Multi-Ethnic Study of Atherosclerosis.

Model 1. Adjusted for PWV level, age, hypertension, dyslipidemia and history of IMC radiotherapy.
Model 2. Adjusted for PWV level, age, hypertension, dyslipidemia, current smoking, BMI>30 and diabetes.
Model 3. Adjusted for PWV level, age, hypertension, dyslipidemia, MHT use, history of IMC radiotherapy,
current smoking, BMI>30 and diabetes.
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Abstract

Purpose

To prevent ovarian cancer, BRCA1/2 germline pathogenic variant carriers are
recommended to undergo premenopausal risk-reducing salpingo-oophorectomy
(RRSO). Premenopausal RRSO leads to immediate menopause, which has been
associated with an acute phase of rapid bone loss. However, data on long-term bone
mineral density (BMD) is scarce and inconclusive. We aimed to investigate long-term
BMD after premenopausal RRSO.

Methods

We conducted a cross-sectional study nested in a nationwide cohort of women
at high familial risk of ovarian cancer. We compared 493 women who underwent
premenopausal RRSO (<45 years) with 228 women who underwent postmenopausal
RRSO (>54years). BMD was assessed by Dual-Energy X-ray absorptiometry of the
lumbar spine (LS) and femoral neck (FN). Age differences between the pre- and
postmenopausal RRSO groups were accounted for using Z-scores.

Results

Median age at study visit was 59.2 years in the premenopausal RRSO group and
69.7 years in the postmenopausal RRSO group (P<0.001), median time since
premenopausal RRSO was 18.1 years (IQR 15.3-21.3). In multivariable regression
analyses the BMD Z-scores of the LS and FN were significantly lower for the
premenopausal compared with the postmenopausal RRSO group (B -0.88, 95%
CI, -1.10,-0.66 for LS; p -0.51, 95% CI, -0.71,-0.31 for FN). Relative risks (RRs) of
having a Z-score <-1.0 were also higher in the premenopausal compared with
the postmenopausal RRSO group (RR 2.35, 95% CI, 1.26-4.40 and RR 1.84, 95% CI,
1.08-3.13, respectively).

Conclusion

Premenopausal RRSO appears to be associated with long-term reduction of BMD
Z-scores, emphasizing the importance of counseling women about bone health after
premenopausal RRSO.
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Introduction

To prevent ovarian cancer, current guidelines for BRCA1/2 germline pathogenic
variant (GPV) carriers recommend risk-reducing salpingo-oophorectomy (RRSO)
before natural menopause.’ Women are advised to undergo RRSO after completion
of child bearing, preferably at ages 35 to 40 years for BRCA1 GPV carriers and at
ages 40 to 45 years for BRCA2 GPV carriers. Although leading to a 96% reduction
for ovarian cancer risk, RRSO also induces immediate surgical menopause at a
considerably earlier age than in the general population. *>? Early natural menopause
has been associated with various adverse long-term effects including decreased bone

mineral density (BMD) and subsequently increased fracture risk.+* However, studies
investigating the effect of surgical menopause on BMD in BRCA1/2 GPV carriers, are
scarce and showed inconsistent results.

Estrogen deficiency is the main cause of bone loss after menopause, which may lead
to osteopenia or osteoporosis and an increased risk of fractures. ¢ Studies suggest a
perimenopausal peak of bone loss of especially the lumbar spine (LS), with a more
gradual decline of BMD after 4-5 years.” Two recent longitudinal studies showed a
significantly lower BMD in BRCA1/2 GPV carriers who underwent premenopausal
RRSO compared with carriers who underwent postmenopausal RRSO or no RRSO at
all. However, these studies had a median follow-up after RRSO of 3 years or less, so
it remains unclear whether these effects persist over time. *®° Cross-sectional studies
investigating the effects of premenopausal RRSO on BMD in BRCA1/2 GPV carriers
(median follow-up 4-6 years) showed inconsistent results. *'* In addition, studies
not restricted to BRCA1/2 GPV carriers suggest that the long-term impact of early
menopause on BMD might be attenuated at older age. ™ The long-term effects of
premenopausal RRSO on bone health are important because the risk of especially
osteoporotic hip fractures and subsequent morbidity and mortality increases sharply
with age.”

Because of the high morbidity and mortality after osteoporotic fractures, especially
in the elderly, more insight into the long-term effects of surgical menopause on BMD
and fracture risk is required. This study aimed to investigate the long-term effects
of premenopausal RRSO in a large Dutch cohort of women at high familial risk for
breast and ovarian cancer.



78 | Chapter 4

Methods

Study cohort

This study is part of the HARMOny study (ClinicalTrials.gov NCT03835793): a Dutch
multicenter cross-sectional study investigating long-term effects of RRSO on
cardiovascular disease, bone health, cognition and quality of life. The study design
has been described in detail previously.® Women were selected from the Hereditary
Breast and Ovarian cancer study Netherlands (HEBON study): a nationwide cohort of
women at high familial risk of breast and/or ovarian cancer recruited from all eight
Dutch University Medical Centers and the Netherlands Cancer Institute (NKI). "
Between 2018 and 2022 a total of 1207 women were invited to join the study: 733
women who underwent a premenopausal RRSO (<45 years) and were older than 55
years at inclusion (premenopausal RRSO group) and 474 women who underwent
a postmenopausal RRSO (>54years) and were older than 55 years at inclusion
(postmenopausal RRSO group). Exclusion criteria were a history of ovarian cancer,
age over 80 years old, therapy-induced menopause >5 years before RRSO, metastatic
disease or inability to (accurately) assess BMD. A medical history of cancer, other
than ovarian cancer, was not a reason for exclusion.

Study assessments

Participation in the HARMOny study consisted of a clinical visit and an extensive
online questionnaire. Among the bone health related topics included in the online
questionnaire were current alcohol use, smoking, physical activity, medical history
(including cancer treatment history) and medication and/or hormone use. During
the outpatient clinic visit the completed questionnaire was discussed with the
participants and ambiguities were checked with the participant, in the medical file or
with the general practitioner. The results of all measurements were discussed by phone
with the individual participants and a letter with the results was sent to their general
practitioners. The clinical visit included measurement of the BMD and vertebral
fracture assessment (VFA), blood sampling and an outpatient clinic visit with the
research physician for anthropometric measurements including height and weight to
calculate body mass index (BMI). 10-year risk of major osteoporotic fracture and hip
fracture based on risk factors (without BMD) were calculated using FRAX calibrated
for the Dutch population.*® A Dual-Energy X-ray absorptiometry (DXA) scan of the
lumbar spine (LS) and femoral neck (FN) was used to calculate absolute BMD, T-scores
and Z-scores of the L1-L4 vertebral bodies and femoral neck. BMD measurements from
different DXA-scanners were converted using standard reference methods.* Presence
of a low Z-score was defined as having a Z-score <-1.0. Presence of osteopenia was
defined as having a T-score between -1.0 to -2.5 and presence of osteoporosis was
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defined as having a T-score <-2.5, in accordance with the World Health Organization
guidelines using the NHANES database. *° Presence of decreased BMD was defined
as having either osteopenia or osteoporosis (T-score <-1.0). A vertebral fracture was
defined as having a vertebral fracture of grade 2 or higher.

During the visit non-fasting blood samples were taken, that were analyzed for calcium,
albumin, phosphate, creatinine and 25-hydroxyvitamin D (250HD) levels. Estimated
glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation. ?* Chronic kidney disease (CKD)
was defined by estimated glomerular filtration rate (eGFR) <60 ml/min/1.73m>.

Serum calcium levels were corrected for albumin using the formula: serum calcium +
0.02(41 - serum albumin). Bone turnover markers (BTM) may predict future fracture
risk in postmenopausal women independent of BMD. * Studies show that serum
beta-C-terminal collagen crosslink (B-CTX) as a marker for bone resorption and
serum N-terminal procollagen type 1 (P1NP) as a marker for bone formation are the
most sensitive BTM after surgical menopause, therefore, we used these reference

markers to measure bone turnover. >2¢

Statistical analyses

The premenopausal and postmenopausal RRSO groups were compared by using the
independent samples t-test or Wilcoxon rank-sum test for continuous data and the
Fisher exact test or x2 test for categorical data, a two-sided P <0.05 was considered
significant. According to the study protocol we attempted to match the pre- and
postmenopausal RRSO groups on age at study visit. ® During the inclusion period
it turned out this was not possible because of a substantial age difference between
the premenopausal and postmenopausal RRSO groups. This age difference was
caused by a change in the 2007 guidelines for management of ovarian cancer risk
in BRCA1/2 GPV carriers, leading to a strongly increased uptake of premenopausal
RRSO. ™ Therefore, when evaluating the BMD of the entire study population, we
only assessed the Z-scores of the LS and FN, because Z-scores are already adjusted
for age. Using multivariable linear regression analysis we calculated regression
coefficients of Z-scores, furthermore, we used Poisson regression analysis to
calculate relative risks (RRs) of having a low Z-score (Z-score<-1.0). To assess other
outcomes not adjusted for age, including prevalence of osteopenia/osteoporosis
(T-score <-1.0) and self-reported fractures in the last year, we performed subgroup
analyses on women aged 60-70 years at study visit (the age range that overlapped
between the pre- and postmenopausal RRSO groups). In addition, we performed
analyses within the entire premenopausal RRSO group to evaluate the prevalence of
osteopenia/osteoporosis (T-score <-1.0) and Z-scores in women with an RRSO before
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age 41 (early premenopausal RRSO group) and women aged 41-45 years at RRSO
(late premenopausal RRSO group). Variables assessed as potential confounders
were: age at study, BMI, current smoking, current alcohol use, ever menopausal
hormone therapy (MHT) use, history of breast cancer, history of chemotherapy, ever
use of corticosteroids (both systemic and inhaled) >3 months, current antiresorptive
medication (AR) use, current vitamin D and/or calcium supplements use, parent with
hip fracture, self-reported rheumatoid arthritis, vitamin D deficiency and CKD. A
variable was considered a confounder if the regression coefficient estimate for the
association of interest was changed by more than 10% when adding the variable to

the model.
Total numiber of womssn
inwited: 1203
Pramencpausal RSO (RRSO Postmencpausal RRS0 (RRS0
£ 45 years): 712 5 pears)i 4TS
Declined participation: 124 [17.0%) Declined participations 171 | 36.0%)
Man-respondar 104 [14.3%) Mon-rasponder: 64 [11.5%)
Imcludad in HARMO Ay Incihudad in FARMORY SRy
study: 500 (68.7%] 240 (50.5%)
Unawalable funreliable DxA-scan: T ] — _-.||.I||xvuilr|hh-|l'||r|lr|uhhl DA peean: 13
Parficipants premanopausal Parficipants postmenopausal
RRASO group: 4938 RRSO growup: 22EY

Premenopausal RESD and
age 010 a8 Sudy: 2088

Postmenopasal RRSO and
age 6070 At Pudy vl 1238

Figure 1. Flowchart participation HARMOny study.

* Entire study population, used for analyses Z-scores only because of large age difference.

b Overlapping age group 60-70 years at study, used for analyses into the prevalence of either osteopenia/
osteoporosis (T-score<-1.0).
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Results

During the inclusion period 721 participants gave written informed consent
(response 61.5%), of whom 493 in the premenopausal RRSO group and 228 in the
postmenopausal RRSO group. (See Figure 1.) Median age was 59.2 years in the
premenopausal RRSO group and 69.7 years in the postmenopausal RRSO group (See
Table 1). Median time since premenopausal RRSO was 18.1 years (IQR 15.3-21.3). Both
groups were comparable for BRCA1/2 GPV carrier status, history of breast cancer,
BMI and current AR use. Compared with the postmenopausal RRSO group, women
in the premenopausal RRSO group were significantly more often current smokers
(9.7% vs 3.5%, P=0.005) and more often had a history of MHT use (29.7% vs 10.5%,
P<0.001) and chemotherapy (45.4% vs 34.8%, P=0.007). Because of the substantial age

difference between both groups, the 10-year estimated risk of major osteoporotic and
hip fractures based on risk factors was lower in the premenopausal compared with
the postmenopausal RRSO group (both P<o.001).

Table 1. Participant characteristics of the premenopausal and postmenopausal RRSO groups.

Premenopausal RRSO  Postmenopausal RRSO  p-value

(RRSO <45) (RRSO2>54)
N=493 N=228

Age at study visit, years 59.2.(57.6-62.1) 69.7 (67.0-73.1) <0.001
Age at menopause, years 42..0 (40.0-44.0) 51.0 (50.0-53.0) <0.001
Time since RRSO, years 18.1(15.3-21.3) 11.6 (10.1-13.8) <0.001
BRCA GPYV carrier status 0.38

BRCA1 germline mutation 48.1% 29.4%

BRCA2 germline mutation 19.3% 34.7%

Non-carrier of BRCA1/2 32.6% 35.9%
MHT use 29.7% 10.5% <0.001
Smoking 0.86

Never 49.5% 45.2%

Former smoker 40.8% 51.3%

Current smoker 9.7% 3.5%
Alcohol use (>1 drinks daily) 54.4% 50.0% 0.28
Daily sitting time, hours 6.1(2.7) 5.7(2.3) 0.08

Weekly sport time, hours 1.5 (0-3) 2.0 (0-3) 0.36
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Table 1. Continued

Premenopausal RRSO  Postmenopausal RRSO  p-value
(RRSO <45) (RRSO>54)
N=493 N=228

BMI, kg/m?* 25.2.(22.7-28.9) 24.9 (22.8-28.4) 0.22
Breast cancer 59.6% 66.2% 0.090
Radiotherapy 37.9% 40.4% 0.54
Chemotherapy 45.4% 34.8% 0.007
Endocrine therapy 23.1% 21.8% 0.69
Parent with hip fracture 11.8% 15.0% 0.23
Self-reported rheumatoid arthritis 12.7% 15.3% 0.33
Current supplement use

Vitamin D alone 30.2% 40.2% 0.009

Calcium alone 1.5% 0.5% 0.25

Calcium and vitamin D 37.1% 30.2% 0.087
Corticosteroids use >3 months 17.0% 17.7% 0.82
Current antiresorptive medication 7.1% 5.9% 0.54
Calcium, mmol/L 2.5(0.1) 2.5(0.1) 0.25
Albumin, g/L 46.9 (2.7) 46.1(3.3) <0.001
Phosphate, mmol/L 1.2 (0.2) 1.2 (0.2) 0.11
Creatinine, nmol/L 67.6 (12.0) 68.3 (12.3) 0.48
eGFR, ml/min/1.73m* 63.3(5.9) 62.9 (6.2) 0.38
CKD* 15.0% 14.3% 0.80
10yr risk osteoporotic fracture, % 8.1(6.7-11.0) 12.0 (10.0-17.0) <0.001
10yr risk hip fracture, % 1.3 (0.9-2.4) 3.4 (2.1-5.7) <0.001

Values are numbers with percentages for categorical variables, means with standard deviation for
normal distributed variables, and medians with interquartile range for variables with a skewed
distribution. P-value was calculated using independent samples t-test, X2test and Mann-Whitney U test.
PV, pathogenic variant; MHT, menopausal hormone therapy; BMI, body mass index; BMD, bone mineral
density; eGFR, estimated glomerular filtration rate; *CKD, chronic kidney disease (eGFR<60).
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BMD after premenopausal vs postmenopausal RRSO

Table 2 shows univariate analyses of the main outcomes for the premenopausal
and postmenopausal RRSO groups. Z-scores of the LS and FN were lower among
women in the premenopausal RRSO group compared with the postmenopausal
RRSO group. The prevalence of osteopenia/osteoporosis of either the LS or FN based
on T-score <-1.0 was higher in the premenopausal RRSO group compared with the
postmenopausal RRSO group; however this difference was not significant (70.8% vs
67.3%, P=0.34). In multivariable linear regression analyses, women who underwent
premenopausal RRSO had significantly lower Z-scores of both the LS and the FN
compared with women who underwent postmenopausal RRSO ( -0.88, 95% CI,
-1.10, -0.66 for LS; B -0.51; 95% CI -0.71, -0.31 for FN, Table 3). A higher BMI and
ever MHT use were associated with significantly higher Z-scores of both the LS and
FN. Current smokers had significantly lowered Z-scores of the FN, compared with
former or never smokers. Figure 2 shows that, in multivariable Poisson regression
analyses, women who underwent premenopausal RRSO had increased RRs for having
a low Z-score (<-1.0) compared with women who underwent postmenopausal RRSO
(RR 2.35, 95% CI, 1.26-4.40 for LS; RR 1.84 95% CI, 1.08-3.13 for FN; RR 2.05, 95% CI,
1.30-3.25 for LS or FN). Including history of chemotherapy in the analyses did not
influence the outcome.

Table 2. Descriptive statistics of the BMD and BTM in the premenopausal and postmenopausal RRSO groups.

Premenopausal RRSO  Postmenopausal RRSO  p-value

(RRSO <45) (RRSO2>54)
N=493 N=228

Lumbar spine bone density, gr/cm?* 0.947 (0.1) 0.956 (0.1) 0.44
Lumbar spine T-score -0.9 (1.3) -0.8(1.3) 0.43

Normal BMD 48.1% 52.9% 0.23

Osteopenia (T-score -1t0 -2..5) 42.2% 37.3% 0.22,

Osteoporosis (T-score < -2.5) 9.7% 9.8% 0.99
Lumbar spine Z-score 0.5 (1.3) 1.2 (1.4) <0.001
Lumbar spine Z-score < -1.0 11.0% 5.3% 0.017
Femoral neck bone density, gr/cm?* 0.767 (0.1) 0.760 (0.1) 0.50
Femoral neck T-score -1.0(0.9) -1.1(1.0) 0.13

Normal BMD 44.2% 41.1% 0.42

Osteopenia (T-score -1t0 -2..5) 51.2% 50.0% 0.76

Osteoporosis (T-score < -2.5) 4.5% 8.9% 0.02
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Table 2. Continued

Premenopausal RRSO  Postmenopausal RRSO  p-value
(RRSO <45) (RRSO254)
N=493 N=228

Femoral neck Z-score 0.1(0.9) 0.6 (1.1) <0.001
Femoral neck Z-score < -1.0 12.6% 7.6% 0.049
Any osteopenia/osteoporosis® 70.8% 67.3% 0.34
Vertebral fracture at study visit 5.3% 7.5% 0.25
Vitamin D, umol/L 68.3(25.7) 71.8 (22.8) 0.089
B-CTX,ng/L 296.5 (175.9) 292.9 (147.7) 0.79
PINP, ug/L 49.0(19.8) 48.8(17.7) 0.91

Values are numbers with percentages for categorical variables, means with standard deviation for normal
distributed variables, and medians with interquartile range for variables with a skewed distribution.
P-value was calculated using independent samples t-test, X2test and Mann-Whitney U test. BMD, bone
mineral density. *Having a T-score < -1.0 of either lumbar spine and/or femoral neck.

Table 3. Influence of premenopausal RRSO compared with postmenopausal RRSO on BMD Z-scores

(clustered for center) of the lumbar spine and femoral neck adjusted for risk factors (n=721).

B regression coefficient (95% CI)* p-value
Z-score LS
RRSO<45years vs RRSO>54 years -0.88 (-1.10, -0.66) <0.001
BMI 0.09 (0.07- 0.10) <0.001
Current smoker yes/no -0.30(-0.59, -0.18) 0.041
Ever MHT use yes/no 0.27(-0.12, 0.66) 0.14
Current AR use yes/no -0.57(-1.17, 0.02) 0.056
Z-score FN
RRSO<45years vs RRSO>54 years -0.51(-0.71, -0.31) 0.001
BMI 0.06 (0.03,0.09) 0.003
Current smoker yes/no -0.28 (-0.45, -0.10) 0.008
Ever MHT use yes/no 0.24 (0.10,0.38) 0.005
Current AR use yes/no -0.43 (-0.7, -0.16) 0.009

CI, confidence interval; RRSO, risk-reducing salpingo-oophorectomy; LS, lumbar spine; FN, femoral
neck; BMI, body mass index; MHT, menopausal hormone therapy; AR, antiresorptive medication.*Results
of linear regression analysis (adjusted for all factors in the model simultaneously: Timing of RRSO, BMI,

smoking and MHT use).
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BMD in women aged 60-70 at study visit

For outcomes other than Z-scores, analyses comparing the pre- and postmenopausal
RRSO groups need to be adjusted for age. Therefore we performed subgroup analyses
in women aged 60-70 at study visit, the age range that overlapped between the
pre- and postmenopausal RRSO groups. Participant characteristics and univariate
analyses of the main outcomes in supplementary Tables Si-2). Univariately,
the groups were comparable for 10-year estimated risk of major osteoporotic
fractures and hip fractures, based on risk factors (P=0.37 and P=0.21, respectively).
Figure 3 shows that, after adjustment for confounders (age, BMI, ever MHT use,
current smoking and current AR use), there was no difference in the prevalence of

osteopenia/osteoporosis (T-score <-1.0) in the premenopausal RRSO group compared
with the postmenopausal RRSO group (RR 1.04, 95% CI, 0.74-1.48 for LS; RR 1.09, 95%
CI, 0.81-1.46 for FN; RR 1.01, 95% CI, 0.79-1.29 for either LS or FN; RR 1.19, 95% CI,
0.77-1.84 for both LS and FN). We found no difference in age-adjusted prevalence of
self-reported fractures in the 12 months before study visit between the premenopausal
and postmenopausal RRSO groups (RR 0.24, 95% CI, 0.05-1.22, data not shown).
As in the entire study population women who were 60-70 years old at study visit
and underwent premenopausal RRSO had significantly lower Z-scores of the LS
compared with women who underwent postmenopausal RRSO (f -0.49, 95% CI,
-0.86, -0.12, supplementary Table S3).
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Figure 2. Prevalence of having Z-score <-1.0 of the LS and FN in women with a premenopausal and
postmenopausal RRSO. Relative risks calculated using Poisson regression analyses and adjusted for body
mass index, current smoking, current antiresorptive medication use and ever menopausal hormone
therapy use.
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Figure 3. Prevalence of either osteopenia or osteoporosis (T-score (< -1.0) of the LS and/or the FN in
women with a premenopausal and postmenopausal RRSO aged 60-70 at study visit. Relative risks
calculated using Poisson regression analyses and adjusted for body mass index, current smoking,
current antiresorptive medication use and ever menopausal hormone therapy use.

Bone Turnover Markers

Among women aged 60-70 at study visit we found no significant difference for both
B-CTX and PiNP levels when comparing the premenopausal and postmenopausal
RRSO groups (median 276 vs 290 for B-CTX; median 48.0 vs 47.5 for PINP see
Supplementary table S4). In the entire study population, AR users had significantly
lower BTM levels (P<0.001 for PINP; P<o.001 for B-CTX). Women with osteopenia
and osteoporosis had significantly higher levels of p-CTX (P=0.002 for LS; P=0.003
for FN) and P1NP (P=0.004 for LS; P=0.002 for FN). Subgroup analyses in women
without current AR use yielded similar results (Supplementary table Ss).

BMD according to timing of premenopausal RRSO

Within the entire premenopausal RRSO group (n=493) we compared women
with an RRSO before the age of 41 (early premenopausal RRSO group, n=158) with
women with an RRSO between the age of 41 and 45 years old (late premenopausal
RRSO group, n=335). There were no significant differences between the early and
late premenopausal RRSO groups, neither for BMD Z-scores nor for prevalence of
osteopenia/osteoporosis based on T-score<-1.0 (see Supplementary tables S6-7).
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Discussion

Eighteen years after RRSO, we observed lower Z-scores of both the lumbar spine
and femoral neck in women with a premenopausal RRSO (<45 years), compared with
women who underwent postmenopausal RRSO (=54 years). In addition, the RR of
having a Z-score <-1.0 was significantly higher after a premenopausal RRSO. The
prevalence of osteopenia/osteoporosis (T-score <-1.0) could only be compared in a
subgroup with limited sample size (women aged 60-70 years at study), showing no
difference between the pre- and postmenopausal RRSO groups.

BMD after premenopausal RRSO

To our knowledge, this nationwide study is the first to investigate long-term BMD
after a premenopausal RRSO in women at high familial risk for ovarian cancer. Two
recent studies showed a sharp loss of absolute BMD shortly after premenopausal
RRSO compared with postmenopausal RRSO, however both studies were limited
by short follow-up times (21.3 and 36 months). *° Although these results show that
a premenopausal RRSO leads to decreased BMD in the short-term, they provide no
information on whether this effect persist in later life. After natural menopause, the
rapid bone loss phase in the first 4-5 years is followed by a less steep but stable decline.”
Therefore, the short-term results on bone loss observed in BRCA1/2 GPV carriers
who underwent premenopausal RRSO might reflect a temporary difference in BMD
that disappears over time, as women who retain their ovaries will also experience
a rapid bone loss phase around their natural menopause at a later age. To draw
sound conclusions when investigating possible long-term differences in BMD after
surgical menopause and natural menopause, all women should be at least 5 years
postmenopausal (beyond the period of rapid bone loss) at measurement of BMD.

Studies with longer follow-up not restricted to women at high familial risk of
ovarian cancer reported short-term decreased BMD after early surgical menopause
before the age of 45 compared with menopause after 45 years. However, this
difference gradually disappeared after the age of 55, suggesting that the long-term
effects of early menopause might be attenuated by factors related to ageing. ™
Remarkably, in the current study we demonstrated that the effect of premenopausal
RRSO on BMD as assessed by Z-scores was still measurable a median of 18.1 years
after premenopausal RRSO, therefore rendering it less likely that these effects are
temporary. These results are consistent with a recent study investigating long-term
bone health after early natural menopause showing increased risk of osteoporosis
and fractures 23 years after menopause.® In contrast to our study, Fakkert et al found
no differences in Z-scores, neither for the LS nor for the FN, in BRCA1/2 GPV carriers
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who underwent RRSO before age 52 (median follow-up 5.0 years) compared with a
local reference population. ™ However, in multivariate analyses younger age at RRSO
was associated with a lower Z-score of the LS. Other studies investigating the effects
of RRSO on BMD in BRCA1/2 carriers show inconsistent results.

Since the guidelines for prevention and treatment of decreased BMD in postmeno_
pausal women are based on the prevalence of either osteopenia or osteoporosis
(T-score<-1.0) and/or fracture risk , most studies focus on these parameters. In
the current study it was not possible to multivariably assess T-scores and fracture
risk in the entire population of the HARMOny study because of the substantial age
difference between the premenopausal and postmenopausal RRSO groups. Therefore,
we compared T-scores of the premenopausal and postmenopausal RRSO groups
in the overlapping age group of women aged 60-70 years at study visit. Somewhat
surprisingly, multivariable regression analyses showed no difference in the prevalence
of osteopenia/osteoporosis (T-score < -1.0) between both groups (RR 1.04, 95% CI,
0.74-1.48 for LS; RR 1.09, 95% CI, 0.81-1.46 for FN; RR 1.01, 95% CI, 0.79-1.29 for LS
or FN). These results are in contrast with the results we found for the Z-scores in the
entire study population. This difference might partially be explained by the smaller
sample size of this subgroup of women aged 60-70 at study visit (n=330). Another
explanation could be that although a premenopausal RRSO has long-term effects on
BMD, the increased risk of either osteopenia or osteoporosis (T-score < -1.0) might be
attenuated by competing risk factors such as ageing. On the basis of the results of this
study, we do not suggest to actively screen women who underwent premenopausal
RRSO to prevent future fractures. However, we do support the incorporation of
surgical menopause (s45years) as a potential cause of secondary osteoporosis, which
is consistent with the currently available tools assessing future fracture risk.

The current study demonstrates that women who underwent premenopausal RRSO
still had lowered Z-scores of the LS and FN compared with women who underwent
postmenopausal RRSO. This is even more important when considering that age itself
is a risk factor for fracture risk, independent of BMD.* A Swedish study showed that
for any given T-score, the risk of hip fracture is increased when comparing women
at age 80 with women at age 50, and this difference increases with lower T-scores.”
Because morbidity and mortality after fractures are known to be substantially higher
in later life, long-term effects of premenopausal RRSO on bone health may very well
have a greater impact than short-term effects.

Studies show that both bone resorption markers (osteoclast activity) and bone
formation markers (osteoblast activity) are elevated in the first year after surgical
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menopause. 2% A recent study among BRCA1/2 GPV carriers showed increased
BTM >2 years after RRSO compared with age-matched reference values. * This study
observed no long-term differences in BTM levels between the premenopausal and
postmenopausal RRSO groups. Consistent with the current literature, our results
showed that women with osteopenia and osteoporosis had significantly higher levels
of both B-CTX and PINP and that current AR users had strongly decreased BTM
levels. * Although BTM can be used to assess risk of decreased BMD after RRSO,
in our study we did not observe long-term effects of surgical menopause on BTM.
This may indicate that the long-term decreased Z-scores after surgical menopause
are unlikely to be caused by higher bone loss at time of study. However, these results

should be interpreted with caution because they concern subgroup analyses based on
non-fasting blood samples.

Strengths and limitations

Strengths of our study include the long follow-up time after RRSO (median 18.1 years
after premenopausal RRSO, median 19.0 years after menopause in the postmeno-
pausal RRSO group. To our knowledge, this follow-up time is substantially longer
than in any other study investigating the effect of premenopausal RRSO on BMD. ¥
Furthermore, because our study was designed to have a substantial difference in
age at menopause between women in the premenopausal and postmenopausal
RRSO groups (42.0 vs 51.0 years, respectively), we were better able to detect possible
differences in BMD between both groups compared to similar studies in which the
difference in age at menopause was less pronounced. A limitation of our study is the
difference in age at study visit between the pre- and postmenopausal RRSO groups.
We were able to account for this difference using Z-scores, which are by definition
adjusted for age. In addition, we performed subgroup analyses in women who
were 60-70 years of age at study visit, enabling comparison of T-scores, albeit with
somewhat reduced statistical power. Another potential limitation might be selection
bias due to differences in participation rates between the premenopausal group
(68.7%) and the postmenopausal group (50.8%). A likely explanation is that women
in the postmenopausal RRSO group felt less inclined to participate in our study as
our research hypotheses focused on the consequences of premenopausal RRSO.
Another limitation is the cross-sectional design of this study; unfortunately we
had no longitudinal data on BMD in our study population. However, our study was
nested in a large nationwide cohort of women at high familial risk of ovarian cancer.”
Finally, current AR use turned out to be a confounder by indication for low Z-scores;
women with current AR use had lower Z-scores compared to women without AR use.
However, risk estimates for decreased BMD associated with premenopausal RRSO
did not change after adding current AR use to the model. Furthermore, sensitivity
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analyses with current AR use considered as an additional outcome of decreased BMD
showed the same results as our main analyses (data not shown).

Conclusion

Premenopausal RRSO appears to be associated with reduced BMD Z-scores more
than 18 years later. Future studies with larger sample sizes are needed to provide
more insight into the long-term risk of surgical menopause on osteopenia and
osteoporosis and fracture risk.
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Supplements

Table S1. Participant characteristics of the premenopausal and postmenopausal RRSO groups in women
aged 60-70 years at study visit.

Age 60-70 Age 60-70 p-value
Premenopausal RRSO  Postmenopausal RRSO
(RRSO <45) (RRSO254)
N=208 N=122
Age at study visit, years 62.5 (61.0-64.4) 67.2 (65.6-68.5) <0.001
Age at menopause, years 42..0 (40.0-44.0) 51.0 (50.0-54.0) <0.001
Time since RRSO, years 21.1(18.3-23.3) 10.7(9.6-11.8) <0.001
BRCA PV carrier status 0.36
BRCA1 germline mutation 51.5% 30.8%
BRCA2 germline mutation 17.6% 33.3%
Non-carrier of BRCA1/2 30.9% 35.9%
MHT use 31.8% 6.5% <0.001
Smoking 0.15
Never 40.2% 50.4%
Former smoker 51.5% 44.4%
Current smoker 8.3% 5.1%
Alcohol use 49.0% 49.6% 0.92
Daily sitting time, hours 6.2 (2.7) 5.8(2.4) 0.20
Weekly sport time, hours 1.5 (0-3) 2.0 (0-9) 0.86
BMI, kg/m‘ 25.1(22.7-28.8) 25.2.(23.2-28.7) 0.94
Breast cancer 60.3% 59.8% 0.78
Radiotherapy 39.2% 38.5% 0.89
Chemotherapy 42.6% 37.6% 0.38
Endocrine therapy 19.6% 21.4% 0.71
Parent with hip fracture 10.8% 17.4% 0.091
Self-reported rheumatoid arthritis 13.0% 11.6% 0.70
Supplement use
Vitamin D alone 30.2% 38.6% 0.13
Calcium alone 1.0% 0.9% 0.89

Calcium and vitamin D 35.8% 28.0% 0.17
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Table S1. Continued

Age 60-70 Age 60-70 p-value
Premenopausal RRSO  Postmenopausal RRSO
(RRSO <45) (RRS0254)
N=208 N=122,

Corticosteroids use >3 months 19.1% 16.8% 0.62
Current antiresorptive medication 5.7% 6.1% 0.88
Calcium 2.5(0.2) 2.5(0.1) 0.51
Albumin 46.8(2.9) 46.7 (3.4) 0.86
Phosphate 1.2 (0.2) 1.2 (0.1) 0.27
Creatinine 67.9 (12.3) 68.6 (12.0) 0.65
eGFR 63.2.(6.1) 62.8 (6.0) 0.61
CKD* 15.0% 14.2% 0.84
10-year risk major osteoporotic 10.0 (8.4-13.0) 11.0 (8.5-15.0) 0.37
fracture, %
10-year risk hip fracture,% 2.1(1.4-3.1) 2.3 (1.4-3.5) 0.21

Values are numbers with percentages for categorical variables, means with standard deviation for
normal distributed variables, and medians with interquartile range for variables with a skewed
distribution. P-value was calculated using independent samples t-test, Xatest and Mann-Whitney U
test.PV, pathogenic variant; MHT, menopausal hormone therapy; BMI, body mass index; BMD, bone
mineral density; eGFR, estimated glomerular filtration rate; *CKD, chronic kidney disease (eGFR<60).
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Table S2. Descriptive statistics of BMD and BTM in the premenopausal and postmenopausal RRSO
groups in women aged 60-70 years at study visit.

Age 60-70 Age 60-70 p-value
Premenopausal RRSO  Postmenopausal RRSO
(RRSO <45) (RRS0254)
N=208 N=122

Lumbar spine bone density, gr/cm? 0.955 (0.2) 0.967 (0.2) 0.55
Lumbar spine T-score -0.9 (1.4) -0.7(1.0) 0.47

Normal BMD 49.0% 54.2% 0.37

Osteopenia (T-score -1 to -2.5) 40.4% 35.0% 0.34

Osteoporosis (T-score < -2..5) 10.6% 10.8% 0.94
Lumbar spine Z-score 0.8(1.5) 1.1(1.7) 0.061
Lumbar spine Z-score < -1.0 10.1% 8.2% 0.57
Femoral neck bone density, gr/cm?* 0.766 (0.1) 0.775 (0.1) 0.55
Femoral neck T-score -1.1(0.9) -1.0 (1.1) 0.69
Normal BMD 41.2% 44.6% 0.54
Osteopenia (T-score -1 to -2.5) 52.0% 47.1% 0.40
Osteoporosis (T-score < -2.5) 6.9% 8.3% 0.64
Femoral neck Z-score 0.2(0.9) 0.4 (1.2) 0.18
Femoral neck Z-score < -1.0 10.1% 12.3% 0.54
Any osteopenia/osteoporosis® 72.1% 64.5% 0.15
Vertebral fracture at study visit 5.8% 7.4% 0.58
Vitamin D, umol/L 70.0 (25.3) 71.7 (21.2) 0.54
B-CTX, ng/L 276 (173-387) 290 (199-384) 0.94
PINP, ug/L 47.5 (36-62) 48 (39-61.0) 0.88

BMD, bone mineral density.*Having a T-score < -1.0 of either lumbar spine and/or femoral neck.
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Table S3. Regression coefficients of Z-scores of the lumbar spine and femoral neck (clustered for center)
according to timing of RRSO and other for risk factors in a subgroup of women aged 60-70 years at study
visit (n=330).

Multivariably adjusted P regression coefficient (95% CI)*

Z-score LS

Z-score FN

RRSO<45years vs RRSO>54 years

-0.49 (-0.86, -0.12)

-0.32 (-0.71, 0.07)

BMI 0.07(0.06,0.08) 0.05 (0.03, 0.08)
Current smoker yes/no -0.46 (-1.07, 0.15) -0.46 (-1.08, 0.16)
Ever MHT use yes/no 0.31(-0.56,1.18) 0.34 (0.01, 0.67)
Current AR use yes/no -0.36 (-1.24, 0.52) -0.57(-1.17, 0.03)

CI, confidence interval; RRSO, risk-reducing salpingo-oophorectomy; LS, lumbar spine; FN, femoral

neck; BMI, body mass index; MHT, menopausal hormone therapy; AR, antiresorptive medication.

* Results of linear regression analysis in women aged 60-70 at time of study (adjusted for all factors in
the model simultaneously: Timing of RRSO, BMI, smoking, current AR use and ever MHT use).

Table S4. Descriptive statistics of Bone Turnover Markers (BTM) according to different possible confounders/
outcomes of BMD.

Univariate analyses BTM PiNPlevel, Median  p-value Beta-CTX level, p-value

(IQR) Median (IQR)

Age study visit 0.94 0.88

55-59 years 47 (35-59) 264 (180-352)
60-64 years 47 (36-62) 262 (170-384)
65-69 years 48 (38-61) 289 (202-384)
70-74 years 43.5(33.5-54) 239 (166-362)

75-79 years 47 (35-56) 275 (218-437)

Timing of RRSO 0.99 0.48
Premenopausal RRSO 47 (36-60) 264 (174-367)
Postmenopausal RRSO 46 (37-58) 273.5 (193-379)

Timing RRSO in women 0.57 0.46

aged 60-70
Premenopausal RRSO 47 (36-62) 275 (173-376)
Postmenopausal RRSO 48 (38-60) 292.5 (202-384)

Timing of premenopausal 0.09 0.53

RRSO
RRSO <41 years 45 (34-57) 263 (160-378)

RRSO 41-45 years 47 (36-61) 264.5 (181-366)
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Univariate analyses BTM PiINPlevel, Median  p-value Beta-CTX level, p-value
(IQR) Median (IQR)

Smoking 0.82 0.07
Current smoker 47 (35-62) 321.5 (187-462)
Former smoker 46 (37-60) 273.5 (178-397)
Never smoker 47 (35-58) 261 (178-356)

MHT use 0.07 0.39
Ever MHT use 48 (38-64) 283 (162-404)
Never MHT use 46 (35-57.5) 259 (184-362)

Antiresorptive medication use <0.001 <0.001
Current antiresorptive 25 (18-37) 140 (72-218)
medication
Former antiresorptive 44 (33-57) 282..5 (162-372)
medication
Never antiresorptive 48 (38-60.5) 277 (191-378)
medication

Lumbar spine 0.004 0.002
Normal BMD 45 (34-57) 241 (162-347)
Osteopenia 48 (39-60) 292.(197-397)
Osteoporosis 54 (36-70) 279.5 (200-425.5)

Z-score lumbar spine <0.001 0.014
LS Z-score <-1.0 55 (39-78) 312 (202-445)
LS Z-score >-1.0 46 (36-58) 263 (177.5-365)

Femoral neck 0.002 0.003
Normal BMD 45 (35-57) 261 (162-356)
Osteopenia 48 (37-61) 271 (187-376)
Osteoporosis 58 (46-70) 364 (230-501)

Z-score femoral neck 0.065 0.24
FN Z-score <-1.0 51 (36-68) 278 (192-425)
FN Z-score >-1.0 46 (36-58) 265.5 (179-366)

Values are medians with interquartile range. P-value was calculated using Mann-Whitney U test or
Kruskal-Wallis test. BMD, bone mineral density; IQR, interquartile range; RRSO, risk-reducing salpingo-
oophorectomy; MHT, menopausal hormone therapy; LS, lumbar spine; FN, femoral neck.
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Table Ss. Descriptive statistics of bone turnover markers in women without current antiresorptive
medication use (n=676).

Univariate analyses BTM PINP level, p-value Beta-CTX level, p-value

median (IQR) median (IQR)

Age study visit 0.53 0.82
55-59 years 47 (37-60) 273 (191-359)

60-64 years 48 (37-63) 266 (173-388)
65-69 years 50 (39-63) 306 (208-397)
70-74 years 44 (35-55) 264 (175-364)
75-79 years 47 (35-56) 280 (206-442)

Timing of RRSO 0.99 0.73
Premenopausal RRSO 47 (37-60) 275 (187-374)
Postmenopausal RRSO 47 (38-58) 281.5 (200-384)

Timing of RRSO in women aged 60-70 0.57 0.36
Premenopausal RRSO 48 (37-62.5) 276 (181-387)
Postmenopausal RRSO 48 (41-61) 303 (207-384)

Timing of premenopausal RRSO 0.12 0.94
RRSO <41 years 47 (36-57.5) 283 (187-394)

RRSO 41-45 years 48 (38-62) 273 (187-368)

Smoking 0.83 0.060
Current smoker 48 (36-63) 310 (187-484)

Former smoker 47 (38-61.5) 294 (194.5-404)
Never smoker 48 (37-58) 267.5 (187-358)

MHT use 0.19 0.39
Ever MHT use 48 (38-64) 283 (162-404)

Never MHT use 47 (37-59) 259 (184-362)

Lumbar spine <0.001 <0.001
Normal BMD 45 (35-57) 251 (173-340)

Osteopenia 49 (41-61.5) 304 (218-405)
Osteoporosis 55 (44-70) 296 (201.5-424.5)

Z-score lumbar spine <0.001 0.029
LS Z-score <-1.0 56 (44-81) 331.5 (221-445)

LS Z-score >-1.0 47 (37-59) 274 (188-371)

Femoral neck <0.001 0.011
Normal BMD 45 (36-57) 265 (180-358)

Osteopenia 49 (39-62) 284 (196-389)
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Table S5. Continued

Univariate analyses BTM PINP level, p-value  Beta-CTXlevel, p-value
median (IQR) median (IQR)
Osteoporosis 58 (47-70) 364 (254-501)
Z-score femoral neck 0.021 0.25
FN Z-score <-1.0 52 (40-68) 287 (200-425)
FN Z-score >-1.0 47 (38-59) 278.5 (190.5-374.5)

Values are medians with interquartile range. P-value was calculated using Mann-Whitney U test or
Kruskal-Wallis test. BMD, bone mineral density; IQR, interquartile range; RRSO, risk-reducing salpingo-
oophorectomy; MHT, menopausal hormone therapy; LS, lumbar spine; FN, femoral neck.

Table S6. Regression coefficients of Z-scores (clustered for center) of the lumbar spine and femoral neck
according to timing of RRSO and other for risk factors in women with a premenopausal RRSO (n=445).

Multivariably adjusted p regression coefficient (95% CI)*

Z-score LS Z-score FN
RRSO <41years vs RRSO 41-45 years -0.09 (-0.33, 0.16) -0.01(-0.02, 0.26)
BMI 0.08 (0.06, 0.11) 0.05 (0.02, 0.08)
Current smoking yes/no -0.30(-0.58, -0.02) -0.24 (-0.40, -0.08)
Ever MHT use yes/no 0.21(-0.23, 0.66) 0.14 (-0.06, 0.34)
Current AR use yes/no -0.57(-1.28,0.14) -0.40 (-0.71, -0.10)

CI, confidence interval; RRSO, risk-reducing salpingo-oophorectomy; LS, lumbar spine; FN, femoral
neck; BMI, body mass index; MHT, menopausal hormone therapy; AR, antiresorptive medication.
“Results of linear regression analysis (adjusted for all factors in the model simultaneously: Timing of
RRSO, BMI, current smoking, current AR use and ever MHT use).
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Table S7. Relative risk of decreased BMD (T-score <-1.0) of the lumbar spine and femoral neck according
to timing of RRSO and other risk factors in a women with a premenopausal RRSO (n=445).

Multivariably adjusted relative risk (95% CI) for decreased BMD*

LS

EN

LS or FN

LSand EN

Timing of RRSO
RRSO 41-45 years
RRSO <41 years
BMI
Current smoker yes/no
Ever MHT use yes/no

Current AR use yes/no

1.00 (Ref)
0.96 (0.79,1.18)
0.94(0.92,0.96)

1.16 (0.93,1.45)
0.93(0.76,1.15)

1.46 (1.20, 1.79)

1.00 (Ref)
0.87(0.72,1.06)
0.97(0.95,0.99)
1.15 (0.91,1.45)
0.98 (0.80,1.19)

1.34 (1.08,1.67)

1.00 (Ref)
0.92(0.80,1.05)
0.96 (0.95,0.98)

1.14 (0.99, 1.32)
1.00 (0.87,1.15)

1.24 (1.09,1.42)

1.00 (Ref)
0.92(0.71,1.21)
0.93(0.90, 0.96)
1.19 (0.87,1.62)
0.85(0.64,1.14)

1.70 (1.28, 2.27)

CI, confidence interval; RRSO, risk-reducing salpingo-oophorectomy; LS, lumbar spine; FN, femoral
neck; BMI, body mass index; MHT, menopausal hormone therapy; AR, antiresorptive medication.
*Results of Poisson regression analysis in women with a premenopausal RRSO (adjusted for all factors
in the model simultaneously: Timing of RRSO, age, BMI, current smoking, current AR use and ever

MHT use).
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Abstract

Introduction

Premenopausal risk-reducing salpingo-oophorectomy (RRSO) in women at high
familial risk of ovarian cancer induces immediate menopause. Evidence about long-
term effects of surgical menopause is scarce.

Methods

We conducted a cross-sectional study (n=740) nested in a nationwide cohort of
women at high familial risk of ovarian cancer. Participants completed a cognition
test and a questionnaire on lifestyle, sexual functioning, urinary incontinence,
HRQOL (SF-36) and cancer worries (CWS). Cardiovascular disease (CVD) risk and
bone mineral density (BMD) were assessed during a clinical visit. In women aged
60-70 years at study visit (n=330), we compared potential long-term health effects
between women who underwent a premenopausal RRSO (<45 years) and women with
a postmenopausal RRSO (=54 years).

Results

Median age at study was 64.3 years, median time since premenopausal RRSO was
21 years. A comprehensive overview of our (partially published) results showed that
a premenopausal RRSO compared with a postmenopausal RRSO was not associated
with long-term coronary artery calcification, objective cognitive functioning, urinary
incontinence, impaired quality of life or fear of cancer. However, women in the
premenopausal RRSO group had lowered BMD and reported more vaginal dryness
and sexual discomfort compared with the postmenopausal RRSO group.

Conclusion

Premenopausal RRSO does not appear to be associated with long-term cardiovascular
disease risk, cognition or HRQOL. However, it negatively influences bone mineral
density and sexual discomfort.
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Introduction

Female BRCA1 and BRCA2 germline pathogenic variant (GPV) carriers have a lifetime
risk of ovarian cancer of 44% and 17%, respectively.* Studies have shown that screening
for ovarian cancer is not effective, neither for hereditary nor for sporadic ovarian
cancer. >? Therefore women at high familial risk for ovarian cancer are recommended
to undergo risk-reducing salpingo-oophorectomy (RRSO) after completion of child
bearing, preferably at ages 35 to 40 years for BRCA1 GPV carriers and at ages 40 to
45 years for BRCA2 GPV carriers. * While RRSO performed at the recommended age is
very effective in preventing ovarian cancer, it also leads to early surgical menopause
due to acute estrogen deficiency. ¢

Early natural menopause (<45 years) has been associated with various long-

term effects, including increased risk of cardiovascular disease (CVD), lowered
bone mineral density (BMD) and cognitive impairment, which are all known to
influence health-related quality of life (HRQOL). However, whether these effects
are also present after surgical menopause has less often been investigated with
inconsistent results.” In the HARMOny study, we recently investigated long-term
effects of a premenopausal RRSO on coronary artery calcification (CAC), BMD,
cognition, sexual functioning and urinary incontinence.

Several studies have investigated the short-term effects of RRSO on HRQOL. 2%
While RRSO is associated with HRQOL-related outcomes, including more vasomotor/
menopausal complaints and worsened sexual function, generic HRQOL appears to
be unaffected. ¥ A potential explanation is that RRSO reduces short-term cancer
specific distress; women who underwent RRSO appear to be satisfied with their
choice to undergo prophylactic surgery. **® However, most studies do not stratify for
timing of RRSO (pre- vs postmenopausal), and have relatively short follow-up times
(median up to 5 years). > Therefore, it remains unclear whether a premenopausal
RRSO influences long-term HRQOL.

The aim of the current study was to provide a comprehensive overview of published
reports on individual outcomes of the HARMOny study, including (subclinical) CVD
risk, BMD, cognitive functioning, sexual functioning and urogenital complaints. 1
In addition, we report on unpublished data concerning the long-term effects of
premenopausal (<45 years) compared with postmenopausal (=54 years) RRSO on
HRQOL and cancer worries.
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Methods

Study cohort

The HARMOny study is a Dutch multicenter cross-sectional study investigating
long-term effects of RRSO on CVD risk, bone health, cognition, quality of life and
urogenital problems. The study design of the HARMOny study (ClinicalTrials.
gov NCT03835793) has been described in detail previously and was approved by the
Medical Ethics Committee of the Antoni van Leeuwenhoek/Netherlands Cancer
Institute (AVL/NKI). ® Women were recruited from the Hereditary Breast and
Ovarian cancer study Netherlands (HEBON), a nationwide cohort of women at high
familial risk of breast and/or ovarian cancer recruited from all eight Dutch University
Medical Centers and the Netherlands Cancer Institute. *° Between 2018 and 2022,
1207 women were invited to join the study: 733 women who underwent a
premenopausal RRSO (<45yrs) and were >55 years old at inclusion and 474 women
who underwent a postmenopausal RRSO (>54 years) (see Figure 1). Exclusion criteria
were a history of ovarian cancer, age over 80 years and therapy-induced menopause
more than five years before RRSO. A history of cancer other than ovarian cancer, was
not a reason for exclusion.

Study assessments

Participation in the HARMOny study consisted of an extensive online questionnaire
and a clinical visit. » Among the topics included in the online questionnaire were
lifestyle, medical history, menopausal hormone therapy (MHT) use, cardiovascular
risk factors, bone health, cognitive functioning, sexual problems, urological
complaints, HRQOL and cancer worries. HRQOL was assessed using the eight
subscales of the SF-36 health survey (physical functioning, role limitations physical
health, role limitations emotional health, pain, general health, social functioning,
emotional well-being and energy/fatigue). 2> The SF-36 domain scores were linearly
converted to a o to 100 scale, with higher scores indicating higher levels of HRQOL.
In addition, the SF-36 physical component score (SF36-PCS) and mental component
score (SF36-MCS) were calculated.? We calculated the relative risks (RRs) of having a
low SF36-PCS or SF36-MCS in the premenopausal versus the postmenopausal RRSO
groups. The cut-offs used for a low component scores were <50.0 for SF36-PCS and
<42.0 for SF36-MCS. > Cancer worries were measured with the eight item Cancer
Worry Scale (CWS). > In addition, we calculated the RRs of having fear of cancer
(CWS=>14) in the premenopausal compared with the postmenopausal RRSO group.
Experience with the choice to undergo RRSO was measured in three statements (i.e.
(1) the choice to undergo RRSO was difficult (2) undergoing RRSO was a well-informed
decision (3) RRSO reduced my fear of cancer) using a 5-point Likert scale, varying
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from completely disagree to completely agree. Women were asked to indicate their
level of agreement or disagreement with the statements. Completely agree and agree
were considered as agreement with the statement, disagree and completely disagree
were considered as disagreement. The clinical program for the study consisted of a
series of non-invasive measurements to assess subclinical atherosclerosis and BMD:
height, weight, blood pressure, coronary artery calcium score (CAC score), pulse
wave velocity (PWV), DEXA scan of lumbar spine (LS) and femoral neck (FN) and
blood levels of lipid spectrum, random glucose, HbA1c, vitamin D, two bone turnover
markers (PINP and B-CTX) and two cardiac biomarkers (High-sensitivity cardiac
troponin and CRP). According to the study protocol, the results of all measurements
were shared with the individual participants and a letter with results was sent to
their general practitioners.

Statistical analyses

Characteristics of women in the premenopausal and postmenopausal RRSO groups
were compared by using the independent samples t-test or Wilcoxon rank-sum test
for continuous data and the Fisher exact test or x2 test for categorical data, a two-
sided P <0.05 was considered significant. According to the HARMOny study protocol,
we attempted to match the pre- and postmenopausal RRSO groups on age at study
visit.” However, during the inclusion period we observed a substantial age difference
between the premenopausal and postmenopausal RRSO groups (postmenopausal
RRSO group median 10.1 years older). This age difference was caused by a change in
the 2007 guidelines for management of ovarian cancer risk in BRCA1/2 GPV carriers,
leading to a strongly increased prevalence of premenopausal RRSO. ¢ Therefore, we
restricted the comparisons between the premenopausal and postmenopausal RRSO
groups to women who were between 60-70 years old at study visit (see Figure 1). In
addition, within the entire premenopausal RRSO group we evaluated long-term
effects of RRSO before age 41 (early premenopausal RRSO group) and women aged
41-45 years at RRSO (late premenopausal RRSO group). Results of multivariable
analyses estimating associations between timing of RRSO and CAC scores, bone
mineral density, cognition, sexual functioning and urinary incontinence were
described previously. #1028

SF-36 subdomains and component scores were compared with a cohort from the
Dutch general population of women of similar age. ?*° To be able to multivariably
adjust for possible confounders, we used Poisson regression analysis to calculate
RRs of having a low SF36-PCS and SF36-MCS associated with timing of RRSO.
Variables assessed as possible confounders of the associations of premenopausal
RRSO with HRQOL and cancer worries were: age at study visit, education, work,
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BRCA status, parity daily sitting hours, current or ever smoking, alcohol use, ever
use of MHT, history of breast cancer, breast cancer treatment, body mass index
(BMI), hypertension (either antihypertensive medication, a systolic blood pressure
>14ommHg or a diastolic blood pressure >9ommHg), dyslipidemia (either lipid-
lowering medication or LDL cholesterol >4.ommol/L), depression and chronic
disease. A variable was considered a confounder if the coefficient estimate for the
association of interest was affected by more than 10% when added to the model.

Total number of women
nveRed: 1207
Premendgausal BRSO Pastmenogausal RRSD
(BRSO £ &b years): 733 (RRES0 = 54 yoars): 474

Declined participation: 129 {17.65] ‘ Dedined particpation: 170 [15.9%)

Mon-responder: 104 (14.3%) Nonresponder: 64 [13.5%)

Pramanapausal RASD Pastmanapausal RSO
Eroup: 500 (68, 2%)" Browp:s 240 (S0.8%)
Premenopausal BRSO and Postme nopausal RESO and
age 60-70 ab study visiz 2088 age 60-70 ab study visit; 1228

Figure 1. Flowchart participation HARMOny study * Comparison between the pre- and postmenopausal
RRSO groups aged 60-70 at study visit (in blue). > Entire premenopausal RRSO group used for analyses
on timing of premenopausal RRSO (<41 vs 41-45 years).

Results

During the inclusion period, 740 participants gave written informed consent (overall
response 61.3%), of whom 500 in the premenopausal RRSO group and 240 in the
postmenopausal RRSO group (See figure 1). Participant characteristics of the entire
HARMOny study population are provided in the supplements (See Table S1).

Participant characteristics of women aged 60-70 at study visit

We included 330 women who were aged 60 to 70 years at study visit (208 in the
premenopausal RRSO group, 122 in the postmenopausal RRSO group). Median age at
study was 64.3 years; median time since RRSO was 21.0 years in the premenopausal
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RRSO group and 10.7 years in the postmenopausal RRSO group (see Table 1). Both
groups were comparable for BRCA1/2 GPV carrier status (overall, 67.9%) and history of
breast cancer (overall, 60.0%). Compared with the postmenopausal RRSO group, women
in the premenopausal RRSO group more often had a history of MHT use (31.6% vs 6.2%).

Table 1. Patient characteristics women age 60-70 at study visit of the HARMOny study (n=330)*.

Age 60-70 Premenopausal ~ Age 60-70 Postmenopausal  p-value

RRSO (RRSO <45) RRSO (RRSO>55)
N=208 N=122
Ageat study, years 62.4 (61.0-64.4) 67.2 (65.6-68.5) <0.001
Age at menopause, years 42..0 (40.0-44.0) 51.0 (50.0-54.0) <0.001
Time since RRSO years 21.0 (18.3-23.3) 10.7(9.6-11.9) <0.001
BRCA GPYV carrier status <0.001
BRCA1 germline mutation 51.4% 29.5%
BRCA2 germline mutation 17.8% 36.1%
Non-carrier of BRCA1/2 30.8% 34.4%
Education 0.28
Primary school/lower level 33.0% 42.1%
high school
Middle level high school 32.0% 25.6%
Advanced vocational/ 35.0% 33.3%
university
Work status <0.001
Full-time/part-time job 54.9% 16.1%
Retired 14.4% 58.5%
Housewife/voluntary work 14.4% 17.0%
Completely/partially 12.3% 8.5%
incapacitated
Unemployed 4.1% 0.0%
Children, one or more 84.1% 86.1% 0.64
Ever MHT use 31.6% 6.2% <0.001
History of breast cancer 60.6% 59.0% 0.78
Radiotherapy 39.4% 38.5% 0.87
Chemotherapy 43.3% 37.7% 0.32
Endocrine therapy 19.7% 22.1% 0.60
No hours sport, weekly 1.5 (0.0-3.0) 2.0 (0.0-3.0) 0.87

No hours sitting, daily 6.0 (5.0-8.0) 6.0 (4.0-8.0) 0.045
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Table 1. Continued

Age 60-70 Premenopausal  Age 60-70 Postmenopausal  p-value

RRSO (RRSO <45) RRSO (RRSO>55)
N=208 N=122

BMI, kg/m2 25.1(22.7-28.8) 25.3(23.2-28.7) 0.99
Smoking 0.15

Active smoker 8.7% 4.9%

Former smoker 51.9% 45.9%

Never 39.4% 49.2%
Alcohol >1 drinks daily 48.6% 50.0% 0.80
Hypertension™* 53.4% 65.6% 0.31
Dyslipidemia™** 38.9% 48.4% 0.095
Depression, ever 14.5% 11.6% 0.46
Chronic disease, ever any 48.3% 45.5% 0.62

Values are percentages(%) for categorical variables, means with standard deviation for normal

distributed variables, and medians with interquartile range for variables with a skewed distribution.

P-value was calculated using independent samples t-test, X2 test and Mann-Whitney U test.

GPV, germline pathogenic variant; MHT, menopausal hormone therapy;; BMI, body mass index; LDL,

low density lipoprotein.

*Due to COVID -19 some of the participants of the questionnaires were not able to participate in the
clinical visit. Data shown is of the participants who completed the clinical visit.

**Hypertension: either antihypertensive medication, a systolic blood pressure >140mmHg or a diastolic

blood pressure >9ommHg.
“**dDyslipidemia: either lipid lowering medication or a LDL cholesterol >4.0 mmol/L.

Comprehensive overview of previously published potential adverse
health outcomes after a premenopausal RRSO compared with a
postmenopausal RRSO in women aged 60-70 at study visit

With regard to subclinical atherosclerosis, the premenopausal RRSO group showed
no evidence of increased risk of CAC scores compared with the postmenopausal
RRSO group (see Table 2)2*. MHT use turned out not to be a confounder in our CAC
analyses and adding MHT use to our model did not influence the outcomes. With
regard to arterial stiffness, we did not observe increased PWYV levels in women in
the premenopausal RRSO group compared with women in the postmenopausal
RRSO group. Regarding BMD: Z-scores of the lumbar spine were significantly lower
in women who underwent a premenopausal RRSO compared with women who
underwent a postmenopausal RRSO ( -0.49, 95% CI, -0.86, -0.12). However, there
was no difference in the prevalence of osteopenia/osteoporosis (T-score <-1.0) in
the premenopausal RRSO group compared with the postmenopausal RRSO group.
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MHT use was included in these models as it was a confounder in our analyses.
Regarding cognitive functioning, we found no differences in objective cognition
between the premenopausal and postmenopausal RRSO groups. However, women
in the premenopausal RRSO group more often reported (subjective) problems with
reasoning (RR: 1.19, 95% CI, 1.01-3.60). ©° Regarding sexual functioning: women who
underwent a premenopausal RRSO experienced more vaginal dryness and reported
more sexual discomfort compared with women who underwent a postmenopausal
RRSO (odds ratio (OR): 2.6, 95% CI 1.4-4.7 for vaginal dryness; OR: 3.1, 95% CI 1.04-9.4
for sexual discomfort), however, this did not lead to differences in sexual pleasure.®
Regarding urinary incontinence: overall symptomatic urinary incontinence and
urge urinary incontinence was not significantly different between the pre- and
postmenopausal RRSO groups (OR: 2.1, 95% CI 0.93-4.78 for overall urinary
incontinence).? A premenopausal RRSO was associated with increased risk of stress

urinary incontinence (OR: 3.5, 95% CI 1.2-10.0).

Table 2. Influence of premenopausal RRSO versus postmenopausal RRSO on main outcomes of the
HARMOny study in women aged 60-70 years at study visit.

Premenopausal Postmenopausal Multivariably adjusted risk
RRSO (RRSO<45) RRSO(RRSO254) of outcomes associated with

N=208 N=122 a pre- vs postmenopausal
RRSO (95% CI)
Coronary artery calcification Relative risk*
CAC>o0, (%) 40.9% 45.7% 1.07 (0.83-1.37)
CAC > 100, (%) 10.7% 15.9% 0.89 (0.52-1.52)
CAC > 400, (%) 3.8% 4.7% 0.61(0.21-1.74)
MESA percentile > 75%, (%) 28.9% 30.4% 1.13 (0.72-1.80)
Bone mineral density Beta coefficient®
Z-score lumbar spine (LS), mean (sd) 0.8(1.5) 1.1(1.7) -0.49 (-0.86, -0.12)
Z-score femoral neck (FN), mean (sd) 0.2.(0.9) 0.4(1.2) -0.32(-0.71, 0.07)
Relative risk?
Any osteopenia/osteoporosis®, (%) 72.1% 64.5% 1.01 (0.79-1.29)
Osteopenia/osteoporosis® LS and FN, (%) 38.7% 37.9% 1.19 (0.77-1.84)
Objective cognitive functioning ACS Beta coefficient*
Z-score verbal memory, mean (sd) -0.17 (0.94) -0.23 (0.88) 0.04 (-0.25, 0.34)
Z-score speed, mean (sd) 0.18 (0.89) -0.02(0.90) -0.02 (-0.31, 0.27)

Z-score executive functioning, mean (sd) 0.30 (0.78) 0.10 (0.81) 0.03 (-0.26, 0.31)
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Table 2. Continued

Premenopausal Postmenopausal Multivariably adjusted risk
RRSO (RRSO<45) RRSO(RRSO2>54) of outcomes associated with

N=208 N=122 a pre- vs postmenopausal
RRSO (95% CI)
Z-score attention, mean (sd) 0.10 (0.79) 0.01 (0.69) 0.02 (-0.22, 0.26)
Subjective cognitive functioning ACS 0Odds ratio*
Problems with reasoning, (%) 10.9% 8.1% 1.91 (1.01, 3.60)
Problems with memory, (%) 13.2% 11.7% 1.23 (0.65, 2.35)
Problems with attention, (%) 13.3% 7.3% 1.10 (0.58, 2.08)
Problems with concentration, (%) 9.2% 8.2% 1.53 (0.81, 2.87)
Problems with multitasking, (%) 5.2% 3.6% 1.66 (0.82,3.37)
Problems with slow thinking, (%) 2.9% 2.7% 1.18 (0.60, 2.31)
Sexual functioning Beta coefficient’
SAQ sexual pleasure score, mean (sd) 8.6(3.7) 8.6(3.0) 0.4 (-1.6-2.4)
0dds ratio®
Substantial sexual discomfort, (%) 35.6% 20.9% 3.1(1.04-9.36)
Substantial vaginal dryness, (%) 47.0% 31.1% 2.56 (1.40-4.68)
Urinary incontinence 0Odds ratio®
Symptomatic urinary 23.6% 18.9% 2.1(0.9-4.8)
incontinence, (%)
Urge urinary incontinence, (%) 19.6% 22.7% 1.1(0.5-2.4)
Stress urinary incontinence, (%) 13.0% 8.0% 3.5 (1.2-10.0)
HRQOL SF-36 scale Relative risk”
SF-36 PCS <50.0, (%) 51.3% 49.5% 0.96 (0.69-1.33)
SF-36 MCS <42.0, (%) 12.8% 7.9% 1.14 (0.35-3.77)
Cancer Worry scale Relative risk®
Fear of cancer (score >14), (%) 51.8% 50.0% 0.81(0.61-1.09)

Values are percentages (%) for categorical variables and means with standard deviation for normal
distributed variables. PCS: physical component score, MCS; mental component score; SAQ: sexual
activity questionnaire; sd: standard deviation; LS: lumbar spine; FN: femoral neck; CAC: coronary artery

calcium; ACS: Amsterdam cognition scale.

- Adjusted for age, hypertension and dyslipidemia. > Adjusted for MHT, BMI and AR use. > Adjusted
for age, MHT, BMI and AR use. * Adjusted for breast cancer, MHT, depression, educational level.
5- Adjusted for age, breast cancer, MHT, BMI and body image. ¢ Adjusted for age, breast cancer, BMI parity
and delivery mode.” Adjusted for age, parity, work status and daily sitting hours. * Adjusted for age.
1-6 previously published results, 7-8 unpublished data.

* Osteopenia/osteoporosis is defined as T-score <-1.0.

** % often/most of the time/always problems.
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Health-related quality of life after premenopausal vs postmenopausal
RRSO in women aged 60-70 at study visit

Univariate analyses showed no differences in reported quality of life between the
pre- and postmenopausal RRSO groups, neither on the physical nor on the mental
subscales (effect size <o0.50 for all domains Table S2). HRQOL of the premenopausal
RRSO group measured on all domains was at least as good as the reference data
women in the Dutch general population in the same age group (see Figure 2). In
addition, multivariable analyses showed no difference in risk of having a PCS or
MCS score below the cutoff in the premenopausal RRSO group compared with the
postmenopausal RRSO group (RR: 1.14, 95% CI 0.35-3.77 for MCS < 42.0; RR 0.99,
95% CI 0.72-1.37 for PCS < 50.0, see Table 2). Adding MHT use to the model did not
change the outcome.

HRQOL across the SF-36 subdomains in women aged 60-70 after
a pre- and postmenopausal RRSO and in the general population

100
90
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Physical Role Pain General health Energy/fatigue Social Role Emotional
functioning limitations functioning limitations well-being
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m Premenopausal RRSO (RRSO <45) m Postmenopausal RRSO (RRSO=54)
m General population age 60-70

Figure 2. Descriptive statistics quality of life outcomes HARMOny study in women aged 60-70 at study
visit and SF-36 norm data from women in the Dutch general population aged 60-70 years.*

The SF-36 domain scores linearly converted to a o to 100 scale, with higher scores indicating higher levels
of HRQOL. Abbreviations: RRSO: risk-reducing salpingo-oophorectomy.

Cancer worries after premenopausal vs postmenopausal RRSO in women
aged 60-70 years at study visit

In univariate analyses, there were no differences in CWS score or prevalence of fear
of cancer between the premenopausal and postmenopausal RRSO groups (51.8%
vs 50.0% reported fear of cancer, see Table 2). In addition, multivariable analyses
showed no difference in fear of cancer (RR: 0.81, 95% CI 0.61-1.09, see Table 2).
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Subgroup analyses in women who underwent a premenopausal RRSO

Within the entire premenopausal RRSO group (n=500), we compared women with
an RRSO before the age of 41 (early premenopausal RRSO group, n=159) with women
with an RRSO between the age of 41 and 45 years old (late premenopausal RRSO
group, n=341). Participant characteristics are provided in the supplements (Table S3).

Potential long-term adverse health outcomes according to of

timing of premenopausal RRSO (<41 years vs 41-45 years, previously
published results)

Among women with a premenopausal RRSO, timing of premenopausal RRSO
(<41yrs vs 41-45yrs) did not significantly influence CAC scores, PWV levels, BMD,
sexual functioning or urinary incontinence risk (see Table 3). Although we did not
observe significant differences in objective cognitive functioning, women in the early
premenopausal RRSO group more often reported problems with reasoning and slow
thinking (RR: 0.60, 95% CI, 0.39-0.94; RR: 0.56, 95% CI 0.36—0.89, respectively).

HRQOL and cancer worries according to timing of premenopausal RRSO
(<41years vs 41-45 years)

Women who underwent an early premenopausal RRSO reported comparable HRQOL
on all subdomains of the SF-36 compared with the late premenopausal RRSO group.
In multivariable analyses, we found no association between timing of premenopausal
RRSO and a low SF36-PCS or SF36-MCS (RR: 0.99, 95% CI 0.81-1.22 for PCS < 50.0;
RR:0.83, 95% CI 0.51-1.36 for MCS < 42.0; see Table 3). Including MHT use or breast
cancer history did not change the outcomes. In univariate analyses, there were no
differences in CWS score or prevalence of fear of cancer between the early- and late
premenopausal RRSO groups (51.8% vs 50.0% reported fear of cancer, see Table S4).
In addition, multivariable analyses showed no difference in fear of cancer (RR: 0.81,
95% Cl 0.61-1.09, see Table 4).
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Table 3. Influence of timing of RRSO (<41 vs 41-45yrs) on main outcomes of the HARMOny study in
women with a premenopausal RRSO.

RRSO <41years RRSO41-45years  Multivariably adjusted

N=159 N=341 risk of outcomes (95% CI)
Coronary artery calcification Relative risk!
CAC>o0, (%) 40.9% 45.7% 0.93(0.75-1.15)
CAC >100, (%) 10.7% 15.9% 0.71(0.43-1.17)
CAC > 400, (%) 3.8% 4.7% 0.81(0.34-2.13)
MESA percentile > 75%, (%) 28.9% 30.4% 0.96 (0.72-1.28)
Bone mineral density Beta coefficient?
Z-score lumbar spine (LS), mean (sd) 0.4(1.4) 0.6 (1.4) -0.09 (-0.33, 0.16)
Z-score femoral neck (FN), mean (sd) 0.1(1.0) 0.2(0.9) -0.01 (-0.02, 0.26)
Relative risk’
Any osteopenia/osteoporosis®, (%) 68.6% 70.7% 0.92(0.80, 1.05)
Osteopenia/osteoporosis® LS and FN, (%) 35.9% 36.4% 0.92(0.71,1.21)
Objective cognitive functioning ACS Beta coefficient*
Z-score verbal memory, mean (sd) -0.22.(0.98) -0.22.(0.97) 0.07(-0.17-0.31)
Z-score speed, mean (sd) 0.34(0.80) 0.14 (0.81) 0.13 (-0.05-0.31)
Z-score executive functioning, mean (sd) 0.44 (0.72) 0.29 (0.80)( 0.18 (-0.01-0.38)
Z-score attention, mean (sd) 0.20(0.72) 0.07(0.77) 0.13 (-0.04-0.31)
Subjective cognitive functioning ACS 0dds ratio*
Problems with reasoning, (%) 14.0% 13.9% 0.76 (0.38-1.51)
Problems with memory, (%) 19.2% 21.9% 0.97(0.55-0.99)
Problems with attention, (%) 16.2% 19.0% 0.97(0.53-1.77)
Problems with concentration, (%) 16.2% 19.7% 0.90 (0.48-1.66)
Problems with multitasking, (%) 12.3% 10.2% 0.62(0.28-1.39)
Problems with slow thinking, (%) 8.1% 8.0% 0.67(0.25-1.79)
Sexual functioning Beta coefficient’
SAQ sexual pleasure score, mean (sd) 9.1 8.1 -1.01 (-1.97;-0.04)
0dds ratio®
Substantial sexual discomfort, (%) 37.5% 41.5% 1.03 (0.59-1.79)
Substantial vaginal dryness, (%) 41.8% 49.0% 0.87(0.57-1.33)
Urinary incontinence Odds ratio®
Symptomatic urinary incontinence, (%) 22.6% 20.5% 1.00 (0.95-1.04)

Urge urinary incontinence, (%) 12.5% 16.6% 0.54 (0.28-1.04)
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Table 3. Continued

RRSO <41years RRSO41-45years  Multivariably adjusted

N=159 N=341 risk of outcomes (95% CI)
Stress urinary incontinence, (%) 11.8% 12.5% 1.00 (0.52-1.92)
HRQOL SF-36 scale Relative risk’
SF-36 PCS <50.0, (%) 48.0% 50.2% 0.99 (0.81-1.22)
SF-36 MCS <42..0, (%) 13.3% 17.4% 0.83(0.51-1.36)
Cancer Worry scale Relative risk®
Fear of cancer (score >14), (%) 51.1% 52.1% 0.98 (0.81-1.19)

Values are percentages (%) for categorical variables and means with standard deviation for normal
distributed variables. PCS: physical component score, MCS; mental component score; SAQ: sexual
activity questionnaire; sd: standard deviation; LS: lumbar spine; FN: femoral neck; CAC: coronary artery
calcium; ACS: Amsterdam cognition scale.

- Adjusted for age, hypertension and dyslipidemia. > Adjusted for MHT, BMI and AR use. * Adjusted
for age, MHT, BMI and AR use. * Adjusted for breast cancer, MHT, depression, educational level.
5- Adjusted for age, breast cancer, MHT, BMI and body image. * Adjusted for age, breast cancer, BMI parity
and delivery mode. ™ Adjusted for age, parity, work status and daily sitting hours. * Adjusted for age.
1-6 previously published results, 7-8 unpublished data.

* Osteopenia/osteoporosis is defined as T-score <-1.0.

** % often/most of the time/always problems.

Perception of the decision to undergo RRSO

In the entire premenopausal RRSO group, a substantial proportion of women
experienced the choice whether or not to undergo RRSO as difficult (21.2% difficult;
7.5% neutral; 71.7% not difficult; see Table 4). The large majority (75.9%) considered
themselves to be well-informed when deciding to undergo RRSO (16.1% disagreed).
In general, the decision to undergo RRSO lead to less fear of cancer (70.9% in the
premenopausal RRSO group, 70.5% in the postmenopausal RRSO group).

Table 4. Decision to undergo RRSO: perception in retrospect in the entire HARMOny study (n=740).

Premenopausal RRSO Postmenopausal RRSO Total
N=500 N=240
The decision was difficult
Totally disagree 50.6% 61.4% 53.7%
Disagree 20.6% 19.0% 20.2%
Neutral 7.5% 6.5% 7.2%
Agree 13.7% 3.8% 10.9%

Totally agree 7.5% 9.2% 8.0%
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Table 4. Continued

Premenopausal RRSO Postmenopausal RRSO Total

N=500 N=240

I was well informed when making my decision

Totally disagree 10.5% 13.5% 11.4%
Disagree 5.8% 2.1% 4.7%
Neutral 7.9% 3.7% 6.7%
Agree 31.0% 18.8% 27.4%
Totally agree 44.9% 62.0% 49.9%

This decision has reduced my fear of cancer

Totally disagree 6.4% 10.0% 7.5%

Disagree 7.9% 3.2% 6.5%

Neutral 14.8% 16.3% 15.2%

Agree 32.6% 22.6% 29.7%

Totally agree 38.3% 47.9% 41.1%
Discussion

The HARMOny study is the first to investigate the long-term health effects of
a premenopausal RRSO (15-25 years after surgery) on a number of outcomes,
including HRQOL. Overall, the results are quite reassuring for women undergoing
premenopausal RRSO.

Regarding adverse health outcomes, we did not find any evidence for a possibly
increased risk of (subclinical) CVD in the premenopausal compared with the
postmenopausal RRSO group. Although women who underwent a premenopausal
RRSO had lower bone mineral density, they did not have increased risk of osteopenia
or osteoporosis. While women in the premenopausal RRSO group reported more
(subjective) problems with reasoning, we found no differences in objectively
measured cognition using a validated online cognition test. Furthermore, we
found no significant differences in sexual pleasure or urge urinary incontinence
between the pre- and postmenopausal RRSO groups. We did observe, however,
more vaginal dryness, sexual discomfort and more stress urinary incontinence in
the premenopausal compared with the postmenopausal RRSO group. While these
differences were statistically significant, they were rather small and their clinical
relevance is debatable. We observed no differences in our outcomes of interest
according to timing of premenopausal RRSO (RRSO<41 years vs RRSO 41-45 years).
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Rather few women in our premenopausal RRSO group had used MHT, this may be
related to the relative low frequency of MHT use in the Netherlands in general.* MHT
use turned out not to be a confounder in our CAC analyses and we did not find a
protective effect of MHT use, neither for ever use nor for the duration of use.™ In
contrast, MHT was a confounder for the association between premenopausal RRSO
and both BMD and sexual functioning. Women who ever used MHT were at increased
risk of experiencing symptomatic urinary incontinence, possibly because they were
prescribed MHT more often for this very reason. Since data on the type of MHT use
were largely missing, we were not able to investigate possible explanations regarding
specific treatments further.

Regarding HRQOL, we observed no differences between women in the premenopausal
and postmenopausal RRSO groups in women who were 60-70 years at study visit.
In addition, the SF-36 scores of the premenopausal RRSO group were at as good as
scores in the postmenopausal RRSO group and the general population on both the
mental and physical health subdomains. # Our findings are consistent with studies
with relatively shorter follow-up times (median up to 5 years), showing no clinically
significant differences in HRQOL after RRSO compared with the general population
or with women at high familial risk of ovarian cancer who underwent screening. >
However, most studies did not account for timing of the RRSO or MHT use,
obscuring possible effects of estrogen deficiency on HRQOL. In our study, we found
no influence of ever MHT use on HRQOL in women aged 60-70 at study. In addition,
two recent prospective trials that compared RRSO with salpingectomy with delayed
oophorectomy (and therefore delayed estrogen deficiency) found no differences in
HRQOL 1 year after surgery. >

Unsurprisingly, we observed no long-term influence of the timing of RRSO on fear
of cancer, neither for pre vs postmenopausal RRSO, nor for RRSO < 41 years vs RRSO
between 41-45 years (prevalence of fear of cancer = 51% in all groups (see Table 3
and 4). Importantly, a large majority of the women in our study reported that the
decision to undergo RRSO substantially reduced their fear of cancer (70.9% in the
premenopausal RRSO group; 70.5% in the postmenopausal RRSO group, see Table 5).
Studies suggest that women who underwent an RRSO had less short-term fear of
cancer compared to women who underwent screening for familial ovarian cancer.
Because all women in our study underwent RRSO, it was not feasible to investigate
the long-term effects of undergoing an RRSO compared to no RRSO on the fear of
cancer. In the premenopausal RRSO group, 16.1% of the women reported they were
not well informed when making the decision to undergo RRSO, this is important
information for health care professionals involved in counseling these women.



Long-term outcomes of surgical menopause after RRSO; results of the HARMOny study | 121

Strengths and limitations

The HARMOny study has several strengths such as its large sample size, a good
participation rate of 61.8%, the fact that is was nested in an established cohort, and
the use of a comparison group of women with a postmenopausal RRSO selected from
the same cohort. By directly comparing women at high familial risk of ovarian cancer
with a pre- or postmenopausal RRSO, potential confounding by indication for surgical
menopause and selection bias was strongly reduced. Such biases affected the results
of most other studies in this research field because these reports included women
with indications for oophorectomy other than RRSO in the intervention group and
(premenopausal) women from the general population in the comparison group.

A limitation of our study is the difference in age between the premenopausal RRSO
(<45 years) and postmenopausal RRSO (=54 years) groups in the entire study population.
However, we addressed this limitation by restricting our analyses to women aged
60-70 years at study enrollment. In addition, we used the entire premenopausal RRSO
group to assess the association between timing of a premenopausal RRSO (<41 years vs
41-45 years) and potential long-term adverse outcomes. When interpreting our results,
it is important to note that 98% of the participants were Caucasian. Selection bias may
also have occurred due to differences in response rates between the premenopausal
(68.0%) and postmenopausal groups (50.8%). A likely explanation is that women in the
postmenopausal RRSO group felt less inclined to participate as our research hypotheses
focused on the consequences of premenopausal surgical menopause. However, there
is a possibility that the relatively older women eligible for the postmenopausal RRSO
group did not participate in our study because of morbidity or mortality directly
caused by outcomes in our study, especially CVD-related outcomes. We addressed this
potential bias by using previously collected data from questionnaire surveys completed
for the HEBON cohort in which our study was nested. * In these questionnaires,
current non-responders in the postmenopausal RRSO group did not report a lower or
higher prevalence of cardiovascular disease than responders.

Conclusion

Apremenopausal RRSO does not appear to be associated with long-term cardiovascular
disease risk, cognition, HRQOL or fear of cancer. However, it is associated with sexual
functioning and bone mineral density. Overall, the results are quite reassuring for
women undergoing premenopausal RRSO.
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Supplements

Table S1. Patient characteristics women in the HARMOny study (n=740)".

Premenopausal RRSO Postmenopausal RRSO p-value
(RRSO <45) (RRSO>55)
N=500 N=240
Age at study, years 59.2 (57.6-62.1) 69.8 (67.0-73.2) <0.001
Age at menopause, years 42.0 (40.0-44.0) 51.0 (50.0-53.) <0.001
Time since RRSO years 18.1(15.3-21.3) 11.6 (10.2-13.9) <0.001
BRCA GPV carrier status <0.001
BRCA1 germline mutation  48.2% 29.6%
BRCA2 germline mutation  19.2% 35.8%
Non-carrier of BRCA1/2 32.6% 34.6%
Education <0.001
Primary school/lower level ~ 31.3% 44.6%
high school
Middle level high school 35.8% 17.7%
Advanced vocational/ 32.9% 37.7%
university
Work status <0.001
Full-time/part-time job 64.1% 9.8%
Retired 8.2% 72.9%
Housewife/voluntary work — 12.3% 13.1%
Completely/partially 12.9% 4.2%
incapacitated
Unemployed 2.6% 0.0%
Children, one or more 83.1% 84.5% 0.65
Ever MHT use 29.9% 10.8% <0.001
History of breast cancer 59.8% 65.4% 0.14
Radiotherapy 38.0% 40.0% 0.60
Chemotherapy 45.8% 35.2% 0.006
Endocrine therapy 23.2% 21.9% 0.70
No hours sport, weekly 1.5 (0.0-3.0) 2.0 (0.0-3.0) 0.45

No hours sitting, daily 6.0 (4.0-8.0) 6.0 (4.0-8.0) 0.23
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Table S1. Continued

Premenopausal RRSO Postmenopausal RRSO p-value
(RRSO <45) (RRSO>55)
N=s500 N=240
BMI, kg/mz 25.3(22.8-29.0) 25.0(22.9-28.7) 0.34
Smoking 0.71
Active smoker 9.8% 3.3%
Former smoker 41.0% 52.1%
Never 49.2% 44.6%
Alcohol >1 drinks daily 53.8% 50.4% 0.39
Hypertension™ 44.6% 66.7% <0.001
Dyslipidemia*™** 36.2% 45.8% 0.012
Depression, ever 15.5% 11.4% 0.15
Chronic disease, ever any 47.2% 47.9% 0.86

Values are percentages(%) for categorical variables, means with standard deviation for normal

distributed variables, and medians with interquartile range for variables with a skewed distribution.

P-value was calculated using independent samples t-test, X2 test and Mann-Whitney U test.

GPV, germline pathogenic variant; MHT, menopausal hormone therapy; BMI, body mass index; LDL, low

density lipoprotein.

*Due to COVID -19 some of the participants of the questionnaires were not able to participate in the
clinical visit. Data shown is of the participants that completed the clinical visit.

**Hypertension: either antihypertensive medication, a systolic blood pressure >140mmHg or a diastolic

blood pressure >9ommHg.

***Dyslipidemia: either lipid lowering medication or a LDL cholesterol >4.0 mmol/L.
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Table S3. Descriptive statistics of women with a premenopausal RRSO (n=500).

RRSO<41yr RRSO 41-45yr p-value
N=159 N=341
Age at study visit, years 58.8 (57.2-61.6) 59.5 (57.8-62.3) 0.020
Age at menopause, years 39.0 (37.0-40.0) 43.0 (42.0-44.0) <0.001
Time since RRSO years 20.9 (19.1-23.3) 16.6 (14.3-19.5) <0.001
BRCA PV carrier status <0.001
BRCA1 germline mutation 60.4% 42.5%
BRCA2 germline mutation 14.5% 21.4%
Non-carrier of BRCA1/2 25.2% 36.1%
Educational level 0.36
Primary school/lower level high school 31.5% 31.1%
Middle level high school 30.2% 38.6%
Advanced vocational/university 38.3% 30.5%
Employment status 0.56
Completely/partially incapacitated for work 12.9% 12.9%
Full-time job/part-time job 65.3% 63.5%
Housewife/voluntary work 14.3% 11.3%
Retired 5.4% 9.4%
Unemployed 2.0% 2.8%
Children, one or more
MHT use, ever any 48.4% 21.2% <0.001
Breast cancer 50.9% 63.9% 0.006
Radiotherapy 32.1% 40.8% 0.062
Parasternal radiotherapy 7.4% 9.3% 0.48
Chemotherapy 37.1% 49.9% 0.008
Endocrine therapy 11.9% 28.4% <0.001
No hours sport, weekly 1.5 (0.0-3.0) 1.0 (0.0-3.0) 0.80
No hours sitting, daily 6.0 (5.0-9.0) 6.0 (4.0-8.0) 0.37
BMI, kg/m2 24.5 (22.5-29.1) 25.6(22.9-29.0) 0.28
Smoking 0.77
Active smoker 9.4% 10.0%
Former smoker 39.0% 41.9%

Never 51.6% 48.1%
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Table S3. Continued

RRSO<41yr RRSO 41-45yr p-value
N=159 N=341
Alcohol >1 drinks daily 50.9% 55.1% 0.38
Hypertension® 41.5% 46.0% 0.34
Dyslipidemia** 38.4% 35.2% 0.49
Depression, ever 17.1% 14.7% 0.49
Chronic disease, ever any*** 50.0% 45.9% 0.39

Values are percentages(%) for categorical variables, means with standard deviation for normal

distributed variables, and medians with interquartile range for variables with a skewed distribution.

P-value was calculated using independent samples t-test, X2 test and Mann-Whitney U test.

GPV, germline pathogenic variant; MHT, menopausal hormone therapy; BMI, body mass index; LDL, low

density lipoprotein.

*Due to COVID -19 some of the participants of the questionnaires were not able to participate in the
clinical visit. Data shown is of the participants that completed the clinical visit.

**Hypertension: either antihypertensive medication, a systolic blood pressure >140mmHg or a diastolic

blood pressure >9ommHg.
“**Dyslipidemia: either lipid lowering medication or a LDL cholesterol >4.0 mmol/L.



Long-term outcomes of surgical menopause after RRSO; results of the HARMOny study | 131

Table S4. Descriptive statistics quality of life outcomes HARMOny study in women with a
premenopausal RRSO.

RRSO<41years RRSO41-45years  Univariate  Effectsize

analyses
Score Score p-value Cohen’sd

SF-36 scale

Physical functioning 83.1(20.4) 82.3(20.5) 0.71 -0.04

Role limitations physical health 76.8 (36.6) 74.9 (38.2) 0.61 -0.05

Role limitations emotional health 87.5(28.4) 85.0 (32.8) 0.42, -0.08

Pain 74.4 (22.7) 72.4 (23.2) 0.39 -0.08

General health 62.3 (21.3) 63.4 (20.7) 0.57 0.05

Social functioning 79.9 (25.3) 76.7(25.8) 0.19 -0.13

Emotional well-being 79.1(14.8) 76.0 (15.9) 0.040 -0.20

Energy/fatigue 66.3 (19.0) 63.4(20.4) 0.13 -0.15
SF-36 component scores

Physical component score (PCS) 47.3(9.9) 47.1(10.5) 0.84 -0.02

Mental component score (MCS) 52.7(9.2) 50.8 (10.1) 0.051 -0.19
Lerman Cancer Worry scale

Total 8-point scale 14.0 (4.6) 13.8 (4.3) 0.63 -0.05

Fear of cancer (score >14) 51.1% 52.1% 0.84

Values are means with standard deviation. P-value was calculated using independent samples t-test. The
SF-36 domain scores linearly converted to a o to 100 scale, with higher scores indicating higher levels
of HRQOL.
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Abstract

Background

Women with a BRCA1/2 pathogenic variant are advised to undergo premenopausal
risk-reducing salpingo-oophorectomy after completion of childbearing, to reduce
their risk of ovarian cancer. Several studies reported less sexual pleasure one to three
years after a premenopausal oophorectomy. However, the long-term effects of a
premenopausal oophorectomy on sexual functioning are unknown.

Objective

Our aim was to study long-term sexual functioning in women at increased familial
risk of breast/ovarian cancer who underwent a risk-reducing salpingo-oophorectomy
either before the age of 46 years (premenopausal group), or after the age of 54 years
(postmenopausal group). We performed subgroup analyses in the premenopausal
group, comparing early (before the age of 41 years) and later (at ages 41-45 years)
premenopausal risk-reducing salpingo-oophorectomy.

Study design

Between 2018 and 2021, we invited 817 women with a high familial risk of breast/
ovarian cancer from an ongoing cohort study to participate in our study. Due to a large
difference in age at study between the premenopausal and postmenopausal salpingo-
oophorectomy groups, we restricted the comparison of sexual functioning between
the groups to 368 women who were 60-70 years old at completion of the questionnaire
(premenopausal group, n=226, postmenopausal group, n=142). In 496 women with a
premenopausal risk-reducing salpingo-oophorectomy we compared sexual functioning
between women in the early premenopausal group (n=151) and the later premenopausal
group (n=345). Differences between groups were analyzed using multiple regression
analyses adjusting for current age, breast cancer history, use of hormone replacement
therapy, body mass index, chronic medication use (yes/no) and body image.

Results

Mean time since risk-reducing salpingo-oophorectomy was 20.6 years in the
premenopausal group and 10.6 years in the postmenopausal group (p-value <.001).
In the premenopausal group, mean age at questionnaire completion was 62.7 years,
versus 67.0 years in the postmenopausal group (p<.oo1). In the premenopausal
group, 47.4% was still sexually active, compared to 48.9% of the postmenopausal
group (p-value: .80). Current sexual pleasure scores were the same for women in
the premenopausal group and the postmenopausal group (mean pleasure score 8.6,
p-value .99). However, women in the premenopausal group more often reported
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substantial discomfort than women in the postmenopausal group (35.6% compared
with 20.9%, p-value .04). After adjusting for confounders, premenopausal risk-
reducing salpingo-oophorectomy was associated with substantially more discomfort
during sexual intercourse, compared to postmenopausal risk-reducing salpingo-
oophorectomy (odds ratio 3.1, 95% confidence interval 1.04; 9.4). Moreover, following
premenopausal risk-reducing salpingo-oophorectomy, more severe complaints
of vaginal dryness were observed (odds ratio 2.6, 95% confidence interval 1.4; 4.7).
Women with a risk-reducing salpingo-oophorectomy before age 41 reported
similar pleasure and discomfort scores as women with a risk-reducing salpingo-
oophorectomy between ages 41 and 45.

Conclusion
More than 15 years after premenopausal risk-reducing salpingo-oophorectomy,

the proportion of sexually active women was comparable to that among women
with a postmenopausal risk-reducing salpingo-oophorectomy. However, after a
premenopausal risk-reducing salpingo-oophorectomy, women experienced more
vaginal dryness and more often had substantial sexual discomfort during sexual
intercourse. This did not lead to less pleasure with sexual activity.
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Introduction

Risk-reducing salpingo-oophorectomy (RRSO) is performed to prevent ovarian/
tubal cancer in women with a high familial risk, such as BRCA1/2 pathogenic variant
(PV) carriers. RRSO is advised after completion of childbearing, preferably at ages
35-40 years for BRCA1 PV carriers, and at ages 40-45 years for BRCA2 PV carriers.!
RRSO induces an immediate menopause which may result in short-term and long-
term morbidity such as decreased psychosexual functioning.

Reduced circulating estrogen levels due to menopause result in vulvovaginal atrophy,
which may predispose to micro-traumata when vaginal penetration occurs.> Up to
69% of postmenopausal women report vulvovaginal atrophy, with an increasing
prevalence with a longer duration of menopause.*® Hormone replacement therapy
(HRT) may not alleviate symptoms and is often not recommended in BRCA PV
carriers due to the risk of breast cancer.’

Several studies have examined the effect of RRSO on sexual functioning.” Most
showed that, shortly after RRSO, women experienced more discomfort and less
pleasure with sexual activity."* However, this difference was not observed six years
after RRSO.” It is possible that women developed coping mechanisms or explored
practical solutions, in the years following RRSO, to be able to still be sexually active.
Previous studies had several methodological limitations; age at study inclusion and
age at RRSO varied widely and adjustment for confounding factors, i.e. breast cancer
history and HRT use, was done inconsistently. Also, there are no long-term data on
the impact of duration of menopause on sexual functioning.

The aim of this study was to investigate the impact of a premenopausal RRSO
on sexual functioning after at least 10 years. To overcome limitations in previous
research we selected a large study cohort of women currently aged 55 years or
older with a high familial risk of breast/ovarian cancer. We compared women who
underwent a premenopausal RRSO (<45 years) with women who underwent a
postmenopausal RRSO (>54 years), and we performed subgroup analyses according
to age at premenopausal RRSO, breast cancer history and HRT use.
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Materials and Methods

Patient selection and recruitment

Participants were Dutch women participating in the HARMOny study' (ClinicalTrials.
gov NCT03835793): a multicenter cross-sectional study, nested in a cohort of women
at high familial risk of breast/ovarian cancer. 7" Study design and procedures have
been described previously. ** Briefly, between 2018 and 2021, we invited women to
participate in a study assessing the long-term effects of RRSO on cardiovascular
disease, bone health, cognition and quality of life. Eligibility criteria included a
high familial risk of breast/ovarian cancer, current age of >55 years and having
undergone RRSO either before age 45 or after age 54. Exclusion criteria were ovarian
cancer, metastatic disease and therapy-induced menopause >5 years before RRSO.
Breast cancer was not an exclusion criterion. Women were recruited from all Dutch
university medical centers and the Netherlands Cancer Institute (NKI). The study has
been approved by the Institutional Review Board of the NKI

Study assessments

Women were asked to complete a questionnaire on general health, cancer-specific
outcomes, and medical treatments, including use of HRT (never, former, current
use) and alternatives for HRT (e.g. herbal supplements, cognitive behavioral therapy,
exercise). The questionnaire extensively addressed menopausal symptoms, including
vaginal dryness, and body image (Supplementary Table 1).*

Sexual Activity Questionnaire (SAQ)

We assessed sexual functioning using the Sexual Activity Questionnaire (SAQ)
(Supplementary Table 1).>° The SAQ is a validated questionnaire and consists of three
parts.?22 The first part assesses whether a woman is currently sexually active; those
who are not sexually active complete the second part on reasons for sexual inactivity
(Supplementary Table 3). Sexually active women complete the third part, which
assesses several aspects of sexual function: pleasure, desire, satisfaction, vaginal
dryness, penetration pain and frequency of intercourse. We specifically asked women
to report on non-coital intercourse and masturbation. The questionnaire employs a
4-point Likert scale (‘very much’, ‘somewhat’, ‘a little’, ‘not at all’). A composite score
was calculated for ‘pleasure’ (range 0-18), ‘discomfort’ (range 0-6) and ‘habit’ (i.e.
frequency of habitual sexual activity, range o-3).2°**

Statistical analyses
Differences in characteristics between the premenopausal and the postmenopausal
RRSO groups were evaluated using the x> test or Fisher’s exact test for categorical
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data, and independent samples t-test for continuous data. The association between
timing of RRSO and the various endpoints was analyzed using multiple linear
regression for the SAQ pleasure score and multiple logistic regression for the SAQ
discomfort score, the SAQ habit score, vaginal dryness and pain with intercourse,
yielding regression coefficients and odds ratios (ORs) with accompanying 95%
confidence intervals (95%CI). We created dichotomous variables for the discomfort
score and the severity of vaginal dryness, comparing no/some discomfort
(discomfort score <2) with substantial discomfort (discomfort score >3), and no/
somewhat vaginal dryness (score <3) with substantial vaginal dryness (score >4). The
postmenopausal RRSO group was used as the reference group. We adjusted for age
at questionnaire completion and breast cancer history as potential confounders.
Last, we included HRT, BMI, hysterectomy (yes/no), preventive mastectomy (yes/no),
chronic medication use (yes/no) and body image in our multiple regression analyses.
A variable was removed from the model if the p-value for its association with the
outcome in the multivariate model was >.10. Due to collinearity between the variable
‘timing of RRSO’ (premenopausal or postmenopausal RRSO) and ‘years since RRSO’,
we performed regression analyses with ‘timing of RRSO’ as an independent variable.
Subsequently, we performed sensitivity analyses with ‘years since RRSO’. We also
performed stratified analyses by breast cancer history and, within the premenopausal
RRSO group, by age at RRSO (<40 years vs 41-45 years), breast cancer history and HRT
use. For all statistical analyses, Stata, version 15.0 (StataCorp LLC) was used. P-values
<.05 were considered statistically significant.

Results

Participation

In total, 787 women gave informed consent (response rate 60.0%), of whom 525 were
in the premenopausal RRSO group (RRSO < 45 years of age) and 262 women in the
postmenopausal RRSO group (RRSO >55 years of age) (Figure 1). In the premenopausal
RRSO group 15.6% declined participation compared to 33.8% in the postmenopausal
RRSO group.
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Figure 1. Participant Flowchart.

Number of participants enrolled, non-responders and number of women who declined participation.
We have sent out regular reminders to women to complete the online questionnaire. We compare women
with a premenopausal RRSO with women with a postmenopausal RRSO and secondly we compare
within the premenopausal RRSO group women with an early premenopausal RRSO with women with a

later premenopausal RRSO.

Participant characteristics

In the complete study population, mean age at questionnaire completion was
60.0years in the premenopausal group, compared to 70.2 years in the postmenopausal
group (p-value <.001) (Table 1). Compared to the postmenopausal RRSO group,
women in the premenopausal group more often had a partner (83.7% versus 72.9%,
p-value .001) and were more often sexually active (57.6% versus 39.3%, p-value <.001).
These differences could be largely explained by the older age of the postmenopausal
RRSO group at questionnaire completion; with advancing age, the percentage of
sexually active women decreased (Figure 2). Because women in the premenopausal
RRSO group were substantially younger than women in the postmenopausal
RRSO group, we restricted the comparison of sexual functioning between these
groups to 368 women who were 60-70 years old at completion of the questionnaire
(premenopausal group, n=226, postmenopausal group, n=142). Within all 496 women
with a premenopausal risk-reducing salpingo-oophorectomy we compared sexual
functioning between women in the early premenopausal group (n=151) and the
later premenopausal group (n=345). Results from analyses of the complete study
population are provided in supplementary tables 5, 6 and Figure S1.
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Among women aged 60-70 years at study, mean time since RRSO was 20.6 years in
the premenopausal group and 10.6 years in the postmenopausal group (Table 1). This
difference is inherent to the inclusion criteria for the study. In the premenopausal
group, mean age at questionnaire completion was 62.7 years, compared to 67.0
years in the postmenopausal group (p-value <.001). Sixty-nine percent of women
in the premenopausal-RRSO group carried a BRCA1/2 PV versus 63.8% in the
postmenopausal RRSO group (p-value .40). In the premenopausal RRSO group, 59.7%
of women had a history of breast cancer, compared to 58.2% in the postmenopausal
group (p-value .73). Breast cancer treatment did not differ between the groups. HRT
was more often prescribed to women in the premenopausal RRSO group (29.1%,
versus 9.2% in the postmenopausal RRSO group; p-value <.001). The duration of HRT
use was similar in both groups (mean 1.9 years).

Table 1. Characteristics of study participants.

Entire study population Women aged 60-70 years

Patient characteristics Premenopausal Postmenopausal Premenopausal Postmenopausal
RRSO (n=499) RRSO (n=256) RRSO (n=226) RRSO (n=142)

Age at questionnaire completion 60.0 (3.5) 70.2.(4.3) * 62.7(2.5) 67.0 (2.1) *
(mean, SD)
Age at RRSO (mean, SD) 41.7 (2.8) 58.4(3.6) * 42.1(2.5) 56.5 (1.9) *
Time since RRSO (mean, SD) 18.3 (4.1) 11.9(3.0) * 20.6(3.3) 10.6(1.9) *
Pathogenic genetic variants
BRCA1 germline mutation 241 (49.2%) 75 (29.4%) * 112 (49.6%) 39 (27.5%)
BRCA2 germline mutation 96 (19.6%) 95 (37.3%) * 43 (19.0%) 51(28.9%) *
Established non-carrier 153 (31.2%) 96 (33.3%) 70 (31.0%) 51(28.9%)
Breast cancer (yes) 293 (59.0%) 166 (65.1%) 135 (59.7%) 82 (58.2%)
Breast cancer before RRSO 235 (84.8%) 146 (91.3%) * 104 (80.6%) 72 (91.1%) *
Breast cancer after RRSO 42, (15.2%) 14 (8.8%) * 25 (19.4%) 7(8.9%) *
Treatment of breast cancer
Surgery 284 (97.6%) 159 (98.8%) 132 (97.1%) 80 (98.8%)
Chemotherapy 222.(76.3%) 86 (52.4%) ™ 97 (48.7%) 51(42.9%)
Radiotherapy 182 (62.5%) 95 (59.0%) 86 (63.2%) 54 (66.7%)
Endocrine therapy 106 (36.4%) 53 (32.9%) 41(30.2%) 29 (35.8%)
Prophylactic mastectomy (yes) * 300 (62.1%) 84 (34.6%) * 140 (61.9%) 48 (33.8%) *

HRT use
Current user 26 (5.2%) 2(.8%)* 14 (6.2%) 1(.7%) *
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Table 1. Continued

Entire study population Women aged 60-70 years
Past user 101 (20.0%) 27(10.5%) * 46 (20.4%) 11 (7.7%) *
Never user 332.(66.5%) 210 (82.0%) * 146 (64.6%) 118 (83.1%) *
HRT duration in years 2.2.(4.5) 1.4 (3.3) 2.1(4.4) 1.6 (3.9)
(mean (SD))
Type of HRT
Tibolone 37(29.1%) 2.(6.9%) 1(.4%) 0(0.0%)
Estradiol/progestogen 30 (23.6%) 0(0.0%) 13 (5.8%) 0(0.0%)
Estradiol only 11 (8.7%) 2.(6.9%) 7 (3.1%) 1(.7%)
Vaginal estrogen 2 (1.6%) 0 (0.0%) 1(.4%) 0(0.0%)
Unknown 47 (37.0%) 25 (86.2%) 204 (90.3%) 141(99.3%)
BMI (mean, SD) 26.5 (5.0) 25.8 (4.5) 26.6(5.2) 26.2(5.0)
Hysterectomy (Yes)® 69 (16.2%) 53 (28.5%) * 43 (19.3%) 28 (19.7%)
Body Image (EORTC-BR23) 13.5 (18.3) 7.2(11.3) " 19.6 (17.0) 9.0(13.1) *
(mean, sd)!!
Chronic medication (yes)® 217 (43.5%) 139 (54.3%) * 124 (54.9%) 49.3%)

*P-value < .05 Groups compared using independent samples t-test, Chi-squared test or Fishers exact
test.t All participants had a high familial risk of ovarian cancer. All women were tested for pathogenic
variants, not all had a BRCA1/2 mutation. Established non-carriers include women from BRCA1/2
families who tested negative as well as women from a breast/ovarian cancer family who tested negative
for the pathogenic variants tested in the Netherlands.

* Prophylactic mastectomy: bilateral or contralateral.

¢ In the Netherlands a hysterectomy is not standard of care when performing RRSO.

Il European Organization for Research and Treatment of Cancer Breast Cancer-Specific Quality of
Life Questionnaire19 (questions 9-12) with higher scores indicating more problems with body image
(range 0-100).

9Chronic medication use: any medication taken daily for cardiovascular risk factors, cardiovascular
disease or chronic disease.

Abbreviations: RRSO: risk-reducing salpingo-oophorectomy; SD: standard deviation; BMI: body mass

index; HRT: hormone replacement therapy in sexually active women Additional characteristics of the

study population are provided in supplementary table 2.
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Figure 2. Proportion of sexually active women by age category at completion of questionnaire.

Age 55-59 years: Premenopausal RRSO n=267 of whom 180 sexually active, postmenopausal RRSO
n= 0; Age 60-70 years: premenopausal RRSO n=226 of which 107 sexually active, postmenopausal RRSO
n=142 of whom 70 sexually active; Age 71+ years: premenopausal RRSO n=6 of whom 2 sexually active,
postmenopausal RRSO n= 114 of whom 32 sexually active.

Sexual activity and sexual functioning in women aged 60-70 years

In women aged 60-70 years, there was no difference in sexual activity between
the groups (premenopausal RRSO 47.4% versus postmenopausal RRSO 48.9%,
p-value .80). Among women who were sexually active (n=176), mean pleasure score
in the premenopausal RRSO group was 8.6 (SD 3.7), versus 8.6 (SD 3.0) in the
postmenopausal group (Figure 3a, p-value .80) (Answers to individual questions of
the pleasure score are in Supplementary Figure 3). Sexually active women with a
premenopausal RRSO had slightly higher discomfort scores than sexually active
women with a postmenopausal RRSO (2.0 (SD 1.9) and 1.5 (SD 1.6, respectively
p-value: .07) and women with a premenopausal RRSO more often had substantial
discomfort than women with a postmenopausal RRSO (35.6% versus 20.9%,
respectively, p-value .04) (Figure 3a, distribution of discomfort score Figure 3b). After
adjustment for confounders, premenopausal RRSO was significantly associated with
substantial discomfort during sexual intercourse (OR 3.1, 95%CI 1.04;9.4) (Table 2).
The association between the mean pleasure score and the different discomfort scores
can be found in Supplementary figure 4.
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Figure 3 Mean sexual activity subscale scores and standard deviation

(A) Mean pleasure, discomfort and habit scores in women aged 60-70 years comparing premenopausal
RRSO with postmenopausal RRSO. Range pleasure score 0 — 18. Range discomfort score 0 — 6. Range habit
score 0-3 (B) Distribution of discomfort score in women aged 60-70 years comparing premenopausal
RRSO with postmenopausal RRSO (C) Sexual activity questionnaire function subscales for women in the
premenopausal RRSO group comparing early premenopausal RRSO with later premenopausal RRSO.
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Vaginal dryness was assessed among women who were and were not sexually active.
Women with a premenopausal RRSO reported more severe complaints of vaginal
dryness, with 47.0% of women in the premenopausal group reporting substantial
vaginal dryness compared to 31.1% in the postmenopausal RRSO group (p-value
<.001) (Figure 4b). Also after adjustment for confounders, a premenopausal RRSO
was associated with substantial complaints of vaginal dryness (OR 2.6, 95%CI 1.4; 4.7).
(Table 3). Within the sexually active group, results were similar: among women with
a premenopausal RRSO 46.1% reported substantial complaints of vaginal dryness
compared to 24.2% of women with a postmenopausal RRSO (p-value <.01) (Figure 4a).
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A SEVERITY OF VAGINAL DREYNESS ACCORDING T0 SEXUAL ACTIVITY
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Figure 4. Severity of complaints of vaginal dryness

(A) in total study population comparing women who were sexually active and women who were not
sexually active (B) in women aged 60-70 years comparing premenopausal RRSO with postmenopausal
RRSO (C) in women with a premenopausal RRSO comparing women with a RRSO before age 41 and
women with a RRSO at ages 41-45 years.
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Subgroup analyses in the entire premenopausal RRSO group

Timing of RRSO (before age 41 versus at ages 41-45 years)

Among women with an early premenopausal RRSO (before age 41, n=151), 56.0% were
still sexually active at time of questionnaire completion, compared with 60.9% in
the late premenopausal RRSO group (RRSO at ages 41-45 years, n=348) (p-value .34).
Women with an early premenopausal RRSO did not differ from women with a late
premenopausal RRSO with respect to sexual pleasure or discomfort scores (Figure 3c¢).
Complaints about vaginal dryness were also similar (Figure 4c); 42% of women with
an early premenopausal RRSO reported substantial vaginal dryness compared to 49%
in the late premenopausal RRSO group (p-value .27).

Ever HRT-use versus never HRT-use in the premenopausal RRSO group

Women with a premenopausal RRSO who never used HRT did not differ from ever
HRT users regarding sexual pleasure scores (mean pleasure score ever HRT-users 8.6
(SD 3.7), mean pleasure score never HRT-users 8.1 (SD 3.4) (p-value .32) or discomfort
scores (mean discomfort score HRT-users 2.0 (SD: 1.9), mean discomfort score never
HRT-users 2.6 (SD: 1.9, p-value .06). (Supplementary table 3)). However, women who
used HRT at time of study experienced less discomfort than never users (proportions
with substantial discomfort of 15.0% and 38.8%, respectively, p-value .04) and they
also reported less vaginal dryness (current users 20.8%, never users 47.9%, p-value
.01). However, this comparison was based on only 26 current users.

Women with a premenopausal RRSO with and without a history of breast cancer
Within the premenopausal RRSO group we compared women with (n=297) and
without a history of breast cancer (n=220). The proportions of women who were
sexually active, and the mean pleasure and discomfort scores were similar between
the groups (detailed results in supplementary table 3).

Comment

Principal findings

In this large cross-sectional study we assessed long-term sexual functioning
(>15 years) in women with a premenopausal RRSO (before age 46), compared to
women with a postmenopausal RRSO (after age 54). After adjustment for age and
breast cancer history, the proportion of sexually active women did not differ between
the groups; at the age of 60-70 years 48% of women in the premenopausal RRSO group
were still sexually active versus 45% in the postmenopausal RRSO group. Regarding
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sexual pleasure; the premenopausal and postmenopausal RRSO groups scored
similarly, indicating equal pleasure with sexual activity. However, after adjustment
for confounders such as age and breast cancer history, women with a premenopausal
RRSO more often experienced substantial discomfort during sexual intercourse, due
to more severe complaints of vaginal dryness. When comparing women with RRSO
before age 41 and RRSO at ages 41-45, there was no difference in mean discomfort
scores or in severity of vaginal dryness. Longer time since RRSO was not associated
with the amount of discomfort. Noteworthy, more vaginal dryness was not associated
with less pleasure with sexual intercourse. We propose several possible explanations.
Firstly, it is possible that women in our study experience discomfort with sexual
intercourse, and therefore no longer engage in sex with penile penetration. However,
they may be sexually active in other ways, from which they derive sexual pleasure
without being bothered by discomfort from vaginal dryness. Secondly, it could
be that women for whom sex is important are more proactive when it comes to
coping mechanisms and exploring practical solutions, such as lubricants, to be able
to be sexually active. Thirdly, it is possible that we experienced a so-called “floor”

effect in the scoring of the pleasure domain because the majority of respondent
do not consider sex a very important part of their life. Lastly, it is possible that the
high scores in sexual satisfaction and the lower scores in arousal have attenuated
respondents’ overall pleasure score. In line with previous literature, sexual pleasure,
sexual discomfort and/or the severity of vaginal dryness were not influenced by
ever use of HRT.* However, women who used HRT at time of study experienced less
discomfort and less vaginal dryness. As only 5.2% of women were current users, these
results must be interpreted with caution.

Result in the Context of What is Known

To the best of our knowledge, the only study with normative data for the SAQ is a
Norwegian study by Vistad et al.?> Compared with this study, our subscale scores
were lower, indicating less sexual pleasure, but also less discomfort. The frequency
of sexual activity was comparable. In a study on sexual activity in a Dutch general
population sample, 52% of the 60-70 year old participants were not sexually active,
which is comparable to the 54% in our sample in the same age category.” As they used
the Female Sexual Function Index rather than the SAQ, other comparisons with our
results are not possible.

Previous studies on sexual functioning after RRSO had short follow-up
(range 3-6 years) and reported that, shortly after RRSO, women experienced more
discomfort and less pleasure when engaging in sexual activity. Our study, with a
mean follow-up of 18.3 years after RRSO, is the first to assess the long-term effects
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of a premenopausal RRSO on sexual functioning, and shows that, in the long run,
pleasure with sexual activity is similar to that in women with a postmenopausal
RRSO. However, women with a premenopausal RRSO more often experienced
substantial discomfort during sexual intercourse and had more severe complaints
of vaginal dryness. Comparison of our study with other reports is difficult as
there were many differences in study populations and methods of analysis. Age at
RRSO varied widely across studies, as well as the comparison groups used; e.g. in
some analyses women with a premenopausal RRSO were combined with women
with a postmenopausal RRSO. Moreover, in previous reports mean age at study
(40-57 years) was younger than in ours, rendering comparisons of sexual functioning
between studies difficult. Furthermore, earlier studies did not always account for the
confounding and potential modifying effects of a breast cancer history and HRT use.
In our study, the majority of women (77.8%) never used HRT, this is likely due to the
high prevalence of previous breast cancer and conflicting reports regarding the safety
of HRT in the period when our study population underwent RRSO.?

Clinical Implications

Our study provides important information for clinicians counselling women who are
considering risk-reducing surgery. It is crucial to give a complete overview of possible
clinical and psychological sequelae and to set realistic expectations. Integrating our
results with studies evaluating short-term effects of RRSO, women can be informed
that shortly after a premenopausal RRSO, they can expect less pleasure and more
discomfort when engaging in sexual activity; in the long run, pleasure in sexual
activity will not be different from that of women with RRSO after menopause.
However, they can expect more discomfort with sexual intercourse and more vaginal
dryness. Treating physicians should proactively discuss sexual functioning with their
patients, and provide advice, including treatment options, in case of complaints.

Strengths and Limitations

A limitation of our study, although inherent to the inclusion criterion regarding
age at RRSO, is the difference in mean age at questionnaire completion between
the premenopausal and the postmenopausal RRSO groups. During recruitment,
it became clear that frequency-matching on current age was not possible, because,
from 2007 onwards, the national guideline for familial ovarian cancer strongly
recommended RRSO for all women with BRCA PV, at the age of 35-40 years for BRCA1
PV and at ages 41-45 for BRCA2 PV carriers.” Consequently, the majority of women
(94.5%) with a postmenopausal RRSO was tested and underwent RRSO before 2007.
To overcome this limitation, we performed analyses for women in the overlapping
age range, 60-70 at questionnaire completion. Another concern may be the difference
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in response rates between the premenopausal group (70.3%) and the postmenopausal
group (48.0%). A likely explanation is that women in the postmenopausal RRSO
group felt less inclined to participate as our research hypotheses were focused
on early surgical menopause. However, we do not think this has affected our
results, as it seems unlikely that current sexual activity would have affected study
participation differently in women with a premenopausal or postmenopausal RRSO.
The HARMOny study invitation letter focused on potential effects of premenopausal
RRSO on cardiovascular disease and bone health. A last concern may be that, despite
the fact that we defined sexual activity to include non-coital sex and masturbation in
the instructions for completing the SAQ, we cannot exclude the possibility that some
women may have interpreted the questions as referring only to sexual intercourse.
However, it is unlikely that such an interpretation would differ between the pre- and
postmenopausal RRSO groups.

Strengths of our study include the large sample size, providing sufficient power to
perform several subgroup analyses. Additionally, by excluding women with RRSO

at ages 46-54, we were able to make a more distinct evaluation of the differences in
sexual health between women who underwent RRSO prior to the onset of natural
menopause and thereafter. Our participation rate was acceptable (59%), given the
nature and focus of the study, and we employed validated questionnaires that are
widely used. Moreover, all women in our study completed questions on vaginal
dryness; not only women who were sexually active. Also, and more generally, our
study is one of the first to assess sexual functioning in a large group of women
aged 60 or older.

Conclusion

In conclusion, more than 15 years after premenopausal RRSO, women experienced
more severe complaints of vaginal dryness and more discomfort with sexual
intercourse than women with a postmenopausal RRSO. However, this did not result in
less pleasure with sexual activity. This knowledge can be integrated into pre-surgery
counseling regarding expected sexual functioning after premenopausal RRSO.
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Supplementary Table 1. Sexual activity questionnaire.

Questionnaire

Questions

Scoring system

Sexual activity
questionnaire (SAQ)*

Sexual active / not

I am not sexually active at the moment because’:

« I do not have a partner

« Iam too tired

« My partner is too tired

- Iam not interested in sex

« My partner is not interested in sex

- I have a physical problem which makes sexual
relations difficult or uncomfortable

« My partner has a physical problem which makes
sexual relations difficult or uncomfortable

“multiple reasons per person possible

Domains:

« Pleasure
1. Was having sex an important part of your life
2. Did you enjoy sexual activity
3. Did you desire to have sex with your partner?
4. In general were you satisfied after sexual

activity

5. How often did you engage in sexual activity
6. Were you satisfied with the frequency of sex

- Discomfort
1. Did you notice dryness of your vagina this
month during sexual intercourse
2. Did you feel pain or discomfort with sexual
intercourse this month?

- Habit
1. How did the frequency of sexual behavior
compare with what is usual for you?

9 items with a 4-point
Likert scale. o =not atall,
1=slightly, 2=
moderately, 3 = greatly.

Domain scores

were obtained by
adding together the
weighted loadings for
each question that
contributed to each
factor.

Subscale scores:
Pleasure 0-18; higher
scores indicate higher
level of pleasure.

Discomfort 0-6; higher
scores indicate higher
levels of discomfort.

Habit 0-3; single item.

o =less sexual activity
than usual to 3=much
more sexual activity than
usual.

European
Organization

for Research and
Treatment of Cancer
Breast Cancer-
Specific Quality of
Life Questionnaire
(EORTC QLQ-BR23)*

body image questions

Did you feel yourself physically less attractive as a
consequence from your illness or treatment?

Did you feel less feminine as a consequence from
your illness or treatment?

Did you found it difficult to see yourself naked?

Were you unhappy with your body?

Assessed on a 4-point
Likert scale. 1=not at all,
2 =slightly, 3=
moderately, 4 = greatly

The scale is linearly
transformed to a score
range 0 — 100 with
higher scores represents
higher levels of
functioning.
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Supplementary Table 1. Continued

Questionnaire Questions Scoring system
Functional I have vaginal discharge Assessed on a 5-point
Assessment of o Likert scale. 0 = not at
Cancer Therapy - I have vaginal itching/irritation all, 1= a little bit, 2.=
Endocrine Symptoms [ have vaginal bleeding/spotting somewhat, 3 = quite a
(FACT-ES)? bit, 4 =very much

I have vaginal dryness

I have pain or discomfort with intercourse
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Supplementary Table 2. Additional characteristics of all study participants.

Entire study population Women aged 60-70 years

Premenopausal Postmenopausal Premenopausal Postmenopausal
RRSO (n=499) RRSO (n=256) RRSO (n=226) RRSO (n=142)

Psychological interventions 45 (9.0%) 15 (5.9%) 12.(5.3%) 7(4.9%)
taken for menopausal
complaints (yes)

Dietary intervention for 43 (8.6%) 9 (3.5%) 14 (6.2%) 6 (4.2%)
menopausal complaints (yes)

Physical exercise for 27 (5.4%) 12 (4.7%) 13 (5.8%) 6 (4.2%)
menopausal complaints (yes)

BMI (mean, SD) 26.5 (5.0) 25.8 (4.5) 26.6(5.2) 26.2.(5.0)

Smoking status at study questionnaire

Non-smoker 250 (50.1%) 112 (43.8%)" 94 (41.6%) 64 (45.1%)

Former smoker 211 (42.3%) 134 (52.3%)* 106 (46.9%) 64 (45.1%)

Current smoker 36 (7.2%) 9(3.5%)" 18 (8.0%) 7 (4.9%)
Pack-years smoked (mean, SD) 14.5 (11.4) 17.0 (15.4) 23.9 (14.4) 23.8 (15.1)
Educational level

Primary school/lower level 138 (27.6%) 109 (42.6%)* 66 (29.2%) 51(35.9%)

high school

Middle level high school 165 (33.1%) 45 (17.6%)* 68 (30.1%) 34 (23.9%)

Advanced vocational/ 158 (31.7%) 81 (31.6%)" 77 (34.1%) 44 (31.0%)

university

Employment status at study questionnaire

Full-time job/part-time job 282 (56.5%) 29 (11.3%)* 109 (48.2%) 25 (17.6%)*
Retired 35 (7.0%) 159 (62.1%)" 29 (12.8%) 71 (50.0%)*
Housewife/voluntary work 42 (8.4%) 23 (9.0%)* 25 (11.1%) 14 (9.9%)*
Completely/partially 51(10.2%) 7 (2.7%)* 21(9.3%) 7(4.9%)*
incapacitated for work

(temporary) Unemployed 44 (8.8%) 11 (4.3%)* 23 (10.2%) 10 (7.0%)*

* P-value <.05. Groups compared using independent samples t-test, Chi-squared test or Fishers exact test.
Abbreviations: RRSO: risk-reducing salpingo-oophorectomy; SD: standard deviation; BMI: body mass
index; HRT: hormone replacement therapy in sexually active women.
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Reasons for sexual inactivity

Among women who were not sexually active (n=355), not having a partner and
arousal problems were the reasons reported most frequently in the premenopausal
RRSO group (Supplementary Table 2). An arousal problem was the reason for sexual
inactivity for 31.4% of women with a premenopausal RRSO and, for 23.4 % of women
with a postmenopausal RRSO (p-value .04). Women in the premenopausal RRSO
group reported more often fatigue as a reason for sexual inactivity (13.3% in the
premenopausal group versus 4.1% in the postmenopausal RRSO group, p-value <.01).
Women in the postmenopausal RRSO group more often reported that their partner
had a physical problem interfering with sexual activity (premenopausal RRSO group
15.7%, postmenopausal RRSO group 27.6%, p-value .02).

Supplementary Table 3. Reasons for sexual inactivity in women who are not sexually active (multiple
reasons per person possible).

Premenopausal RRSO  Postmenopausal RRSO  p-value

(n=210) (n=145)
No partner 60 (28.6%) 47 (32.4%) .75
Arousal problem 66 (31.4%) 34 (23.4%) .04
Fatigue 28 (13.3%) 6(4.1%) <.01
Physical problem 48 (22.9%) 29 (20.0%) 32
Partner fatigue 12 (5.7%) 6 (4.1%) 41
Partner physical 33 (15.7%) 40 (27.6%) .02

problem

No reason given 39 (18.6%) 30 (20.7%) .83
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Supplementary Table 5. Association between various patient characteristics and the presence of
substantial discomfort during sexual intercourse for sexually active women.

All sexually active women (n=378)

Substantial OR (95% CI)
discomfort” (n (%)) for substantial discomfort

Timing of RRSO

Postmenopausal (RRSO > 54 years) 24 (24.5%) 1.00 (REF)

Premenopausal (RRSO < 45 years) 111 (39.6%) 3.41 (1.29;9.03)
Age

55-59 years 1.00 (REF)

60-64 years .60 (.34;1.07)

65-70 years 1.34 (.56;3.25)

71+ years 1.98 (.55;7.12)
History of breast cancer

No 51(32.7%) 1.00 (REF)

Yes 84 (38.4%) 1.28 (0.81;2.04)
BMI (continuous, per 1 kg/m? increase) NS
BR23-body image (continuous, per 1 point more) 1.01 (1.00;1.03)
Constant 0.17 (0.06;0.49)

The discomfort score from the sexual activity questionnaire ranges from o0-6, with higher scores
indicating more discomfort.

"Substantial discomfort was defined as a discomfort score of 3 or higher (i.e. 3, 4, 5, 6).

Abbreviations: OR: odds ratio; CI: confidence interval; RRSO: risk-reducing salpingo-oophorectomy;
BMI: body mass index; BR23-body image: body image score from the European Organization for
Research and Treatment of Cancer Breast Cancer-Specific Quality of Life Questionnaire, score range
0-100; NA: not applicable; NS: significance level >.10, variable not in multivariate model.
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Supplementary Table 6. Association between various patient characteristics and the presence of
substantial vaginal dryness for all women (sexually active and not sexually active).

Vaginal dryness all women (n=716)

Substantial OR (95% CI)
vaginal dryness’ for substantial vaginal
(n (%)) dryness

Timing of RRSO

Postmenopausal (RRSO > 54 years) 64 (27.5%) 1.00 (REF)

Premenopausal (RRSO < 45 years) 226 (46.8%) 2.28 (1.25;4.16)
Age

55-59 years 1.00 (REF)

60-64 years .87 (-57;1.33)

65-70 years 1.25 (.68;2.29)

71+ years 72 (.32;1.61)
History of breast cancer

No 105 (37.8%) 1.00 (REF)

Yes 185 (42.2%) 1.25 (0.89;1.77)
Use of chronic medication®

No 145 (38.8%) 1.00 (REF)

Yes 145 (42.4%) 1.44 (1.01;2.05)
BMI (continuous, per 1 kg/m? increase) 0.97 (0.93;1.00)
Constant 0.65 (0.21;2.00)

Vaginal dryness was assessed on a 5-point Likert scale with higher scores indicating more vaginal
dryness (FACT-ES).

"Substantial vaginal dryness was defined as having somewhat — quite a bit or very much complaints
regarding vaginal dryness.

“Chronic medication: any medication taken daily for cardiovascular risk factors, cardiovascular disease
or chronic disease.

Abbreviations: OR: odds ratio; CI: confidence interval; RRSO: risk-reducing salpingo-oophorectomy;
BMI: body mass index; NA: not applicable; NS: significance level >.10.
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Supplementary Figure 1. Mean sexual activity subscale scores and standard deviation by age category at
completion of questionnaire.

(a) Mean pleasure scores. Range pleasure score 0 — 18. Age 55-59 years: Premenopausal RRSO n=162,
postmenopausal RRSO n= 0; Age 60-70 years: premenopausal RRSO n=99, postmenopausal RRSO n=65;
Age 71+ years: premenopausal RRSO n=0, postmenopausal RRSO n= 28. (b) Mean discomfort scores.
Range discomfort score 0 — 6. Age 55-59 years: Premenopausal RRSO n=173, postmenopausal RRSO n=0;
Age 60-70 years: premenopausal RRSO n=104, postmenopausal RRSO n=67; Age 71+ years: premenopausal
RRSO n=1, postmenopausal RRSO n= 30. (c) Proportion of women with a substantial discomfort score
(discomfort score > 3). (d) The distribution of women aged 60-70 years per discomfort score.
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Sexual Activity Questionnaire - Habit score

The SAQ-habit score was comparable between the premenopausal RRSO and the
postmenopausal RRSO groups (1.6 versus 1.8, p-value .16). This was also true for
women aged 60-70 years; 1.8 (SD 0.6) in the premenopausal RRSO group and 1.8
(SD 0.7) in the postmenopausal RRSO group (supplementary Figure 1).

SEXUAL ACTIVITY QUESTIONNAIRE
MEAN HABIT SCORE (5D)

AGE 33-30 YEARS AGE 60-60 YEARS AGE 71+ YEARS

r 7
—
L= =]
.

%%

B PREMENOPAUSAL RRSO (¥=287) OSPOSTMENOPAUSAL RRSO (N=102)

Supplemental Figure 2. Mean habit score and the corresponding standard deviation, in the premenopausal
and postmenopausal RRSO groups per age group.

Range habit score 0 - 3. Age 55-59 years: Premenopausal RRSO n=178, postmenopausal RRSO n= 0; Age
60-70 years: premenopausal RRSO n=108, postmenopausal RRSO n=70; Age 71+ years: premenopausal
RRSO n=1, postmenopausal RRSO n=32.
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Supplementary Figure 3. Distribution of answers given to the questions that cover the pleasure scale.
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Supplementary Figure 4. Mean pleasure score in relation to the discomfort score in women aged 60-70
years at study comparing women with a premenopausal RRSO with women with a postmenopausal RRSO.
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Abstract

Objective
To study the impact of premenopausal risk-reducing salpingo-oophorectomy (RRSO),
compared to postmenopausal RRSO, on urinary incontinence (UI) > 10 years later.

Design

Cross-sectional study, nested in a nationwide cohort.

Setting
Multicenter in the Netherlands.

Population

750 women (68% BRCA1/2 pathogenic variant carriers) who underwent either
premenopausal RRSO (<45 years, n=496) or postmenopausal RRSO (>54 years, n=254).
All participants were >55 years at study.

Methods

UI was assessed by the urinary distress inventory-6 (UDI-6); a score >33.3 indicated
symptomatic UI. The incontinence impact questionnaire short form (IIQ-SF)
was used to assess the impact on women's health-related quality of life (HR-QoL).
Differences between groups were analyzed using regression analyses adjusting for
current age and other confounders.

Main Outcome Measures
Differences in UDI-6 scores and I1Q-SF scores between women with a premenopausal
and a postmenopausal RRSO.

Results

Women in the premenopausal RRSO group had slightly higher UDI-6 score compared
with women in the postmenopausal RRSO group (p-value 0.053), and their risk of
symptomatic UI was non-significantly increased (odds ratio (OR) 2.1, 95% confidence
interval (95%CI) 0.93;4.78). A premenopausal RRSO was associated with a higher risk
of stress UI (OR 3.5 95%CI 1.2;10.0), and not with urge UI. The proportions of women
with a significant impact of UI on HR-QoL were similar in the premenopausal and
postmenopausal RRSO groups (10.4% and 13.0%, respectively (p-value .46)).
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Conclusions

More than 15 years after premenopausal RRSO, there were no significant
differences in overall symptomatic UI between women with a premenopausal and
postmenopausal RRSO.
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Introduction

Women carrying a BRCA1/2 germline pathogenic variant (BRCA1/2pv) are advised to
undergo risk-reducing salpingo-oophorectomy (RRSO) to prevent ovarian cancer.
BRCA1pv carriers are advised to undergo RRSO at ages 35-40 and BRCAzpv carriers
at ages 40-45, after completion of childbearing. The consequence of this procedure
is an immediate menopause, at a considerably younger age than in women from
the general population. This may induce long-term morbidity and reduced health-
related quality of life (HR-QoL), due to menopause-related vulvovaginal atrophy and
urinary tract symptoms. Reduced circulating estrogen levels due to menopause result
in reduced collagen content, urethral shortening, thinning of urethral mucosa and
vaginal epithelium, decreased urinary sphincter contractility and reduced bladder
compliance.! These postmenopausal changes in the urogenital tissues may result in
lower urinary tract symptoms such as urgency, recurrent urinary tract infections,
and urinary incontinence (UI).>?

The prevalence of Ul in postmenopausal women aged over 60 years varies between 38-
55%.* Up to 70% of women relate the onset of Ul to their final menstrual period,’ which
is consistent with a peak in UI prevalence at ages 45-55, suggesting that menopause-
associated anatomical and functional changes of the urogenital tissues are important
contributors to UL*¢ Stress urinary incontinence (SUI, involuntary loss of urine due
to abdominal pressure, such as during exercise or coughing) shows a peak prevalence
around menopause, and declines afterwards. In contrast, urge urinary incontinence
(UUI, the sudden need to pass urine that is difficult to postpone), shows an increasing
prevalence with a longer duration after menopause possibly due to progressive
atrophy.+”* The prevalence of Ul rises with age.’ Therefore, when examining risk factors
for U, it is difficult to discriminate effects of menopause from general aging effects.
Other established risk factors for UI in women include higher body mass index (BMI),
parity and vaginal delivery. Besides menopause, other potential risk factors include i.e.
diabetes, and hysterectomy.”*" Systemic menopausal hormone therapy (MHT) does
not appear to reduce Ul risk, but may do so when administered vaginally.>

While hysterectomy appears to increase the risk of urinary incontinence, studies
are inconsistent as to whether a bilateral salpingo-oophorectomy has an additional
negative effect on UL.» The effect of a premenopausal salpingo-oophorectomy has
not been examined. Therefore, we aimed to examine the impact of a premenopausal
RRSO on the prevalence of UI at least 10 years later. We hypothesized that women
with a premenopausal RRSO, compared to equally old women with a postmenopausal
RRSO, would more often experience UI due to their longer postmenopausal period.
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Materials and Methods

Patient selection and recruitment

Participants were Dutch women participating in the HARMOny study' (ClinicalTrials.
gov NCTo03835793): a multicenter cross-sectional study, nested in a nationwide
cohort of women at high familial risk of breast/ovarian cancer.”** Study design and
procedures have been described previously.*® Briefly, between 2018 and 2021, we
invited women from this cohort to a study assessing the long-term effects of RRSO
on cardiovascular disease, bone health, cognition and HR-QoL. Eligibility criteria
included a high familial risk of breast/ovarian cancer, current age of >55 years and
having undergone RRSO either before age 45 or after age 54. Exclusion criteria were
ovarian cancer, metastatic disease and therapy-induced menopause >5 years before
RRSO. Breast cancer was not an exclusion criterion. The study has been approved by
the Institutional Review Board of the NKI.

Study assessments
Women were asked to complete an online questionnaire on general health, cancer-
specific outcomes, cardiovascular health, reproductive history and medical treatments,
including use of MHT.

Assessment of urinary incontinence

We assessed urogenital problems with the Urogenital Distress Inventory (UDI-6)
and Incontinence Impact Questionnaire short-form (IIQ-SF),** two validated
questionnaires designed to assess Ul and the impact of UI on HR-QoL. The UDI-6
is a six-item symptom inventory to assess symptoms associated with lower urinary
tract dysfunction. The IIQ-SF is an eight-item instrument to assess impact of UI on
physical activity, travel, work, social activities, and emotional health. Responses are
scored on a four-point Likert scale. Higher scores indicate more symptom distress
(UDI-6) or more impact on daily life (IIQ-SF) (see Table S1 for detailed information).
Based on literature, a UDI-6 score of 33.3 is the optimal cut-off for distinguishing
women with symptomatic and asymptomatic UL With a IIQ-SF score of 9.5 or higher,
UI has a significant impact on a woman’s HR-QoL.”

Statistical analyses

Characteristics between the premenopausal RRSO group (RRSO <45 years of age)
and the postmenopausal RRSO group (=55 years of age) were compared using the
x? test or Fisher’s exact test for categorical data, and independent samples t-test for
continuous data. We created several dichotomous variables; first for symptomatic
UI (UDI-6 score >33), second for a significant impact of UI on the HR-QoL (IIQ-SF
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score >9.5), and last for substantial UUI and SUI by combining the categories
‘moderately’ and ‘greatly’ for scoring complaints of UUI and SUI. To examine
associations between timing of RRSO and various endpoints, we used multivariable
linear regression for the UDI-6 score and the IIQ-SF score, and multivariable logistic
regression analyses for the presence of symptomatic UI, UI affecting HR-QoL, UUI,
and SUI, yielding regression coefficients and odds ratios (OR) with accompanying
95% confidence intervals (95%CI). We used a Directed Acyclic Graph (DAG) to visualize
confounding factors, mediating factors and competing exposures (Figure S1).

In all regression analyses, we explored the confounding effects of age at questionnaire
completion, breast cancer history, MHT, BMI, parity, diabetes, and hysterectomy.
A variable was removed from the model if the association between the exposure
(RRSO) and the outcome (UI) did not change significantly (>10%), except for age and
breast cancer which always remained in our model. Because the question on type
of delivery was added later in the study questionnaire, this variable was missing
for 54.8% of women. Among 335 women who filled out their delivery mode, 88.1%
delivered only vaginally, 5.4% had both a vaginal delivery and a caesarean section,
and 6.6% delivered by caesarean section. Among women with known delivery mode
we explored if delivery mode was a confounding variable. As this was not the case,
we did not include delivery mode in our models. We also performed several stratified
analyses. Because of the recommendation for BRCA1pv carriers to undergo a RRSO
between ages 35-40 and for BRCA2pv carriers to undergo a RRSO between ages 40-45,
we compared prevalence of UI between women with RRSO before age 41 (the early
premenopausal group) and between ages 41 and 45 (the later premenopausal group).
Additionally, we examined whether the effect of RRSO on UI differed by MHT use
(current, former, never), delivery mode and by parity (Supplementary results I, Table
S3-S12 ). For all statistical analyses, Stata, version 15.0 (StataCorp LLC) was used.
P-values <.05 were considered statistically significant.
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Results

In total, 817 women gave informed consent (response rate 62.3%), of whom 529 were
in the premenopausal RRSO group (RRSO <45 years of age) and 288 women in the
postmenopausal RRSO group (RRSO >55 years of age) (Figure 1).
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Figure 1. Participant Flowchart. Number of participants enrolled, non-responders and number of
women who declined participation. We have sent out regular reminders to women to complete the
online questionnaire.

Study participant characteristics

Mean age at questionnaire completion was 60.0 years in the premenopausal group,
compared to 70.2 years in the postmenopausal group (p-value <.001) (Table 1). Because
women in the premenopausal RRSO group were substantially younger than women in
the postmenopausal RRSO group, we restricted the comparison of UI between these
groups to 365 women in the overlapping age range, i.e., 60-70 years old at completion
of the questionnaire (premenopausal group, n=224, postmenopausal group, n=141).
Within all 496 women with a premenopausal RRSO we compared Ul between women
in the early premenopausal group (n=152) and the later premenopausal group (n=344).

Among women aged 60-70 years at study, mean time since RRSO was 20.6 years
in the premenopausal group and 10.6 years in the postmenopausal group (Table 1).
In the premenopausal group, mean age at questionnaire completion was 62.7 years,
compared to 67.0 years in the postmenopausal group (p-value <.001). Mean time
since menopause was 20.6 years in the premenopausal group and 16.7 years in
the postmenopausal group (p-value <.001). Sixty-eight percent of women in the
premenopausal-RRSO group carried a BRCA1/2pv versus 63.1% in the postmenopausal
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RRSO group (p-value .32). In the premenopausal RRSO group, 60.3% of women
had a history of breast cancer, compared to 58.9% in the postmenopausal group
(p-value .79). MHT was more often prescribed to women in the premenopausal RRSO
group (29.1%, versus 9.2% in the postmenopausal RRSO group; p-value <.001). Parity
and mode of delivery were comparable between the two groups. In the premenopausal
RRSO group 18.6% of women had no children compared with 23.0% of women in the
postmenopausal RRSO group (p-value .31).

Table 1. Baseline sociodemographic and clinical characteristics of study participants.

Entire study population Women aged 60-70 years

Premenopausal Postmenopausal Premenopausal Postmenopausal
RRSO (RRSO RRSO (RRSO RRSO (RRSO RRSO (RRSO
<45years,n=496) >54years,n=254) <45years,n=224) 2>54years,n=141)

Age at questionnaire 60.0 (3.5) 70.2.(4.3) 62.7 (2.5) 67.0(2.1)"
completion (mean, SD)

Age at RRSO (mean, SD) 41.7(2.8) 58.4(3.6) " 42.1(2.5) 56.5(1.9) *
Time since RRSO (mean, SD) 18.3 (4.1) 11.9 (3.0) * 20.6(3.3) 10.6 (1.9) *
Time since menopause 18.3 (4.2) 19.9 (6.5) * 20.6 (3.4) 16.7(5.5) *
(mean, SD)

Pathogenic genetic variants'

BRCA1 germline mutation 243 (49.0%) 74 (29.1%) * 109 (48.9%) 39 (27.7%) *
BRCA2 germline mutation 97 (19.6%) 94 (37.0%) 43 (19.3%) 50 (35.5%)
Established non-carrier 156 (31.5%) 86 (33.9%) 71 (31.8%) 52 (36.9%)
Breast cancer (yes) 293 (59.0%) 164 (64.6%) 135 (60.3%) 83 (58.9%)
Breast cancer before RRSO 237 (84.3%) 148 (91.4%) * 105 (80.8%) 73 (91.3%) *
Breast cancer after RRSO 44 (15.7%) 14 (8.6%) * 25 (19.3%) 7(8.8%) *

Treatment of breast cancer

Surgery 284 (97.6%) 159 (98.8%) 132 (97.1%) 80 (98.8%)

Chemotherapy 222 (76.3%) 86 (52.4%) * 97 (48.7%) 51 (42.9%)

Radiotherapy 182 (62.5%) 95 (59.0%) 86 (63.2%) 54 (66.7%)

Endocrine therapy 106 (36.4%) 53 (32.9%) 41 (30.2%) 29 (35.8%)
Prophylactic mastectomy (yes) * 300 (62.1%) 84 (34.6%) 140 (61.9%) 48 (33.8%) *
MHT use

Current user 26 (5.2%) 2.(.8%)* 14 (6.3%) 1(.7%) *

Past user 101 (20.4%) 28 (11.0%) * 46 (20.5%) 11 (7.8%) *

Never user 337 (67.9%) 213 (83.9%) * 147 (65.6%) 119 (84.4%) *
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Table 1. Continued

Entire study population Women aged 60-70 years

Premenopausal Postmenopausal Premenopausal Postmenopausal
RRSO (RRSO RRSO (RRSO RRSO (RRSO RRSO (RRSO
<45years,n=496) >54years,n=254) <45years,n=224) 2>54years,n=141)

Unknown 32.(6.5%) 11 (4.3%) 17 (7.6%) 10 (7.1%)
MHT duration in years 2.2 (4.5) 1.4 (3.3) 2.1(4.4) 1.6 (3.9)
(mean (SD))

BMI (mean, SD) 26.5(5.0) 25.8 (4.5) 26.6(5.2) 26.2(5.0)
Hysterectomy (Yes) 69 (16.2%) 53 (28.5%) * 43 (19.3%) 28 (19.7%)
Mode of delivery

Vaginal delivery 202 (85.2%) 94 (95.0%) * 101 (90.2%) 52 (96.3%)

Vaginal delivery and 14 (5.9%) 4(4.0%) " 6 (6.4%) 1(1.9%)

Caesarean section

Caesarean section 21 (8.9%) 1(1.0%) * 5 (4.5%) 1(1.9%)

Missing 259 (52.2%) 156 (61.4%) 112 (50.0%) 88 (62.4%)
Parity

o 93 (18.8%) 40 (15.7%) 44 (19.6%) 21 (14.9%)

1-2 278 (56.0%) 151 (59.4%) 134 (59.8%) 79 (56.0%)

3-4 113 (22.8%) 57 (22.4%) 45 (20.1%) 36 (25.5%)

>5 7 (1.4%) 3 (1.2%) 1(.5%) 2 (14.9%)

* P-value <.05. Groups compared using independent samples t-test, Chi-squared test or Fishers exact test.

T All participants had a high familial risk of ovarian cancer. All women were tested for pathogenic
variants, not all had a BRCA1/2 mutation. Established non-carriers include women from BRCA1/2
families who tested negative as well as women from a breast/ovarian cancer family who tested negative
for the pathogenic variants tested in the Netherlands.

* Prophylactic mastectomy: bilateral or contralateral.

In the Netherlands a hysterectomy is not standard of care when performing RRSO.

Abbreviations: RRSO: risk-reducing salpingo-oophorectomy; SD: standard deviation; BMI: body mass

index; MHT: menopausal hormone therapy.

Additional characteristics of the study population are provided in supplementary table 2.

Urinary incontinence and its impact on HR-QoL at ages 60-70 years in
women with a premenopausal or postmenopausal RRSO

Unadjusted mean UDI-6 scores were 20.4 (SD 17.7) and 18.8 (SD 16.2) (p-value .39)
in the premenopausal RRSO group and in the postmenopausal RRSO group,
respectively (Figure 2). After adjustment for confounders in a linear regression
analysis, a premenopausal RRSO was associated with a slightly higher UDI-6 score,
but this difference was not statistically significant (B-coefficient 5.0, 95%CI -0.1;10.1).
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The proportion of women with a premenopausal RRSO who had symptomatic Ul
according to the cutoff of 33.33 points was 23.6% compared with 18.9% of women with
a postmenopausal RRSO (p-value .31). After adjustment for confounders in a logistic
regression analysis, an association between premenopausal RRSO and symptomatic
urinary incontinence (UDI-6 score > 33.33) was borderline statistically significant
(OR 2.1, 95% CI 0.93;4.78).

Urogenital distress inventory score at ages 60-70 years
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Figure 2. Distribution of UDI-6 scores of women in the premenopausal RRSO group and the
postmenopausal RRSO group. Twenty-four percent of women with a premenopausal RRSO experience
symptomatic urinary incontinence (UDI-6 score >33.33) compared with 19% in the postmenopausal
RRSO group.

Assessing the impact of Ul using the 1IQ-SF, mean scores in the premenopausal
and postmenopausal RRSO groups were 3.2 (SD 8.4) and 3.8 (SD 8.9), respectively
(p-value .53) (Figure 3). After adjustment for confounders, linear regression analysis
did also not show a difference between the groups (B-coefficient -1.0, 95%CI
-3.6;1.5). The proportion of women with an IIQ-SF score >9.5 was 10.4% in women
with a premenopausal RRSO and 13.0% in women with a postmenopausal RRSO
(p-value .46). After adjustment for confounders in a logistic regression analysis, a
premenopausal RRSO was also not associated with a significant impact of Ul on the
HR-QoL (OR 0.7, 95%CI 0.3;2.0).
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Figure 3. Distribution of IIQ-SF scores of women in the premenopausal RRSO group and the
postmenopausal RRSO group. Ten percent of women in the premenopausal RRSO group experience a
significant influence of urinary incontinence on the quality of life (IIQ-SF score >9.5) compared with 13%
in the postmenopausal RRSO group.

Urge and stress urinary incontinence at ages 60-70 years in women with a
premenopausal or postmenopausal RRSO

Substantial UUI was reported by 19.6% of women with a premenopausal RRSO
(Figure 4), compared with 22.7% in the postmenopausal RRSO group (p-value .48).
After adjustment for age, breast cancer and BMI, a premenopausal RRSO was not
associated with substantial UUI (OR 1.1, 95% CI 0.5;2.4). Substantial complaints
with regard to SUI were experienced by 13% of women with a premenopausal RRSO,
compared to eight percent in the postmenopausal RRSO group (p-value .15, Figure 4).
After adjustment for age, breast cancer history and BMI, a premenopausal RRSO was
associated with a higher risk of substantial SUI complaints (OR 3.5, 95%CI 1.2;10.0).
In a regression analysis with ‘time since RRSO’ as continuous variable, the risk of
having substantial SUI complaints increased with 10% with every year since RRSO
(OR1.1,95%CI 1.01;1.2).
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Figure 4. Prevalence of problems with (a) urge urinary incontinence and (b) stress urinary incontinence
per RRSO group for women aged 60-70 years.

Urinary incontinence by age at RRSO among women with a premenopausal
RRSO, comparing an early premenopausal RRSO (RRSO <40 years of age)
with later premenopausal RRSO (RRSO at 41-45 years of age)

Mean UDI-6 scores in the early and later premenopausal RRSO groups were 18.2
(SD 17.1) and 18.8 (SD 17.3), respectively (p-value .74) (Figure 5). After adjustment for
confounders in a linear regression analysis, an early premenopausal RRSO was not
associated with a higher UDI-6 score (95%CI -4.2;2.9). The proportions of women
with symptomatic Ul were 22.6% and 20.5% in the early and later premenopausal
RRSO groups, respectively (p-value .61). Multivariable logistic regression analysis
also showed that an early premenopausal RRSO was not associated with symptomatic
UI (OR1.0, 95%CI 0.95;1.04).

When we stratified the premenopausal RRSO group according to MHT use, mean
UDI-6 scores in women who still used MHT (n=25), previously used MHT (n=97)
and never used MHT (n=320) were 18.9 (SD 20.2), 20.2 (SD 18.3), and 17.6 (16.2)
(p-value .40), respectively. In women who ever used MHT or who still used MHT at
time of study, 28.1% had symptomatic UI, compared with 18.1% in women who never
used MHT (p-value .02). After adjustment for age, breast cancer and BMI, former
MHT use was significantly associated with symptomatic UI (OR1.9, 95%CI 1.1;3.3),
but current MHT use was not (OR1.9, 95%CI 0.7;5.2).

Results from the IIQ-SF score by age at RRSO show no clear differences in UI impact
between the early and later premenopausal RRSO groups (Supplementary Results II).
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Urogenital Distress Inventory score in women with a premenopausal RRS0O
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Figure 5. Distribution of urogenital distress inventory scores of women in the early premenopausal
RRSO group and the later premenopausal RRSO group.

Urge and stress urinary incontinence in women with a premenopausal
RRSO, comparing an early premenopausal RRSO with later
premenopausal RRSO

Substantial UUI was reported by 12.5% of women with an early premenopausal
RRSO, compared with 16.6% in the later premenopausal RRSO group (p-value .25)
(Figure S3a). After adjustment for age, breast cancer and BMI, an early premenopausal
RRSO was not associated with substantial UUI (OR 0.54, 95% CI 0.28;1.04). Regarding
SUI, 11.8% of women with an early premenopausal RRSO experienced substantial
complaints, compared with 12.5% of women in the later premenopausal RRSO group
(p-value .84) (Figure S3b). After adjustment for age, breast cancer history and BMI,
an early premenopausal RRSO was not associated with a higher risk of substantial
SUI complaints (OR 0.998, 95%CI 0.52;1.92).
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Discussion

Main findings

Our study is the first one to assess Ul more than 15 years after a premenopausal
RRSO (< age 45) compared with women with a postmenopausal RRSO (> age 54). At
the age of 60-70 years, women with a premenopausal RRSO had a slightly higher
UDI-6 score, but the difference with the postmenopausal group was not statistically
significant. The risk of symptomatic UI associated with a premenopausal RRSO
was also somewhat increased, but not statistically significantly so. There was no
difference between the two groups regarding impact of Ul on HR-QoL. However, a
premenopausal RRSO was associated with substantial complaints of SUI: women
with a premenopausal RRSO had a 3.5-fold increased risk of substantial SUI
compared with women with a postmenopausal RRSO. Regarding UUI we found
no difference between the two RRSO groups. When we examined UI within the
premenopausal group and compared women with a very early RRSO (before age 41)
and a later premenopausal RRSO (age 41-45), we found no differences in symptoms of
Ul and the impact of Ul on HR-QoL. We did find that women who had ever used MHT
(current and former users) more often experienced symptomatic Ul according to the
UDI-6, and their incontinence was more often of influence on the HR-QoL.

Within the premenopausal RRSO group we performed stratified analysis according to
age at RRSO and MHT use. Based on our hypothesis and the results in the 60-70 year
old group, we would have expected more Ul in the early premenopausal group. However,
we did not find an association between timing of premenopausal RRSO and UI. This
might be explained by the rather small difference in time since RRSO between the two
groups; women with an early premenopausal RRSO were on average 21.1 years since
oophorectomy, women with a later premenopausal RRSO were on average 17.0 years
since oophorectomy. Remarkably, both past users of MHT and women who currently
used MHT more often experienced symptomatic Ul and UI impacting HR-QoL. This
association might be explained by confounding by indication, considering that women
with more substantial complaints of UI may have been prescribed MHT more frequently.

Strengths and Limitations

One of the limitations of our study is the difference in age distributions of the
premenopausal and postmenopausal RRSO groups at time of study participation. This
age difference was largely due to the strongly increasing prevalence of premenopausal
RRSO after 2007.2 To overcome this limitation, we compared Ul between women
with a premenopausal and a postmenopausal RRSO in the overlapping age range,
60-70 years at questionnaire completion, and corrected for age in all analyses.
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Furthermore, as this is a cross-sectional study >15 years after RRSO, we do not have
data on UI shortly after RRSO. As we are the first to assess Ul after a premenopausal
bilateral oophorectomy, there are no available data on UI prevalence directly after
RRSO. Future research should focus more on the development of UI in the years after
RRSO to see how many women experience SUI and UUI.

Strengths of our study include the large sample size, providing sufficient power to
perform subgroup analyses. Additionally, by excluding women with RRSO between
ages 46 and 54, we were able to make a more distinct evaluation of the differences
in UI between women who had undergone RRSO prior to the onset of natural
menopause and women with a postmenopausal RRSO. The participation rate was
good (62.3%) and we employed validated questionnaires that are widely used.

Interpretation

We can compare our results with UDI-6 and IIQ-SF scores reported for the Dutch
general population.” The mean UDI-6 scores in our study (20.4 and 18.8.in the
premenopausal and postmenopausal RRSO groups, respectively) were higher than
the mean UDI-6 score of 12.2 (SD 12.7) in the Dutch reference data, but this difference
may not be clinically relevant.”” The mean IIQ-SF scores in our study (3.2 and 3.8 for

the pre- and postmenopausal groups, respectively) are comparable with the Dutch
reference data,” which show a mean IIQ-SF score of 4.2 (SD 11.2). Comparing our
results on UI prevalence with the prevalence in the general population of other
Western countries is difficult, as the questionnaires and definitions of UI used in the
literature differ substantially. The prevalence of substantial UUI (19.6% and 22.7% in
the premenopausal and postmenopausal RRSO groups, respectively) in our study was
higher than reported by Linde et al. (7.9%), while the prevalence of substantial SUI in
our population was lower (13.4% and 8.5% in the premenopausal and postmenopausal
RRSO groups, respectively) compared to the prevalence found by Linde et al. (25.4%).*

We calculated that, based on a two-sided « of 0.05 and 350 women in the study, we
had 80% power to detect a difference in UDI-6 score of 3.8 between the two groups.
We observed a nonsignificant difference of 1.6 in women aged 60-70 years. Based
on our effect size calculations, we cannot exclude the possibility that the number
of women included in this analysis was not large enough to identify this difference
as statistically significant. However, one could also argue that this difference is not
clinically relevant. Our findings are generally reassuring for women who underwent
a premenopausal. RRSO. Our results regarding SUI are remarkable as, in general,
the peak prevalence of SUI occurs postpartum and around menopause, and the
prevalence of UUI increases after menopause. As our study participants had been
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postmenopausal for a substantial period, we had expected a higher prevalence of UUI
rather than SUI in women with a premenopausal RRSO. It is possible that the peak
prevalence of SUI is higher after surgical menopause than after natural menopause.
Unfortunately, we could not find any literature regarding the prevalence of SUI after
early surgical menopause.

Future studies should focus on the short- and long-term consequences of a RRSO
on urinary incontinence as it can have a significant impact on the HR-QoL. Future
researchers should specifically take into account use of MHT, as the low proportion of
MHT users in our study precluded subgroup analyses in MHT users.

Conclusions

To conclude, at the age of 60-70 years, more than 15 years after premenopausal
RRSO, women reported slightly higher UI scores and slightly more symptomatic Ul
than women of similar age with a RRSO after natural menopause. However, these
differences were not statistically significant and did not to lead to a lower HR-QOL
in women with a premenopausal RRSO. Unexpectedly, we found an association
between a premenopausal RRSO and SUI, which deserves further study. This study
highlights the importance of addressing UI when counseling this special population
of BRCA pathogenic variant carriers, as many women do not bring this subject
up spontaneously.
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Supplementary Material

Supplementary Methods: Imputation of type of delivery

Because the question on type of delivery was added later in the study questionnaire,
this variable is missing for 54.8% of women. Based on previous literature, we expected
that 92% of women would have delivered vaginally and 8% by caesarean section, as
this was the standard in the Netherlands around 1990.'* Based on the 335 women
who filled out their mode of delivery, 88.1% delivered only vaginally, 5.4% had both
a vaginal delivery and a caesarean section, and 6.6% delivered by caesarean section.
In our main analysis we imputed the data on delivery mode by assuming all missing
values were vaginal deliveries. In sensitivity analyses we repeated the analyses
with random assignment of missings to vaginal deliveries (92%) and caesarean
sections (8%).

Supplementary Results I

Sensitivity analyses in women aged 60-70 years comparing women with a
premenopausal RRSO with women with a postmenopausal RRSO on prevalence of

stress urinary incontinence

In sensitivity analyses in which different imputation strategies were used for women
with missing mode of delivery, results were the same, showing an association
between premenopausal RRSO and an increased OR for SUI. Additionally, we
performed a sensitivity analysis in which women with at least one child but missing
mode of delivery were assigned to a vaginal delivery. The results remained the
same: a premenopausal RRSO was associated with a higher risk of substantial SUI.
Subsequently we performed a stratified analysis according to mode of delivery in
which a premenopausal RRSO was even more strongly associated with SUI with an
OR 0f 6.9 (95%CI1 1.9;24.7) in women with a vaginal delivery.

Supplementary Results II

Incontinence impact questionnaire score by age at RRSO among women with a
premenopausal RRSO

Mean IIQ-SF score in the early premenopausal RRSO group was 3.0 (SD 8.8)
compared with 3.1 (SD 8.2) in the later premenopausal RRSO group (p-value .89)
(Figure S1). After adjusting for age, breast cancer, BMI and modus of delivery, an early
premenopausal RRSO was not associated with a higher I1Q-SF score (95%ClI -3.3;1.6).
Eight percent of women with an early premenopausal RRSO had UI with a significant
impact on the HR-QoL compared with 10.9% of women with a later premenopausal
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RRSO (p-value .29). After adjusting for age, breast cancer, MHT use and BMI an early
premenopausal RRSO was also not significantly associated with Ul with a significant
impact on the HR-QoL (OR .44, 95%CI 0.2;1.1).

Mean II1Q-SF scores in women who still used MHT, formerly used MHT and never
used MHT were 4.8 (SD 10.5), 4.6 (SD 11.5), and 2.5 (SD 7.2) (p-value .06), respectively.
Of women who currently used MHT, 20% had UI with a significant impact on the
HR-QoL. In women with a premenopausal RRSO who never used MHT this was 8.2%
and in women with a premenopausal RRSO who formerly used MHT 14.3% had UI
with a significant impact on the HR-QoL (p-value .04). After adjustment for age,
breast cancer and BMI, current and former MHT use were borderline significantly
associated with a higher odds for impact of Ul on HR-QoL (current MHT use OR 3.3,
95%CI 0.997;11.2, former MHT use OR 2.0, 95%CI 0.96;4.2).

B, diakbetes,
Breast cancer treatment alter RESO number af
pregnancies,
Hormaone replacement therapy wapinal delivery,
i . hysterecton
/ Time since RES0 \ lﬁ l n?
[Early) RRSO *  Urinary incontinence

Bge

Breast cancer treatment belore RRS0O

Figure S1. Directed Acyclic Graph.
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Incontinence Impact Questionnaire in women with a premenopausal RRS0O
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Table S1. Study outcome measures and corresponding questionnaires.

Questionnaire Variable Questions Scoring system
Urogenital Lower urinary ~ Frequent urination 6 items, 4 point Likert-scale.
distress tract . o=notatall - 1=slightly -
. Leakage related to feeling of urgency gty
inventory 2 =moderately - 3 = greatly.
(UDI-6)* Leakage related to activity, coughing ~ Higher score indicate more
or sneezing symptoms associated with
the lower urinary tract.
Small amounts of leakage (drops) If more than 2 items are
Difficulty emptying bladder missing, a total score is not
to be calculated.
Pain or discomfort in lower
abdomen or genital area
Incontinence  life-impact Has urinary leakage affected your: 7 items, 4 point Likert-scale.
Impact assessment . o=notatall —1=slightly -
pac . . Ability to do household chores guty
Questionnaire  instrument 2 =moderately - 3 = greatly.
a1Qa? specific Physical recreation such as walkin . -
Q pect ysiea ; & Higher score indicate
to urinary swimming or other exercise . .
. . more impact of urinary
incontinence

Entertainment activities

Ability to travel by car or bus more
than 30 minutes from home

Employment outside the house

Participation in social activities
outside your home

Emotional health

Feeling of frustration

incontinence on daily life.
If more than 2 items are
missing, a total score is not
to be calculated.
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Table S2. Additional characteristics of all study participants.

Entire study population Women aged 60-70 years

Premenopausal Postmenopausal Premenopausal Postmenopausal
RRSO (n=499) RRSO (n=256) RRSO (n=226) RRSO (n=142)

Psychological interventions 45(9.0%) 15 (5.9%) 12 (5.3%) 7 (4.9%)
taken for menopausal
complaints (yes)

Dietary intervention for 43 (8.6%) 9 (3.5%) 14 (6.2%) 6 (4.2%)
menopausal complaints (yes)
Physical exercise for 27 (5.4%) 12 (4.7%) 13 (5.8%) 6 (4.2%)
menopausal complaints (yes)
Smoking status at
study questionnaire
Non-smoker 250 (50.1%) 112 (43.8%)* 94 (41.6%) 64 (45.1%)
Former smoker 211 (42.3%) 134 (52.3%)* 106 (46.9%) 64 (45.1%)
Current smoker 36 (7.2%) 9(3.5%)" 18 (8.0%) 7 (4.9%)
Pack-years smoked 14.5 (11.4) 17.0 (15.4) 23.9 (14.4) 23.8 (15.1)
(mean, SD)
Educational level
Primary school/lower level 138 (27.6%) 109 (42.6%)* 66 (29.2%) 51(35.9%)
high school
Middle level high school 165 (33.1%) 45 (17.6%)" 68 (30.1%) 34 (23.9%)
Advanced vocational/ 158 (31.7%) 81 (31.6%)* 77 (34.1%) 44 (31.0%)
university
Employment status at
study questionnaire
Full-time job/ 282 (56.5%) 29 (11.3%)* 109 (48.2%) 25 (17.6%)"
part-time job
Retired 35 (7.0%) 159 (62.1%)* 29 (12.8%) 71 (50.0%)*
Housewife/voluntary work 42.(8.4%) 23 (9.0%) 25 (11.1%) 14 (9.9%)"
Completely/partially 51(10.2%) 7 (2.7%)* 21(9.3%) 7(4.9%)"
incapacitated for work
(temporary) Unemployed 44 (8.8%) 11 (4.3%)* 23 (10.29%) 10 (7.0%)*

* P-value <.05. Groups compared using independent samples t-test, Chi-squared test or Fishers exact test.
Abbreviations: RRSO: risk-reducing salpingo-oophorectomy; SD: standard deviation; BMI: body mass
index; HRT: hormone replacement therapy in sexually active women.
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Table S3. Results of the Urogenital Distress Inventory (UDI-6) per RRSO group.

Urogenital Distress Inventory (UDI-6)

Premenopausal RRSO  Postmenopausal RRSO  p-value

(RRSO <45 years, (RRSO >54 years,
n=224) (n, %) n=141) (n, %)

How much are you bothered by .62
frequent urination

Notatall 101 (45.1%) 72 (51.1%)

Slightly 70 (31.3%) 37 (26.2%)

Moderately 42 (18.8%) 27 (19.2%)

Greatly 11 (4.9%) 5(3.6%)
How much are you bothered by leakage .61
related to feeling of urgency

Notatall 101 (45.1%) 60 (42.6%)

Slightly 79 (35.3%) 49 (34.8%)

Moderately 34 (15.2%) 21 (14.9%)

Greatly 10 (4.5%) 11 (7.8%)
How much are you bothered by leakage .21
related to activity, coughing or sneezing

Notatall 92 (41.1%) 54 (38.0%)

Slightly 105 (46.9%) 78 (54.9%)

Moderately 16 (7.1%) 8 (5.6%)

Greatly 11 (4.9%) 2.(1.4%)
How much are you bothered by small .72
amounts of leakage (drops)

Not at all 159 (72.0%) 105 (75.5%)

Slightly 50 (22.6%) 26 (18.7%)

Moderately 8(3.6%) 4(2.9%)

Greatly 4(1.8%) 4(2.9%)
How much are you bothered by difficulty .54
emptying bladder

Not at all 134 (60.6%) 91(65.0%)

Slightly 61(27.6%) 39 (27.9%)

Moderately 20 (9.1%) 7(5.0%)

Greatly 6 (2.7%) 3(2.1%)
How much are you bothered by pain or dis- .68
comfort in lower abdominal or genital area

Not at all 75.9%) 114 (80.3%)

Slightly 45 (20.1%) 25 (17.6%)

Moderately 7(3.1%) 3(2.1%)

Greatly 2.(0.9%) 0(0.0%)
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Table S4. Results of the Incontinence Impact Questionnaire Short Form (IIQ-SF) per RRSO group.

Incontinence Impact Questionnaire

Premenopausal RRSO  Postmenopausal RRSO p-value

Short Form (I1Q-SF) (RRSO <45 years, (RRSO >54 years,
n=224)(n, %) n=141)(n, %)
Has urine leakage affected your ability 1.00
to do household chores (cooking,
housecleaning, laundry)?
Not at all 210 (93.8%) 132.(93.6%)
Slightly 12 (5.4%) 8 (5.7%)
Moderately 2.(.9%) 1(.7%)
Greatly 0(0.0%) 0 (0.0%)
Has urine leakage affected your physical .82
recreation such as walking swimming,
or other exercise?
Notat all 187 (83.5%) 115 (81.6%)
Slightly 30 (13.4%) 20 (14.2%)
Moderately 6 (2.7%) 6(4.3%)
Greatly 1(.5%) 0 (0.0%)
Has urine leakage affected your .92
entertainment activities (movies,
concerts, etc.)?
Not at all 208 (92.4%) 129 (91.5%)
Slightly 16 (7.1%) 11 (7.8%)
Moderately 1(.4%) 1(.7%)
Greatly 0(0.0%) 0 (0.0%)
Has urine leakage affected your ability .34
to travel by car or bus more than 30
minutes from home?
Not at all 209 (92.9%) 125 (89.9%)
Slightly 11 (4.9%) 12 (8.6%)
Moderately 5(2.2%) 2 (1.4%)
Greatly 0(0.0%) 0 (0.0%)
Has urine leakage affected your .19

employment (work) outside the home?

Notatall
Slightly
Moderately

Greatly

211 (94.6%)
10 (4.5%)
2.(.9%)

0(0.0%)

122, (90.4%)
12 (8.9%)
1(.7%)

0(0.0%)
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Table S4. Continued

Incontinence Impact Questionnaire Premenopausal RRSO  Postmenopausal RRSO p-value

Short Form (II1Q-SF) (RRSO <45 years, (RRSO >54 years,
n=224)(n, %) n=141)(n, %)

Has urine leakage affected your .38
participation in social activities outside
your home?

Not at all 201 (91.8%) 118 (88.1%)

Slightly 15 (6.9%) 15 (11.2%)

Moderately 3 (1.4%) 1(.8%)

Greatly 0 (0.0%) 0 (0.0%)
Has urine leakage affected your .76
emotional health (nervousness,
depression, etc.)?

Not at all 199 (91.7%) 125 (94.0%)

Slightly 15 (6.9%) 7(5.3%)

Moderately 3(1.4%) 1(.8%)

Greatly 0 (0.0%) 0 (0.0%)
Has urine leakage affected your feeling .32
frustrated?

Not at all 187 (87.0%) 116 (87.2%)

Slightly 19 (8.8%) 15 (11.3%)

Moderately 9 (4.2%) 2.(1.5%)

Greatly 0 (0.0%) 0 (0.0%)
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Table S5. Mean scores of the urogenital distress inventory — 6 per stratified analysis.

Urogenital Distress Inventory - 6 Mean score Standard deviation

Age 60-70
Premenopausal RRSO (RRSO <45 years of age) 20.4 17.7
Postmenopausal RRSO (RRSO > 54 years of age) 18.8 16.2,
Premenopausal RRSO& o children 16.7 15.9
Postmenopausal RRSO & o children 14.7 17.1
Premenopausal RRSO & > 1 child 21.3 18.0
Postmenopausal RRSO & >1 child 19.5 16.0

Premenopausal RRSO (RRSO <45 years of age)

Early premenopausal RRSO (RRSO <40 years of age) 18.2 17.1
Later premenopausal RRSO (RRSO at 41-45 years of age) 18.8 17.3
Current users MHT 18.9 20.2
Former users MHT 20.2 18.3
Never users MHT 17.6 16.2

Table Sé6. Proportion of women with symptomatic urinary incontinence according to the cut-off score
of > 33.33 on the urogenital distress inventory -6 per stratified analysis.

Urogenital Distress Inventory - 6 cut-off for symptomatic urinary n %
incontinence (score > 33.33)

Age 60-70
Premenopausal RRSO (RRSO <45 years of age) 50 23.6%
Postmenopausal RRSO (RRSO = 54 years of age) 25 18.9%
Premenopausal RRSO& o children 7 16.7%
Postmenopausal RRSO & o children 2 10.0%
Premenopausal RRSO & >1 child 43 25.3%
Postmenopausal RRSO & >1 child 23 20.5%
Premenopausal RRSO (RRSO <45 years of age)
Early premenopausal RRSO (RRSO <40 years of age) 33 22.6%
Later premenopausal RRSO (RRSO at 41-45 years of age) 68 20.5%
Current users MHT 6 24.0%
Former users MHT 27 27.8%

Never users MHT 58 18.1%
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Table S7. Mean scores of the incontinence impact questionnaire — short form per stratified analysis.

Incontinence Impact Questionnaire short form Mean score Standard deviation

Age 60-70
Premenopausal RRSO (RRSO <45 years of age) 3.2 8.4
Postmenopausal RRSO (RRSO > 54 years of age) 3.8 8.9
Premenopausal RRSO& o children 2.3 6.0
Postmenopausal RRSO & o children 0.7 2.1
Premenopausal RRSO & >1 child 3.4 8.8
Postmenopausal RRSO & > 1 child 4.4 9.5

Premenopausal RRSO (RRSO <45 years of age)
Early premenopausal RRSO (RRSO <40 years of age) 3.0 8.8
Later premenopausal RRSO (RRSO at 41-45 years of age) 3.1 8.2
Current users MHT 4.8 10.5
Former users MHT 4.6 11.5
Never users MHT 2.5 7.2

Table S8. Proportion of women with symptomatic urinary incontinence according to the cut-off score of
>9 on the incontinence impact questionnaire — short form per stratified analysis.

Incontinence Impact Questionnaire short form - cut-off for significant n %
impact on quality of life (score > 9)

Age 60-70
Premenopausal RRSO (RRSO <45 years of age) 22 10.4%
Postmenopausal RRSO (RRSO > 54 years of age) 17 13.0%
Premenopausal RRSO& o children 4 10.0%
Postmenopausal RRSO & o children o 0.0%
Premenopausal RRSO & > 1 child 18 10.5%
Postmenopausal RRSO & >1 child 17 15.2%
Premenopausal RRSO (RRSO <45 years of age)
Early premenopausal RRSO (RRSO <40 years of age) 1 7.8%
Later premenopausal RRSO (RRSO at 41-45 years of age) 25 10.9%
Current users MHT 5 20.0%
Former users MHT 13 14.3%

Never users MHT 26 8.2%
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Table S9. Regression coefficients on the urogenital distress inventory — 6 of variables and their corresponding
95% confidence interval.

Urogenital Distress Inventory - 6 B-coefficient  95% confidence interval
Age 60-70
Premenopausal RRSO (RRSO <45 years of age) 4.91 -0.22 10.05
Postmenopausal RRSO (RRSO > 54 years of age) 0.00
Age (per year increase) 0.70 -0.09 1.49
No history of breast cancer 0.00
History of breast cancer -3.22 -7.01 0.57
o children 0.00
>1child 2.50 -2.22 7.22
BMI (per 1kg/m? increase) 0.56 0.49 1.22,

Premenopausal RRSO (RRSO <45 years of age)

Early premenopausal RRSO (RRSO <40 years of age) 0.00

Later premenopausal RRSO (RRSO at 41-45 years of age) 0.57 -3.26 4.40
Age (per year increase) 0.51 0.01 1.01
No history of breast cancer 0.00

History of breast cancer -0.96 -4.88 2.96
o children 0.00

>1child 0.35 -3.76 4.45
BMI (per 1kg/m? increase) 0.74 0.40 1.07
Current users MHT 0.25 -7.36 7.85
Former users MHT 2.36 -2.43 7.14

Never users MHT 0.00
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Table S10. Odd ratios for symptomatic urinary incontinence according to the urogenital distress
inventory and their corresponding 95% confidence interval.

Urogenital Distress Inventory - 6 cut-off for symptomatic Odds Ratio  95% confidence interval
urinary incontinence (score > 33.33)

Age 60-70
Premenopausal RRSO (RRSO <45 years of age) 2.06 0.90 4.71
Postmenopausal RRSO (RRSO > 54 years of age) 1.00
Age (per year increase) 1.09 0.96 1.23
No history of breast cancer 1.00
History of breast cancer 0.58 0.32 1.04
o children 1.00
>1child 1.79 0.76 4.20
BMI (per 1kg/m? increase) 1.13 1.07 1.19

Premenopausal RRSO (RRSO <45 years of age)

Early premenopausal RRSO (RRSO <40 years of age) 1.00

Later premenopausal RRSO (RRSO at 41-45 years of age) 1.14 0.64 2.05
Age (per year increase) 1.03 0.96 1.11
No history of breast cancer 1.00

History of breast cancer 1.06 0.58 1.94
o children 1.00

>1child 0.83 0.45 1.53
BMI (per 1kg/m? increase) 111 1.05 1.16
Current users MHT 1.69 0.55 5.20
Former users MHT 2.04 1.01 4.12

Never users MHT 1.00
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Table S11. Regression coefficients on incontinence impact questionnaire — short form of variables and
their corresponding 95% confidence interval.

Incontinence Impact Questionnaire short form B-coefficient  95% confidence interval
Age 60-70
Premenopausal RRSO (RRSO <45 years of age) -1.07 -3.68 1.54
Postmenopausal RRSO (RRSO > 54 years of age) 0.00
Age (per year increase) 0.11 -0.29 0.52
No history of breast cancer 0.00
History of breast cancer 0.61 -1.35 2.57
o children 0.00
>1child 1.49 -1.03 4.01
BMI (per 1kg/m? increase) 0.29 0.09 0.48

Premenopausal RRSO (RRSO <45 years of age)

Early premenopausal RRSO (RRSO <40 years of age) 0.00

Later premenopausal RRSO (RRSO at 41-45 years of age) 0.94 -1.12 2.99
Age (per year increase) -0.03 -0.30 0.23
No history of breast cancer 0.00

History of breast cancer 0.76 -1.33 2.85
BMI (per 1kg/m? increase) 0.28 0.10 0.47
o children 0.00

>1child -1.89 -4.11 0.34
Current users MHT 2.00 -2.02 6.02
Former users MHT 3.33 0.74 5.92

Never users MHT 0.00
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Table S12. odd ratios for symptomatic urinary incontinence according to the incontinence impact
questionnaire — short form of and their corresponding 95% confidence interval.

Incontinence Impact Questionnaire short form - cut-offfor =~ Odds Ratio  95% confidence interval
significant impact on quality of life (score > 9)

Age 60-70
Premenopausal RRSO (RRSO <45 years of age) 0.73 0.27 1.98
Postmenopausal RRSO (RRSO > 54 years of age) 1.00
Age (per year increase) 1.09 0.93 1.28
No history of breast cancer 1.00
History of breast cancer 1.04 0.49 2.25
o children 1.00
>1child 1.88 0.54 6.56
BMI 1.11 1.04 1.19

Premenopausal RRSO (RRSO <45 years of age)

Early premenopausal RRSO (RRSO <40 years of age) 1.00

Later premenopausal RRSO (RRSO at 41-45 years of age) 2.19 0.91 5.28
Age (per year increase) 0.99 0.89 1.09
No history of breast cancer 1.00

History of breast cancer 1.39 0.59 3.27
BMI (per 1kg/m? increase) 1.09 1.02 1.17
o children 1.00

>1child 0.55 0.25 1.24
Current users MHT 3.26 0.78 13.57
Former users MHT 3.13 1.19 8.21

Never users MHT 1.00
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Focus of this thesis

The research presented in this thesis aimed to evaluate the long-term health effects of
risk-reducing salpingo-oophorectomy (RRSO) in women at high familial risk of breast
and/or ovarian cancer. We investigated the long-term effects of a premenopausal
RRSO on cardiovascular disease (CVD) risk, bone health, quality of life and
urogenital functioning, including sexual functioning and urinary incontinence. All
chapters in this thesis are based on results of the Health After Early Menopause Due
to Oophorectomy (HARMOny) study. In this study we included 500 women at high
familial risk of breast and/or ovarian cancer who underwent a premenopausal RRSO
(<45 years) and compared them with 240 women with comparable familial risk who
underwent a postmenopausal RRSO (=54 years). To participate in our study women
had to be at least 55 years or older, leading to a follow-up time of at least 10 years
after premenopausal RRSO. In this final chapter I will describe the main results of
our study, compare our results with the current literature, discuss the methodology
of the HARMOny study and provide clinical implications and future perspective for
this research topic to be able to draw overall conclusions.

Main results and implications

In Chapter 2, we assessed the long-term effects of timing of RRSO on coronary artery
calcium (CAC) as a marker of subclinical atherosclerosis and CVD risk. For this study
we compared women who underwent a premenopausal RRSO with women who
underwent a postmenopausal RRSO and with a reference group from the general
population (ROBINSCA trial). In addition, we assessed if timing of premenopausal
RRSO influenced CAC scores by comparing women who underwent an early
premenopausal RRSO (<41 years) with women who underwent a late premenopausal
RRSO (41-45 years. Twenty-one years after surgical menopause, we did not observe
increased CAC scores in women with a premenopausal RRSO compared with women
who underwent a postmenopausal RRSO (multivariably adjusted RR 0.93, 95% CI,
0.75-1.15 for any CAC; RR 0.71, 95% CI, 0.43-1.17 for at least moderate CAC; RR 0.81,
95% CI, 0.30-2.13 for severe CAC). CAC scores of the premenopausal RRSO group were
also comparable to those of an external reference population of similar age (RR 1.05,
95% CI, 0.92-1.21 for any CAC; RR 1.11, 95% CI, 0.80-1.53 for at least moderate CAC;
RR 1.05, 95% CI, 0.50-2.20 for severe CAC). Furthermore, an early premenopausal
RRSO before the age of 41, compared to an RRSO between ages 41 and 45 years was
not associated with increased CAC scores. We did not find a protective effect of MHT
use on increased CAC scores, neither for ever use nor for the duration of use and
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MHT use was not a confounder in our analyses. In conclusion, Chapter 2 does not
support a long-term adverse effect of surgical menopause on the development of
cardiovascular disease.

In Chapter 3, we assessed the effects of timing of RRSO on arterial stiffness measured
as pulse wave velocity (PWYV), as a surrogate marker of arteriosclerosis and CVD
risk. In addition, we studied the association between PWV and CAC in women with
a premenopausal RRSO. Women who underwent a premenopausal RRSO did not
have increased PWYV levels compared with women who underwent a postmenopausal
RRSO; remarkably, women who underwent a premenopausal RRSO even had reduced
PWYV levels (B -0.87, 95% CI, -1.45, -0.28 for continuous PWV in m/s; RR 0.80, 95%
CI, 0.52, 1.25 for having a PWV level in the upper quintile). Among women who
underwent a premenopausal RRSO, we observed an association between PWYV level
and presence of CAC (RR 1.07, 95% CI, 1.02-1.13 for PWV as continuous variable;
RR 1.32, 95% CI, 1.04-1.68 for being in the upper PWV quintile). In conclusion,
in Chapter 3 we did not find long-term increased arterial stiffness in women who
underwent a premenopausal RRSO compared with a postmenopausal RRSO.

In Chapter 4, we studied the association of timing of RRSO on bone mineral density
(BMD). We showed that for both the lumbar spine (LS) and femoral neck (FN) the
BMD Z-scores were lower in the premenopausal RRSO group compared with the

postmenopausal RRSO group, suggesting a long-term effect of surgical menopause
on BMD (B -0.88, 95% CI, -1.10,-0.66 for LS; B -0.51, 95% CI, -0.71,-0.31 for FN). In
addition, women in the premenopausal RRSO group were at a significant higher risk
of a lowered BMD Z-score (Z-score < -1.0) of either the lumbar spine and/or femoral
neck, compared with the postmenopausal RRSO group (absolute risk 18.2% vs 9.5%;
RR 2.05, 95% CI, 1.30-3.25). However, in subgroup analyses in women aged 60-70
at study visit, we observed no difference in the prevalence of either osteopenia or
osteoporosis (T-score < -1.0) in the premenopausal RRSO group compared with the
postmenopausal RRSO group (RR 1.04, 95% CI, 0.74-1.48 for LS; RR 1.09, 95% CI, 0.81-
1.46 for FN). An early premenopausal RRSO before the age of 41, compared to an RRSO
between ages 41 and 45 years was not associated with decreased BMD. Chapter 4
shows that a premenopausal RRSO is associated with long-term lowered BMD;
however, in subgroup analyses we did not observe a difference in the prevalence of
osteopenia or 0steoporosis.
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In Chapter 5, we provided an overview of all the outcomes studied in the HARMOny
study. In addition, we investigated the long-term effects of RRSO on quality of
life (HRQOL) by using the 36-Item Short Form Health Survey (SF-36) and the
Cancer Worry Scale (CWS). Twenty-one years after surgical menopause, women
who underwent a premenopausal RRSO did not have a higher prevalence of
impaired physical or mental quality of life compared with women who underwent a
postmenopausal RRSO (RR 0.99, 95% CI, 0.72-1.37 for a lowered physical component
score; RR 1.18, 95% CI, 0.38-3.62 for a lowered mental component score). Timing of
RRSO did not influence fear of cancer (RR 0.81, 95% CI, 0.61-1.09). In conclusion, we
did not find a long-term difference in quality of life between the premenopausal and
postmenopausal RRSO groups.

In Chapter 6, we assessed the association between timing of RRSO and long-term
sexual functioning using the Sexual Activity Questionnaire. Women who underwent
a premenopausal RRSO reported similar sexual pleasure compared with women who
underwent a postmenopausal RRSO (mean pleasure score 8.6, P=0.99). However,
women who underwent a premenopausal RRSO did report more discomfort during
sexual activity (OR 3.1, 95% CI, 1.04-9.4), mainly due to increased vaginal dryness
(OR 2.6, 95% CI, 1.4-4.7). This seemingly contradictory finding might be explained
by sexual pleasure not being limited to penetration, but also self-stimulation or
non-penetrating sex. In conclusion, Chapter 6 shows that more than 15 years after
premenopausal RRSO, women experienced more severe complaints of vaginal dryness
and more discomfort with sexual intercourse than women with a postmenopausal
RRSO. However, this did not result in less pleasure during sexual activity.

In Chapter 7, we studied the effects of timing of RRSO on urinary incontinence.
Women who underwent a premenopausal RRSO had no (significantly) increased
risk of overall symptomatic incontinence compared with women who underwent
a postmenopausal RRSO (OR 2.1, 95% CI 0.93-4.78). However, when we focused
more on different types of incontinence, we observed increased risk of stress
incontinence (absolute risk: 13% vs 8%; OR 3.5, 95% CI, 1.2-10.0). We observed no
increased risk for urge incontinence in women who underwent a premenopausal
RRSO compared with women who underwent a postmenopausal RRSO (OR 1.1, 95%
CI 0.5-2.4). Remarkably, women who had a history of menopausal hormone therapy
use experienced more symptomatic overall urinary incontinence (OR 1.9, 95% CI,
1.1-3.3). In conclusion, Chapter 7 shows that women who underwent a premenopausal
RRSO are at increased risk of stress urinary incontinence compared with women who
underwent a postmenopausal RRSO.
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General discussion and comparison with the literature

History of cardiovascular disease research in women and the effect

of menopause

The study of differences in the pathogenesis of cardiovascular disease between
women and men is a relatively young research area. Until the 1980s-1990s, most large
epidemiological studies and drug trials were limited to men.' Therefore, evidence
concerning CVD risk-assessment, prevention and treatment, including the traditional
risk factors we use today, was initially based on studies performed predominantly on
men. It was assumed that the results found in these studies were generalizable to the
general population, irrespective of race and sex. Since that time we have come a long
way to find out that this is certainly not true. Smoking and diabetes mellitus have
been shown to be stronger CVD risk factors in women compared to men.? It stands
to reason that female-specific risk factors of CVD, including the effects of (timing
of) menopause were also scarcely studied before the 1980s. The first reports on the
association between menopause and risk of CVD and ischemic heart disease (IHD)
were published in 1976 and 1978 by the investigators of the landmark Framingham
study.>* These investigators found a twofold increased incidence of CVD in women
aged 40-55 years who were postmenopausal compared with similarly aged women
who were premenopausal. Furthermore, in the same cohort they found an odds-
ratio of 2.7 for ischemic heart disease (IHD) in women who were postmenopausal
compared with women who were premenopausal. These findings agreed with the
observations made earlier that, before middle age, coronary artery disease was
much less prevalent in women than in men, suggesting a possible protective effect
of estrogen on IHD in premenopausal women.>¢ Another important publication was
a large prospective cohort study of 121,700 US women aged 30-55 years by Colditz
et al. in 1987, showing that women who underwent bilateral oophorectomy were at
increased risk of IHD compared to women who were premenopausal and of similar
age (RR: 2.2, 95% CI 1.2-4.2).” In addition, they observed that this increased risk was
canceled out by the use of estrogen-replacement therapy (RR: 0.9, 95% CI 0.6-1.6).
These results, in combination with a number of more recent reports appear to imply
that menopause is associated with increased CVD risk. A meta-analysis performed
by Muka et al. reported an elevated risk (HR: 1.50, 95% CI, 1.28-1.76) for ischemic
heart disease when comparing women with a natural menopause before age 45 with
women aged 45 or older at menopause.® Another large meta-analysis by Roeters-
van Lennep et al. showed significantly elevated CVD risk after natural menopause
before 40 years (HR: 1.61, 95% CI, 1.22-2.12).> However, it remained unclear whether
this association is indeed causal. Related to this, it remained unclear whether early
surgical menopause is also associated with increased CVD risk.
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Our results in the context of what is known about surgical menopause
and CVD risk

The few studies investigating the direct association between surgical menopause and
CVD risk provided inconsistent results, possibly because they were limited by study
design or subject to bias due to confounding by indication. The latter bias could arise
because the indication for surgical menopause may be associated with increased
CVD risk. A large cohort study by Dam et al. showed an increased risk for IHD when
comparing women with a surgical menopause (n=2206) with a natural menopause.”
However, this increased risk could largely be explained by differences in established
CVD risk factors such as high blood pressure and dyslipidemia. In addition,
surgical menopause was defined by hysterectomy and/or any oophorectomy and
a sensitivity analysis restricted to women who underwent bilateral oophorectomy
showed no increased CVD risk. Another recent cohort study by Honigberg et al.
found an increased risk of CVD after menopause by bilateral oophorectomy under
age 40 (n=644), compared to women with either natural or surgical menopause after
age 40." Furthermore, in the Nurses’ Health study, Parker et al. found an increased
risk of ITHD and stroke in women who had bilateral oophorectomy combined with
hysterectomy before the age of 45 compared with women of similar age who had
hysterectomy alone.” Finally, a large cohort study by Rivera et al. showed increased
CVD-associated mortality following bilateral oophorectomy before the age of 45
(n=991) compared to a referent group matched by age.? However, in both the studies
of Honigberg et al. and Parker et al., the indication for bilateral oophorectomy was
not specified, rendering the results subject to potential confounding by indication.
In the study of Rivera et al. the indications for bilateral oophorectomy were reported,
with most frequent indications being RRSO, endometriosis and benign cysts.
Endometriosis has been associated with an increased risk for CVD, irrespective of
a history of surgical menopause, and whether CVD risk is increased in women with
cysts remains unclear.*” Yet, no subgroup analyses were performed by Rivera et al.
among women with RRSO. Moreover, because of the relatively high proportion of
BRCA1/2 gPV carriers treated for (breast) cancer and the possible confounding effect
of in particular radiotherapy and chemotherapy, comparisons of CVD risk between
women who underwent RRSO and the general population may be biased.

Since the large majority of CVD events in women occur after the age of 65, the
relatively young age of our study population (median 59.2 years at study in the
premenopausal RRSO group) precluded analysis of the risk of CVD outcomes. We
simply did not expect enough events to compare possible differences between the
premenopausal and postmenopausal RRSO groups with sufficient power. Therefore,
we used two different markers for CVD risk with excellent predictive value as
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intermediary outcomes. In our study, we found no long-term differences in coronary
artery calcification (CAC) scores in women who underwent a premenopausal RRSO
compared with a postmenopausal RRSO after a median follow-up of 21 years. Our
study is the first one to investigate the possible effect of surgical menopause on CVD
risk by using CAC as a measure of subclinical atherosclerosis. Although surgical
menopause does not appear to be associated with atherosclerosis, this does not
entirely rule out the possibility of increased CVD risk after surgical menopause
through other pathways. Another known pathway associated with CVD risk is
vascular ageing caused by stiffening and thickening of the aortic wall, which can
be measured by pulse wave velocity (PWV).**** We did also not observe long-term
increase of PWYV levels in women in the premenopausal RRSO group compared
with the postmenopausal RRSO group. Our findings in women who underwent a
surgical menopause are consistent with a recent smaller study by van Bommel et al.
who found no association between time since RRSO and several predictors of CVD
events, including PWV and carotid intima-media thickness, another known marker
of subclinical atherosclerosis, in a cohort of female BRCA1/2 gPV carriers.”

While there are no studies investigating the association between CAC and surgical
menopause, there are two studies that investigated development of CAC after early
natural menopause. Freaney et al. showed no differences in having any CAC (CAC>0)
or moderate CAC (CAC>100) in women with a menopause before the age of 40
compared with women of similar age with a menopause after 40 or who were still
premenopausal.?® In addition, Gunning et al. found no differences in CAC scores or
MESA percentile in women with premature ovarian insufficiency (POI), compared
with age and race-matched controls from the Multi-Ethnic Study of Atherosclerosis
(MESA).” At first sight, the results of these studies might raise a question about CAC as
a precursor of CVD risk after early menopause. However, a more plausible explanation
might be the rather young median age of the study populations (median age 49.4 and
50 years, respectively, compared with 64.5 years in our study); therefore, participants
were probably not yet old enough to expect significant differences in subclinical
atherosclerosis using CAC, due to the lower prevalence of increased CAC at those ages
and the lower sensitivity of CAC>o for plaques at younger age, especially in women.>*

Reverse causality hypothesis regarding menopause and CVD risk

The results described in this thesis suggest that surgical menopause is not associated
with elevated future CVD risk. Interestingly, a study by Krul et al. did also not show
an increase in CVD risk after another form of early artificial menopause, i.e. POI
induced by chemotherapy in Hodgkin lymphoma survivors.* In contrast, two recent
meta-analyses showed a clear association between early natural (non-artificial)
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menopause and CVD risk.®® These contradictory findings suggest that early natural
menopause is associated with increased CVD risk, whereas an early surgical (or
otherwise artificial) menopause is not. This discrepancy may be explained by the
hypothesis that early natural menopause is the result of accelerated vascular ageing,
leading to a statistical (non-causal) association between early natural menopause
and increased CVD risk, which was hypothesized by Kok et al.? They showed that
increased premenopausal weight, blood pressure and total cholesterol levels
were associated with an earlier age at menopause in women in the Framingham
Heart Study cohort. In addition, a decrease of serum total cholesterol during the
premenopausal period was associated with a later age at menopause. This hypothesis
offers an alternative explanation, next to the estrogen deficiency hypothesis, for the
association found between early natural menopause and increased CVD risk. This
may also explain our observations that surgical menopause was not associated with
markers for increased CVD risk.

Bone mass and menopause

Osteoporosis is literally as old as the pyramids. Paleopathological studies show that
osteoporotic fractures in women were already present in ancient Egypt, as early as
1990 BC. 2 The first to describe sex-specific differences in bone health was von Bruns
in 1882.%” He observed that, before the age of 50 years, men were at a 8 times higher
risk for fractures compared to women. However, this changed dramatically after
the age of 50; women were at an increased risk for fractures compared with men,
especially for hip fractures. At that time, this difference was considered to be caused
by women tripping over their long skirts.>® In 1941, Albright et al performed the first
study to describe the association between menopause and osteoporosis and the role
of estrogen deficiency in bone loss.? In the years that followed numerous studies
showed that menopause leads to accelerated bone loss, osteopenia/osteoporosis
and subsequent risk of fractures. The generally assumed mechanism behind this
phenomenon is that estrogen deficiency leads to an imbalance between bone
resorption due to osteoclast activity and bone formation due to osteoblast activity.*
However, the overall effect of menopause on bone loss can be challenging to measure
because of the concomitant influence of ageing. Most men and women reach their
peak bone mass in the third decade of life; after that they start to lose bone mass.”
This age-related bone loss is progressive, especially after the age of 65, and studies
suggest it to be independent of estrogen deficiency.* In addition to the overall effects
on bone mass, the influence of menopause and age on bone mass differ between
specific (type of) bones. Studies in women show that the lumbar spine (LS) is mainly
influenced by estrogen deficiency, with a large portion of bone loss occurring during
and after menopause, whereas the femoral neck (FN) is less influenced by menopause,
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showing a more gradual decline throughout life directly after reaching the peak bone
mass.” Although estrogen deficiency due to early menopause is associated with a
short-term decrease of bone mass, it remains unclear whether these effects persist
in later life or are attenuated by age-related bone loss. A recent longitudinal study
from Australia with a median of follow-up of 23 years showed that women with an
early menopause before the age of 45 had an increased risk of osteoporosis and
fractures compared with women who underwent menopause after the age of 45
(OR: 1.37; 95% CI 1.07-1.77 for osteoporosis, OR: 1.45; 1.15-1.81 for fractures).*
However, other studies investigating the long-term effects of early menopause on
bone mass and fracture risk show inconsistent results.*

Our results in the context of what is known about surgical menopause
and bone mass

Because surgical menopause leads to acute estrogen deficiency as compared to
a more gradual decline of estrogen levels in women undergoing an early natural
menopause, it has been hypothesized that surgical menopause has an even larger
impact on bone mineral density (BMD). Our observation that women who underwent
a premenopausal RRSO before the age of 46 had long-term reduced BMD compared
with women who underwent the same surgery after the age of 54, is consistent
with other recent studies in BRCA1/2 GPV carriers.”* However, these studies had a
relatively short follow-up time (median 2-5 years) and their results could therefore
be explained by the hypothesis of a rapid bone loss phase of 4-5 years after any type
of menopause, followed by a less steep but stable decline later on.* Women who
retained their ovaries might experience this rapid bone loss phase around their
natural menopause at a later age, leading to an only temporary difference of BMD
after premenopausal RRSO. Furthermore, on the long-term age-related bone loss
might attenuate the effects of surgical menopause. To investigate the possible long-
term differences in BMD between women who underwent a surgical menopause
and a natural menopause, both groups would therefore have to be at least 5 years
postmenopausal — if not more - at measurement of BMD, to be able to draw sound
conclusions about the long-term outcomes. In the HARMOny study we observed that
areduction in BMD was still present 18 years after surgical menopause. Other studies
investigating the long-term effects of RRSO on BMD are scarce and inconsistent.#*
Studies with a long-term follow-up not restricted to women at high familial risk of
ovarian cancer reported short-term decreased BMD after early surgical menopause
before the age of 45 compared with menopause after 45 years. However, the observed
differences observed in these studies gradually disappeared after the age of 55,
suggesting that the long-term effects of early menopause might be attenuated by
factors related to ageing.>#
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Quality of life after premenopausal RRSO in the current literature

In our study, we found no clinically significant long-term effects of timing of RRSO
on health-related quality of life (HRQOL). Other studies investigating the short-term
effects of RRSO also observed no effect on HRQOL. However, most studies did not
specify for timing of RRSO (pre- vs postmenopausal), and had relatively short follow-
up periods (median up to 5 years).** Although RRSO is known to affect HRQOL-
related outcomes including more vasomotor/menopausal complaints and a worsened
sexual function, generic HRQOL appears to be unchanged.** Recently, new insights
in the development of familial ovarian cancer have led to more research into potential
novel strategies for risk-reducing surgery. As high-grade serous carcinoma appears
to originate from the fallopian tubes it has been hypothesized that BRCA1/2 GPV
carriers may safely undergo risk-reducing salpingectomy without oophorectomy
(RRS) in the same age period as recommended by the current guidelines, with a 5 year
delay of bilateral oophorectomy and estrogen deficiency.**° Two recent prospective
trials suggest that, one year after surgery, women undergoing RRS experienced less
sexual problems and menopausal symptoms compared with women who underwent
RRSO according to current guidelines. However, in accordance with our study,
HRQOL was unaffected.s**

Urogenital functioning after surgical menopause in the current literature
Women in our study who underwent a premenopausal RRSO did not report long-
term differences in sexual pleasure compared with women who underwent a
postmenopausal RRSO or with the general population. However, we did find that
women who underwent a premenopausal RRSO experienced significantly more
vaginal dryness and discomfort during intercourse. This apparent contradiction
could be explained by the influence of non-penetrating sex on sexual pleasure.
Available studies investigating the influence of RRSO were consistent with our
findings concerning vaginal dryness; however, they also reported more sexual
problems and a reduced interest in sex.”*** These contradictory findings might be
explained by differences in methodology; average time since RRSO in the current
literature was up to 5 years, compared to 15 years in our study.

The HARMOny study is the first study to investigate urinary incontinence after
surgical menopause. We found that women who underwent a premenopausal RRSO
had significantly increased risk for stress incontinence compared with women who
underwent a postmenopausal RRSO. This was an unexpected finding, as we know
that urge urinary incontinence is more strongly associated with menopause than
stress urinary incontinence.® In general, the peak prevalence of stress urinary
incontinence occurs postpartum and around menopause. It is possible that the peak
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prevalence of stress urinary incontinence is higher after surgical menopause than
after natural menopause. Therefore, the prevalence of stress urinary incontinence
may still be higher in women who had surgical menopause at an earlier age. The
absence of other studies renders the interpretations of our results in the context of
the current literature difficult. However, we did find that the mean urinary distress
scores in our study population were higher compared with Dutch reference data,
indicating more problems caused by urinary incontinence after a RRSO compared
with the general population.s

Menopausal hormone therapy after early menopause

Menopausal hormone therapy (MHT), supplementation with estrogen alone or
estrogen in combination with progestogen, is widely used by perimenopausal women
to treat menopausal symptoms. In the general population, systemic MHT is mostly
prescribed to treat vasomotor symptoms such as hot flashes and night sweats,
whereas local estrogen is used to treat vulvovaginal symptoms. Because the risks and
benefits of MHT are still not entirely clear, there is a continuing scientific debate
about the indications and recommended dosage and duration of MHT treatment.
There is limited epidemiological evidence that MHT could be used to prevent adverse
effects of early menopause including CVD and osteoporosis.” However, a large study
from the Women's Health Initiative in the early 2000’s suggested an excess risk of
ischemic heart disease (IHD), stroke and breast cancer in women using MHT. 5
Although these results turned out to be affected by selection bias, the study led to
a drastic decline of women using MHT in the period 2001 to 2004 from 22% to 5%
in the United States and from 5.6% to 2.4% in the Netherlands.** Based on more
recent studies the current guidelines state that women aged 60 years or younger,
within 10 years of menopause and without contraindications, can safely be treated
with MHT for vasomotor symptoms.®%* However, an important contraindication for
MHT is high (>10%) 10-year CVD risk, and women at moderate (5-10%) 10-year CVD
risk are advised to only use transdermal MHT. In addition, these guidelines do not
recommend MHT to prevent CVD or osteoporosis. Women with early menopause and
without contra-indications are advised to use MHT until the age of 50, the mean age
at menopause in the general population.

MHT in the HARMOny study

Due to the aforementioned scientific uncertainties and because a history of (specific
types of) breast cancer is considered a contra-indication for MHT, a large proportion
of BRCA1/2 GPV carriers undergoing a premenopausal RRSO do not use MHT. In the
HARMOny study, only 29.9% of the women who underwent a premenopausal RRSO
had ever used any MHT (10.8% in the postmenopausal RRSO group). Nonetheless,
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studies investigating long-term effects of early menopause should include MHT use as
a confounder, as women with menopausal complaints or another indication for MHT
use may have increased risks of the outcomes of interest. In the HARMOny study,
we found that MHT had different effects on the outcomes and associations studied.
MHT use turned out not to be a confounder in our CAC analyses and adding MHT use
to our model did not influence the outcomes. In contrast, MHT was a confounder for
the outcomes of BMD and sexual functioning. As expected, in women who underwent
a premenopausal RRSO compared with women who underwent a postmenopausal
RRSO, the ever use of MHT protected against having a low BMD (RR 0.59; 95% CI
0.36-0.96, for Z-score of the LS and/or FN <-1.0). Remarkably, when investigating
the association of MHT use with PWV levels in the pre- and postmenopausal RRSO
groups, we found that women who (ever) used MHT were at increased risk of having
a PWV in the upper quintile (RR: 1.88, 95% CI, 1.09-3.22). If estrogen deficiency after
early menopause would cause increased arterial stiffness, we would have expected
lower PWYV levels in (former) MHT users, instead of the higher PWV levels we found.
An explanation of this finding might be that women who experience postmenopausal
vasomotor symptoms, the most frequent reason for prescribing MHT, are at increased
risk for (subclinical) CVD. Therefore, these findings could be caused by confounding
by indication for MHT.®% However, omitting MHT as a confounder in our analyses
did not change our results regarding arterial stiffness, nor did sensitivity analyses
in women without a history of MHT use. We observed the same phenomenon in
our analyses concerning urinary incontinence. Women who ever used MHT were at
increased risk of experiencing symptomatic urinary incontinence, possibly because
they were prescribed MHT more often for this very reason. Since data on type of
MHT use were largely missing, we were not able to investigate possible explanations
regarding specific treatments further.

Methodological review of the HARMOny study

The HARMOny study has several strengths such as its nationwide character, relatively
large sample size, good overall response of 61.8%, distinct difference in age at RRSO
and a comparison group of women selected from the same cohort from which the
exposed group was drawn. By directly comparing women at high familial risk of
ovarian cancer with and without a premenopausal RRSO, potential selection bias and
confounding by indication for surgical menopause could strongly be reduced. Such
biases affected the results of most other studies in this research field because in these
reports comparisons were made with the general population or with premenopausal
women of similar age recruited from the same hospital or through advertisements.
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Nevertheless, it is important to consider some important limitations of our study
when appraising the results described in this thesis.

The HARMOny study was designed to investigate the long-term effects of a
premenopausal RRSO. To avoid selection bias when comparing women at high
familial risk for ovarian cancer who underwent an RRSO with the general population,
we compared women who underwent a premenopausal RRSO with women with
the same familial risk who underwent a postmenopausal RRSO. To be able to make
a more distinct evaluation of potential long-term differences between the pre- and
postmenopausal RRSO groups, we decided to consider women who underwent an
RRSO before the age of 46 in the premenopausal group, and women who underwent
RRSO after the age of 54 in the postmenopausal group. The rationale behind the
chosen age at RRSO in the premenopausal group is that the guidelines for women
at high familial risk recommend to undergo RRSO before the age of 46. In addition,
most studies define early menopause using a cutoff of 45 years, based on the
median age of menopause in high-income countries (50 to 52 years).® To be able to
adequately distinguish between the pre- and postmenopausal RRSO groups, women
in the postmenopausal group had to have a natural menopause after the age of 50,
and an RRSO after the age of 54. Since the outcomes of interest in our study take time
to develop and usually present themselves at a later age, women participating in our
study had to be at least 55 years at study enrollment; therefore, by design women in

the premenopausal RRSO group were at least 10 years after surgery at time of study.

Limitation 1: Difference in age at study between the pre- and
postmenopausal RRSO groups

These distinct differences in age between the pre- and postmenopausal RRSO groups
has led to a limitation of our study. During the inclusion period we observed a
substantial difference in age at study (median 10.1 years) between the premenopausal
and postmenopausal RRSO groups. This age difference was caused by a change
in the 2007 guidelines for management of ovarian cancer risk in BRCA1/2 GPV
carriers, leading to a strongly decreased prevalence of postmenopausal RRSO.* In
the past women were advised to undergo 3-monthly transvaginal ultrasound and
serum cancer antigen 125 (CA-125) screening; however, studies have shown that
screening for ovarian cancer is not effective, neither for hereditary nor for sporadic
ovarian cancer.”*® This has led to an uptake of 81-99% of premenopausal RRSO in
female BRCA1/2 GPV carriers in the Netherlands.®” Therefore, there are simply
less relatively young women with a history of postmenopausal RRSO, leading to a
median age of 69.8 years (67.0-73.2) at time of study in our postmenopausal RRSO
group and median 59.2 years (57.5-62.1) in our premenopausal RRSO group. As most
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outcomes investigated in the HARMOny study (subclinical CVD and BMD) were age-
dependent, the distribution of age at study in the pre- and postmenopausal RRSO
groups should overlap to a sufficient extent in order to adequately adjust for age in
our analyses. However, since it turned out that there was not enough overlap in ages
at study between both groups to adjust for this important variable we used several
methods to address this problem. First, we restricted our analyses to women in the
study population aged 60-70 years at study enrollment to investigate the outcomes
of increased CAC score, risk of osteopenia/osteoporosis, PWV levels, quality of life,
sexual pleasure and urine incontinence in Chapters 2-6. Furthermore, in Chapter 4,
we were able to use the BMD Z-scores (already adjusted for age) of both the LS and
FN to perform analyses in the entire study population. In addition, in all chapters
of this thesis, we were able to use the entire premenopausal RRSO group to assess
the influence of timing of premenopausal RRSO (before the age of 41 vs age 41-45).
Finally, in Chapter 2, we had the unique opportunity to compare the CAC scores of
our premenopausal RRSO group with CAC scores in similarly aged women in the
ROBINSCA general population cohort.

Limitation 2: Cross-sectional study

Other possible limitations are related to the cross-sectional design of the HARMOny
study. We decided to use this design because of the long follow-up required if we
would have used a prospective longitudinal approach and the relatively limited
resources available. Possible limitations consist of potential survival and selection
bias. It is possible that women eligible for the HARMOny study did not participate
in our study because of morbidity or mortality directly caused by the outcomes in
our study, especially CVD-related outcomes. In addition, our cross-sectional study
provides no information on short-term effects of an RRSO or on longitudinal changes
in our outcomes of interest in the course of follow-up. It would have been interesting
to know for especially BMD, cognition and sexual problems whether there were
short-term effects of premenopausal RRSO measurable in our cohort, since other
studies reported short-term effects for those outcomes which we did not observe
in our long-term assessment. Some possible limitations were addressed by nesting
our study in the Hereditary Breast and Ovarian cancer study Netherlands (HEBON)
cohort. The HEBON cohort is a well-established nationwide cohort consisting of
women at high familial risk of breast and/or ovarian cancer recruited from all eight
Dutch University Medical Centers and the Netherlands Cancer Institute.” As our
study was nested in the HEBON cohort, we had the unique opportunity to obtain
the causes of death, from Statistics Netherlands, for all women who were otherwise
eligible for the HARMOny study but died before the start of the study.” Only 1.9%
of these women died because of a cardiovascular event. Unsurprisingly, the most
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frequent cause of death was cancer (87.6%), with breast cancer as the main cause
(55.2%). Selection bias might also have arisen due to differences in response rates
between the premenopausal group (68.0%) and the postmenopausal group (50.8%).
A likely explanation is that women in the postmenopausal RRSO group felt less
inclined to participate as our research hypotheses focused on the consequences of
premenopausal surgical menopause. However, we cannot completely rule out the
possibility that the lower participation rate in the postmenopausal RRSO group is
caused by CVD-related morbidity. We were able to address this potential bias using
previously collected data from questionnaire surveys completed for the HEBON
study.” In these questionnaires, current non-responders in our postmenopausal
RRSO group did not report a lower or higher prevalence of CVD than our responders.
Although it was not feasible to collect information about the prevalence of the other
outcomes of our study in non-responders, we do not expect that potential morbidity
related to these outcomes has led to lower participation. Another limitation of using
a cross-sectional design was the inability to draw definitive conclusions on causality.
Although very unlikely, it might be theoretically possible that the outcomes studied
were already present at time of exposure and differed between the two groups
at that time. In order to prove that the observed differences between the pre- and
postmenopausal RRSO groups are definitely caused by timing of RRSO (longitudinal)
prospective studies are needed. However, as mentioned before, it will be challenging
in the future to select enough women who underwent a postmenopausal RRSO and
are of similar age to provide sufficient power.

Clinical recommendations based on the HARMOny study

The aim of the HARMOny study was to provide insight into the long-term effects of
premenopausal RRSO, for women who have undergone this impactful intervention
and women considering to undergo RRSO in the future. The HARMOny study also
aimed to generate information for health care professionals aiding and counseling
these women to improve balancing health benefits and long-term adverse effects of
a premenopausal RRSO. This thesis provides some reassuring evidence about these
long-term effects.

Regarding (subclinical) CVD, women and their treating physicians can be informed
that twenty-one years after a premenopausal RRSO, we did not find increased
risk of two important markers of cardiovascular disease risk. Both the CAC score
as a measure of subclinical atherosclerosis and PWV level as a measure of arterial
stiffness were not increased in the premenopausal RRSO group compared with the

217




218 | Chapter 8

postmenopausal RRSO group. This is important information because of the existing
concerns of women who underwent a premenopausal RRSO, due to the reported
association between an early natural menopause and CVD risk. In addition, we found
no evidence that timing of premenopausal RRSO (RRSO<41 years vs RRSO 41-45years)
influences these outcomes. We therefore conclude that women who underwent a
premenopausal RRSO do not need to undergo any extra screening for CVD, besides
the conventional cardiovascular risk management screening which is current practice
in the general population in the Netherlands.

Regarding bone health, women and their treating physicians can be informed that,
eighteen years after a premenopausal RRSO bone mineral density is still decreased.
Women in the premenopausal RRSO group are at an approximately 2 times higher
risk of a lowered BMD Z-score of either the lumbar spine and/or femoral neck,
compared with the postmenopausal RRSO group (absolute risk 18.2% vs 9.5%).
Somewhat surprisingly, in analyses in a subgroup of 60-70 year olds, we did not
find an increased risk for osteopenia/osteoporosis or fractures. We therefore advice
to consider adding premenopausal RRSO to the risk factors for osteoporosis which
are used when assessing the indication for a DXA scan. However, we do not advice
that women with a history of a premenopausal RRSO should undergo periodical DXA
scanning by default.

Regarding quality of life, when integrating our results with studies examining short-
term effects of RRSO, women and their treating physicians can be informed that
there does not appear to be a clinically significant impact of premenopausal RRSO
on HRQOL, both in the short-term and 21 years after RRSO. In addition, we found
no influence of timing of premenopausal RRSO on HRQOL many years later. This
is a reassuring message for women undergoing a premenopausal RRSO. Among
the women who underwent premenopausal RRSO in our study, 70.9% reported less
fear of cancer after the decision to undergo RRSO. Although 75.9% of these women
considered themselves to be well-informed when deciding to undergo premenopausal
RRSO, 16.3% reported that they were not well-informed. These results show that
there is still room for improvement for health care professionals counseling women
undergoing a premenopausal RRSO.

Regarding sexual functioning, when integrating our results with studies examining
short-term effects of RRSO, women and their treating physicians can be informed
that a premenopausal RRSO does not influence long-term sexual pleasure. However,
both in the short-term and on the long run, they may experience more vaginal dryness
and discomfort during sexual intercourse. Health care professionals counseling
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women undergoing RRSO should inform women about these effects and possible
treatment options to minimize the possible influence on quality of life.

Regarding urinary incontinence, women and their treating physicians can be
informed that after undergoing a premenopausal RRSO, they are at a 3.5 times
higher risk of experiencing stress urinary incontinence compared with women who
underwent a postmenopausal RRSO. However, this increased relative risk translates
to quite a low absolute risk (13% vs 8%). In addition, this higher risk of stress urinary
incontinence did not lead to a lower health-related quality of life. Long-term urge
urinary incontinence does not appear to be affected by timing of RRSO. Regrettably,
literature regarding the short-term effects of RRSO on urinary incontinence is
lacking. Therefore, providing advice concerning this important topic is difficult.

Future perspectives

To our knowledge, our cohort of women who underwent a RRSO is internationally
unique because of its size (N=740) and the long-term follow-up. To date there have
been no other publications comparing the long-term effects of a premenopausal
and a postmenopausal RRSO. As argued before, the cross-sectional design of our
study has some limitations. However, changes in the guidelines for RRSO in 2007
have led to an increased uptake of premenopausal RRSO in the Netherlands in
BRCA1/2 GPV carriers, with estimated rates of 81% to 99%. Therefore, we think it will
not be possible in the future to set up a prospective study comparing women with
a premenopausal RRSO with women with a postmenopausal RRSO. Furthermore,
because of the relatively high proportion of BRCA1/2 GPV carriers with a history of
treatment for (breast) cancer and the possible confounding effect of in particular
radiotherapy and chemotherapy, we think it is not justified to compare women
with a premenopausal RRSO with the general population alone for these outcomes.
Consequently, it will be increasingly challenging to investigate the long-term effects
of a premenopausal RRSO in the future. This renders the HARMOny study population
even more valuable for future research on long-term effects of premenopausal
RRSO. Therefore, we intend to perform a follow-up study of the HARMOny study,
including the 500 participants in the premenopausal group and 240 participants
in the postmenopausal group. At the time of the study visit, the median age of our
premenopausal RRSO group was only 59.2 years. It would be very interesting to
acquire more insight into especially, the development of cardiovascular disease, bone
health and cognition after premenopausal RRSO at a later age, for example at the age
of 65-70 years. This substantially higher age at study would also allow us to assess
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outcomes for which we did not expect enough events in the current study to compare
possible differences between the premenopausal and postmenopausal RRSO groups
with sufficient power, such as CVD events and fractures. Prospective follow-up
of our cohort using the same outcome measures as in the current study will also
benefit from the acquisition of longitudinal data on coronary artery calcium scores,
cognitive functioning and bone health. In addition, the aforementioned strategy of
risk-reducing salpingectomy with a s year delay of bilateral oophorectomy might
enable us to postpone estrogen deficiency by s years. If proven safe, this strategy
might reduce potential adverse effects of menopause due to risk-reducing surgery
in women at high familial risk of ovarian cancer in the future. It would be of great
interest to assess long-term CVD risk, BMD, sexual functioning, urine incontinence
and HRQOL in women who underwent this relatively new strategy compared with
women who underwent a premenopausal RRSO.

Overall conclusions

This thesis describes the various outcomes of the HARMOny study on the long-term
health effects of bilateral salpingo-oophorectomy before natural menopause on
subclinical CVD, bone mineral density, sexual functioning, urine incontinence and
quality of life. To summarize, we did not find any evidence for long-term increased
risk of (subclinical) CVD in the premenopausal compared with the postmenopausal
RRSO group. Although women who underwent a premenopausal RRSO had lower
bone mineral density, they did not have increased risk of osteopenia or osteoporosis.
In addition, women who underwent a premenopausal compared to a postmenopausal
RRSO did not report a negative influence on sexual pleasure or urge urinary
incontinence. We did observe, however, more vaginal dryness, sexual discomfort
and more stress urinary incontinence in the premenopausal compared with the
postmenopausal RRSO group. While these findings were statistically significant,
they concerned relatively small differences and their clinical relevance is debatable.
We did not observe differences in HRQOL or fear of cancer between the pre- and
postmenopausal RRSO groups. Remarkably, in none of the studies presented in
this thesis we observed differences in our outcomes of interest according to timing
of premenopausal RRSO (RRSO<41 years vs RRSO 41-45 years). Overall, these are
reassuring messages for women undergoing premenopausal RRSO and health care
professionals involved in counseling these women.
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Het onderzoek gepresenteerd in dit proefschrift had als doel de lange-termijn gezond-
heidseffecten te evalueren van het preventief verwijderen van beide eierstokken en
eileiders (een profylactische bilaterale salpingo-oéforectomie ofwel PBSO) bij vrouwen
met een verhoogd familiair risico op borst en/of eierstokkanker. Wij onderzochten
de lange-termijn effecten van premenopauzale PBSO op hart- en vaatziekten,
botdichtheid, kwaliteit van leven, seksueel functioneren en urine incontinentie. Alle
hoofdstukken in dit proefschrift zijn beschrijvingen van de resultaten van de “Health
After Early Menopause Due to Oophorectomy” (HARMOny) studie. In deze studie
hebben we een vergelijking gemaakt tussen 500 vrouwen met een verhoogd familiair
risico op borst en/of eierstokkanker die een PBSO hebben ondergaan vo6r de menopauze
(premenopauzale PBSO < 45 jaar) en 240 vrouwen met een vergelijkbaar familiair risico
die een PBSO na de menopauze (postmenopauzale PBSO >54 jaar) hebben ondergaan.
Om mee te kunnen doen moesten vrouwen minstens 55 jaar oud zijn, waardoor de
metingen in dit onderzoek minstens 10 jaar na de premenopauzale PBSO gedaan zijn.
Hieronder volgt een samenvatting van de resultaten van dit proefschrift.

Vrouwelijke BRCA1 en BRCA2 mutatie draagsters hebben een sterk verhoogd risico
op eierstokkanker; de kans om in de loop van het leven eierstokkanker te krijgen
bedraagt respectievelijk 44% en 17%. Uit wetenschappelijke studies blijkt dat het bij
deze vrouwen niet goed mogelijk is om eierstokkanker te voorkomen door periodieke
controles in het ziekenhuis. Daarom worden vrouwen met een verhoogd familiair
risico op eierstokkanker geadviseerd om een PBSO te ondergaan na het krijgen van
kinderen (bij een kinderwens) op een leeftijd van 35-40 jaar voor BRCA1 mutatie
draagsters en op een leeftijd van 40-45 jaar voor BRCA2 mutatie draagsters. Alhoewel
deze operatie zeer effectief is in het voorkémen van eierstokkanker, leidt het wel
tot een acute menopauze, wat een grote impact kan hebben op deze vrouwen. De
gemiddelde leeftijd waarop Nederlandse vrouwen in de menopauze komen is 50 tot
52 jaar, maar na een premenopauzale PBSO komen vrouwen vele jaren eerder en
plotseling in een vroege operatieve menopauze doordat de eierstokken die oestrogeen
produceren zijn verwijderd.

Eerdere studies suggereren dat vrouwen met een natuurlijke vroege menopauze (<45
jaar) een verhoogd risico hebben op hart- en vaatziekten, verminderde botdichtheid,
seksuele klachten, urine incontinentie en verminderde kwaliteit van leven. Echter,
de uitkomsten van deze studies zijn niet consistent en het is niet bekend of deze
gezondheidsproblemen ook spelen na een operatieve menopauze. Het mechanisme
van ontstaan is immers totaal anders: natuurlijke menopauze is een langzaam proces
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van afnemende productie van oestrogeen, terwijl deze oestrogeen productie door de
eierstokken bij een operatieve menopauze acuut stopt. Daarnaast hebben de beperkte
studies die gedaan zijn bij vrouwen met een operatieve menopauze met name gekeken
naar de korte termijn gevolgen, en in veel mindere mate naar de lange-termijn effecten.
Het doel van dit proefschrift is om duidelijkheid te verschaffen over eventuele lange-
termijn effecten van een premenopauzale PBSO voor zowel vrouwen die deze operatie
(hebben of overwegen te) ondergaan, als zorgverleners die hen begeleiden in dit traject.

In Hoofdstuk 2 hebben we de lange-termijn effecten van de timing van PBSO
onderzocht op aderverkalking van de kransslagaders. De hoeveelheid kalkafzetting
(aderverkalking) van de kransslagaders (Coronary Artery Calcium) is een goede
voorspeller voor het risico op toekomstige hart- en vaatziekten en wordt gemeten met
een CT-scan van het hart. We vergeleken vrouwen met een premenopauzale PBSO zowel
met vrouwen met een postmenopauzale PBSO (allen uit de HARMOny studie) als met
een externe referentiegroep van vrouwen uit de Nederlandse algemene bevolking met
dezelfde leeftijd (ROBINSCA studie). Daarnaast hebben we gekeken wat de invloed
is van een vroege premenopauzale PBSO (<41 jaar) ten opzichte van een iets latere
premenopauzale PBSO (41-45 jaar) op de mate van aderverkalking van de kransslagaders.
Eenentwintig jaar na de PBSO vonden we geen verschil in de aderverkalking van de
kransslagaders vrouwen met een premenopauzale PBSO vergeleken met vrouwen
met een postmenopauzale PBSO of vrouwen. Er was ook geen verschil met vrouwen
in de algemene bevolking. Daarnaast vonden we ook geen invloed van de timing van
premenopauzale PBSO (vroeg vergeleken met laat) op het ontstaan van aderverkalking
van de kransslagaders. Concluderend, in Hoofdstuk 2 vonden we geen nadelig effect van

een vroege menopauze ontstaan door operatie aan de eierstokken en eileiders op het
ontstaan van aderverkalking van de kransslagaders. We verwachten daarom dat er geen
nadelig effect is op de ontwikkeling van hart- en vaatziekten in de toekomst.

In Hoofdstuk 3 onderzochten we de lange-termijn effecten van een premenopauzale
PBSO op de vaatstijfheid, een andere voorspeller van de kans op toekomstige hart-
en vaatziekten. We hebben deze bij de studiedeelneemsters gemeten door de Pulse
Wave Velocity (PWV) van de grote lichaamsslagader te meten met een arteriograaf.
Daarnaast hebben we gekeken of er een verband bestaat tussen aderverkalking van
de kransslagaders en vaatstijtheid van de grote lichaamsslagader bij vrouwen met
een premenopauzale PBSO. We vonden geen verschil in vaatstijtheid tussen vrouwen
met een premenopauzale PBSO en vrouwen met een postmenopauzale PBSO. Onder
de vrouwen met een premenopauzale PBSO vonden we dat met het stijver worden
van de vaatwand van de grote lichaamsslagader, ook de kans op aderverkalking van
de kransslagaders toenam.
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In Hoofdstuk 4 hebben we gekeken naar het lange-termijn effect van een
premenopauzale PBSO op de botdichtheid. Hiervoor werd bij alle de studiedeel-
neemsters een botdichtheidsscan gemaakt. Vrouwen die een premenopauzale PBSO
hadden ondergaan bleken 18 jaar later een, voor hun leeftijd, lagere botdichtheid
te hebben dan vrouwen met een postmenopauzale PBSO (2.35 keer zo vaak een
significant lagere botdichtheid dan vrouwen van hun leeftijd). We vonden echter
geen verschil tussen de premenopauzale en postmenopauzale PBSO groep in het
voorkomen osteopenie en osteoporose op de lange-termijn (respectievelijk 70.4%
en 67.3%). Dit is belangrijk omdat het bestaan van osteopenie en osteoporose
een reden is om te starten met eventuele medicamenteuze behandelingen om de
botdichtheid te verbeteren. In deze studie vonden we geen invloed van de timing van
de premenopauzale PBSO (<41 jaar versus 41-45 jaar) op de botdichtheid.

In Hoofdstuk 5 hebben we een overzicht gegeven van alle uitkomsten van de
HARMOny studie. Daarnaast hebben we onderzocht of er een lange-termijn effect is
van een premenopauzale PBSO op kwaliteit van leven en zorgen over kanker. Hiervoor
hebben we gebruik gemaakt van de 36-Item Short Form Health Survey en de Cancer
Worry Scale. Vrouwen met een premenopauzale PBSO rapporteerden even goede
fysieke en mentale kwaliteit van leven als vrouwen die een postmenopauzale PBSO
hadden ondergaan. We vonden ook geen verschil tussen de pre- en postmenopauzale
PBSO groep in de zorgen over het krijgen van kanker (51.8% versus 50.0%).

In Hoofdstuk 6 onderzochten we de lange-termijn effecten van een premenopauzale
PBSO op seksueel functioneren. Hiervoor hebben we gebruik gemaakt van de Sexual
Activity Questionnaire. Vrouwen in de premenopauzale PBSO groep waren even vaak
seksueel actief als vrouwen van dezelfde leeftijd in de postmenopauzale PBSO groep.
Dit percentage van 48% is ook vergelijkbaar met de algehele bevolking. Vijftien jaar
na de PBSO vonden we geen verschil in het gerapporteerde plezier in seks tussen
de premenopauzale en postmenopauzale PBSO groep. Daarentegen gaven vrouwen
in de premenopauzale PBSO groep wel meer klachten aan van seksueel ongemak,
voornamelijk als gevolg van meer vaginale droogheid. Deze schijnbare tegenstilling
zou verklaard kunnen worden door het feit dat seksueel plezier ook beinvloedt kan
worden door niet penetrerende seks.

In Hoofdstuk 7 onderzochten we de effecten van premenopauzale PBSO op het
voorkomen van urine incontinentie. Vrouwen met een premenopauzale PBSO
hadden een mild en niet statistisch significant verhoogd risico op het voorkomen
van incontinentie voor urine. We vonden dat vrouwen met een premenopauzale
PBSO een 3.5 keer groter risico hadden op stress incontinentie (urine verlies bij
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druk verhogende momenten zoals hoesten of lachen) vergeleken met vrouwen
met een postmenopauzale PBSO. We vonden daarentegen geen verschil in risico
op aandrang incontinentie, urine verlies bij een zeer volle blaas, tussen de pre- en
postmenopauzale PBSO groep. Dit was een onverwachte bevinding aangezien we op
basis van eerder onderzoek weten dat de natuurlijke menopauze meer invloed heeft
op aandrang incontinentie dan op stress incontinentie.

Dit proefschrift geeft inzicht in diverse lange-termijn gevolgen van een premeno-
pauzale PBSO. Eerdere studies waren voornamelijk gefocust op de korte termijn,
of gebruikten alleen controle groepen met vrouwen uit de algehele populatie.
Samenvattend vonden we geen aanwijzingen voor een mogelijk verhoogd risico op
hart- en vaatziekten in de premenopauzale vergeleken met de postmenopauzale PBSO
groep. Hoewel vrouwen die een premenopauzale PBSO hadden ondergaan een lagere
botdichtheid hadden, vonden we geen verhoogd risico op osteopenie en osteoporose
vergeleken met de postmenopauzale PBSO groep. Ondanks dat vrouwen in de
premenopauzale PBSO groep vaker vaginale droogheid en seksueel ongemak ervoeren
vergeleken met de postmenopauzale PBSO groep, was er geen verschil in plezier in
seks. Vrouwen met een premenopauzale PBSO rapporteerden meer klachten van
stress urine incontinentie vergeleken met vrouwen met een postmenopauzale PBSO,
deze verschillen waren daarentegen relatief klein en of deze in de klinisch praktijk veel
invloed hebben is de vraag. We vonden geen verschil in aandrang incontinentie tussen
de pre- en postmenopauzale PBSO groep. Daarnaast vonden we ook geen verschil in
gezondheid gerelateerde kwaliteit van leven of angst om kanker te krijgen tussen beide
groepen. In geen van de studies beschreven in dit proefschrift vonden we bewijs dat

vrouwen met een vroege premenopauzale PBSO (<41 jaar) andere uitkomsten hadden
dan vrouwen met een iets latere premenopauzale PBSO (41-45 jaar). Concluderend
zijn de uitkomsten van ons onderzoek grotendeels geruststellend, zowel voor vrouwen
die deze ingrijpende operatie op jonge leeftijd (nog moeten of al hebben) ondergaan,
als voor de zorgverleners die deze vrouwen informeren in het traject voor en na het
preventief verwijderen van de eierstokken en eileiders.
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Research Data Management paragraph

Ethics and privacy

All chapters in this thesis are based on the HARMOny study which involved human
participants. The HARMOny study was conducted according to the standards of
Good Clinical Practice, in agreement with the principles of the Declaration of
Helsinki and with the Dutch law as stated in the Medical Research Involving
Human Subjects Act (WMO). The study was approved in writing by the
Institutional Review Board of the AVL/NKI to be conducted in all nine University
Medical Centers and the Antoni van Leeuwenhoek. Privacy of the participants was
warranted by the use of pseudonymization. The pseudonymization key was stored
on a secured network drive that was only accessible to members of the project who
needed access to it because of their role within the project. The pseudonymization
key was stored separately from the research data. All participants included in the
HARMOny study signed informed consent. Participants were also asked for consent
for reuse of their data outside the HARMOny study.

Data collection and storage

Data for all chapters was obtained using Exploratio and ALEA for secured online
questionnaires and from the Electronic Health Records of the participants in the
participating hospitals. Raw data was stored and analyzed on the department
server only accessible by project members working at the NKI. Processed data and
documentation concerning research protocol and readme file are stored on the
department server only accessible by project members working at the NKI. These
secure storage options safeguard the availability, integrity and confidentiality of
the data.

Data sharing according to FAIR principles

The NKI repository was used for long-term archiving and publishing (https://
repository.nki.nl/, dataset not yet uploaded) with restricted access. With publication,
de-identified data collected for the study, including participant data, will be
made available upon signing a Data Use Agreement, only of participants that agreed
to have their data shared with other (non-commercial) parties on the signed informed
consent. Data were made reusable by adding sufficient documentation (research
protocol and read me file).
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Dankwoord

Graag wil ik alle studiedeelneemsters danken voor het vrijwillig deelnemen aan
de HARMOny studie. Tijdens het onderzoek bleken velen van u bereid om een dag
vrij te nemen en (midden in een pandemie) naar het ziekenhuis te komen voor de
verschillende metingen, en daarnaast openhartig te vertellen over uw privéleven.
Zonder u was het niet mogelijk geweest om vrouwen die in de toekomst met
dezelfde moeilijke keuzes geconfronteerd worden, beter te kunnen informeren over
de eventuele consequenties van hun beslissing. Daarnaast wil ik graag Hart voor
Vrouwen, de Maarten van der Weijden Foundation en het KWF bedanken voor het
mogelijk maken van dit proefschrift.

De afgelopen jaren heb ik met veel plezier samengewerkt met een grote groep
mensen, zonder wie het realiseren van dit proefschrift niet mogelijk was geweest —
daarvoor veel dank! Graag wil ik een aantal mensen in het bijzonder bedanken:

Angela, als promotor heb ik van je geleerd om recht door zee te zijn en dat het
belangrijk is om dicht bij je idealen te blijven. Bedankt voor alle wijze lessen en het
altijd vlotte reageren op mijn vragen. Ook als dokter heb ik veel van je kunnen leren
tijdens de wekelijkse supervisie over deelneemsters met verhoogde kalkscores.

Floor, als promotor en dagelijks begeleider wil ik je bedanken voor je aanstekelijke
optimisme en enthousiasme. Als ik tijdens ons wekelijkse overleg er weleens een hard
hoofd in had of twijfelde of iets goed zou komen, kwam jij altijd met een oplossing
en had je vaak een vooruitziende blik. Ik heb veel van je geleerd over alle facetten van
onderzoek doen, van methodologie tot people management.

Maartje, als mijn copromotor wil ik je bedanken voor al je wijze raad. Ik kwam met
veel plezier elke donderdag naar het Erasmus MC, en het was altijd fijn om met je te
overleggen tijdens de maandelijkse HARMOny-vergadering.

Annette, dankjewel voor de fijne samenwerking en het altijd tot in detail uitpluizen
van mijn stukken, met name ook de tabellen en figuren! Daarnaast wil ik je bedanken
voor je hulp met STATA, waar ik veel aan heb gehad.

Sandra, we hebben samen met Lara nauw samengewerkt om ons grote doel te
bereiken: 750 deelneemsters aan de HARMOny-studie! Dankzij jouw nauwkeurigheid
en geduld is het uiteindelijk gelukt om dit voor elkaar te krijgen, ook al brak ik mijn
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voet en moest je 70 deelneemsters telefonisch afzeggen en opnieuw inplannen.
Dankjewel voor je humor en gezelligheid.

Lara, toen ik in 2020 startte met dit promotietraject had ik de mazzel dat ik in een
gespreid bedje terechtkwam, aangezien jij als mede PhD-kandidaat ons project al tot
in de puntjes had voorbereid. Daarnaast kreeg je het voor elkaar om met de METC en
de academische ziekenhuizen door te kunnen includeren ondanks COVID. Als collega
kon ik altijd bij je terecht met veel vragen — over inclusies, maar ook later tijdens het
analyseren en schrijven. Dankjewel voor de fijne samenwerking.

Graag wil ik de leden van de leescommissie, prof. dr. AW. Nap, prof. dr. Y.T. van
der Schouw en prof. dr. H.F. de Leeuw, bedanken voor het lezen en beoordelen van
mijn proefschrift.

Hierbij wil ik ook alle betrokken artsen, verpleegkundigen, laboranten en poli-
medewerkers in de verschillende centra bedanken voor alle hulp bij het plannen en
uitvoeren van de studiebezoeken. Daarnaast wil ik graag alle coauteurs bedanken
voor het meedenken en schrijven van de hoofdstukken van dit proefschrift. Mijn
bijzondere dank gaat uit naar prof. dr. Carola Zillikens, prof. dr. Jeanine Roeters-van
Lennep, prof. dr. Eveline Bleiker, prof. dr. Marian Mourits, dr. Anniek Stuursma en
dr. Michael Schaapveld.

Graag wil ik alle collega’s van het NKI bedanken — om te beginnen mijn kamergenoten
Suzanne, Yvonne, Lara en Afke. Daarnaast wil ik ook alle naaste collega’s van de
epidemiologie, Eline, Jonathan, Shaheen, Linske, Henriette en Adinda bedanken, en
alle andere collega’s van de PSOE.

Paranimfen Freek en mijn zus Rosalie, veel dank dat jullie — buiten het luiers
verschonen om — ook nog tijd hebben gevonden om me bij te staan bij de verdediging.
Mooi om deze bijzondere dag samen te kunnen beleven.

Mijn zus en broer, Rosalie en Steijn, bedankt voor alle steun (en sinterklaasgedichten)
de afgelopen jaren. Heel fijn om af en toe met jullie, als collega-onderzoekers, te
kunnen praten over alle ups en downs van onderzoek doen.

Mijn ouders, mam en pap, bedankt voor het zo vaak met me meedenken over
belangrijke keuzes in mijn leven, onder andere de beslissing om op deze promotieplek
te solliciteren. Heel mooi hoe betrokken jullie zijn geweest; het is heel fijn dat ik altijd
bij jullie terechtkan, zowel in goede als in minder goede tijden.
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Lieve Zahra, het is een heel fijn gevoel als iemand met je meeleeft zoals jij dat kunt.
Dat was zeker ook het geval bij het schrijven van dit proefschrift. Dankjewel voor het
aanhoren van al mijn hersenspinsels en je positivisme. Parallel aan deze promotie
hebben we samen een mooi leven opgebouwd dat me de steun en rust heeft gegeven
om dit proefschrift uiteindelijk af te kunnen maken.
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PhD portfolio

Department: Cardiology

PhD period: 1-4-2020 t/m 1-6-2024

PhD Supervisor(s): Prof. A.H.E.M. Maas, Prof. Ir. F.E. van Leeuwen

PhD Co-supervisor(s): Dr. M.]. Hooning
Training activities Hours
Courses
« Radboudumc - Introduction day (2020) 6.00
« RIHS - Introduction course for PhD candidates (2020) 15.00
« RIHS introductory course (2020) 21.00
«  Basic oncology course (2020) 84.00
«  Radboudumc - Scientific integrity (2021) 20.00
« Klinimetrie (2021) 84.00
«  OOA ethics and integrity course 56.00
» Logistic Regression (2022) 40.00
« Attending patient consultations (2020-2023) 56.00
«  English writing course (2023) 84.00
Seminars
«  Scientific Meeting of the Medical Oncology Department Erasmus MC, 7.00

oral presentation (2023)

« Staff meeting NKI-AvL, oral presentation (2024) 7.00
Conferences
- EMAS virtual meeting (2020) 12.00
« EMAS congress, oral presentation (2023) 56.00
- Hebon congress 2023, oral presentation (2023) 56.00
Other
«  EBROK (2021) 12.00
« OOA retreat (2022) 56.00
« RIHS retreat (2022) 56.00
« OOA retreat (2023) 56.00
«  PSOE department meeting NKI (2024) 112.00
. Epidemiology journal club (2024) 112.00

Teaching activities N/A

Total 998.00
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About the author

Maarten was born on November 8, 1991, in Amstelveen. He graduated from Comenius
College in Hilversum in 2009 and began studying Econometrics and Operational
Research at Vrije Universiteit Amsterdam. In 2011, he switched to Medicine at the
University of Amsterdam. After obtaining his Master’s degree in Medicine in 2018,
Maarten started working as a Resident Internal Medicine (not formally in training)
at Flevoziekenhuis in Almere. In 2020, he began his PhD at the Department of
Psychosocial Research and Epidemiology (PSOE) at the Netherlands Cancer Institute
In 2024, he resumed working as a Resident Internal Medicine (not formally in
training) at Spaarne Gasthuis. In October 2025, Maarten will start as a Resident
Internal Medicine (in training) at Rode Kruis Ziekenhuis and Amsterdam University
Medical Center.
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