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ABSTRACT
ISS
BACKGROUND Premenopausal risk-reducing salpingo-oophorectomy (RRSO) in women at high familial risk

of ovarian cancer leads to immediate menopause. Although early natural menopause is associated with

increased cardiovascular disease risk, evidence on long-term cardiovascular disease risk after early surgical

menopause is scarce.

OBJECTIVES We sought 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 ¼ 733) nested in a nationwide cohort of women at high familial risk

of ovarian cancer. In women aged 60-70 years (n ¼ 328), we compared CAC scores between women with a premeno-

pausal RRSO (age #45 years) and women with a postmenopausal RRSO (age $54 years), using multivariable Poisson

analyses. Within the premenopausal RRSO group (n ¼ 498), we also examined the effect of age at RRSO. In addition, we

compared the premenopausal RRSO group with an external reference cohort (n ¼ 5,226).

RESULTS Multivariable analyses showed that the prevalence rates of any CAC (CAC >0), 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.

CONCLUSIONS Our results do not show a long-term adverse effect of surgical menopause on the development of

CAC. (JACC CardioOncol. 2024;6:922–931) © 2024 The Authors. Published by Elsevier on behalf of the American College

of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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AB BR EV I A T I O N S

AND ACRONYM S

BMI = body mass index

CAC = coronary artery calcium

GPV = germline pathogenic

variant

IHD = ischemic heart disease

IMC = internal mammary chain

MHT = menopausal hormone

therapy

POI = premature ovarian

insufficiency

RR = relative risk

RRSO = risk-reducing

salpingo-oophorectomy
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A vailable screening methods for early detec-
tion of ovarian cancer remain ineffective.1

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 af-
ter 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.2

Although RRSO reduces the risk of ovarian cancer by
96%, it also induces early surgical menopause.3,4

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.4 There is ample evidence that
early natural menopause increases the risk of car-
diovascular 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).5-8 This
increased risk is commonly attributed to the
decreased production of endogenous estrogens.9

However, whether cardiovascular disease risk is
similarly increased after surgical menopause has been
less frequently investigated, with inconsistent
results.5,6,10

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.11-15 In addition, a recent study showed that CAC
is an excellent predictor of cardiovascular disease in
asymptomatic postmenopausal women who experi-
enced an early natural menopause.16 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 (age #45 years) 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 (#45
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years) with women who underwent a post-
menopausal 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.

METHODS

STUDY COHORT. The HARMOny (Health Af-
ter eaRly Menopause Due to Oophorectomy)
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 (NCT03835793)

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).17 Women were recruited from the
HEBON (Hereditary Breast and Ovarian cancer study
Netherlands), a nationwide cohort of women at high
familial risk of breast and/or ovarian cancer recruited
from all 8 Dutch University Medical Centers and the
Netherlands Cancer Institute.18

Between 2018 and 2022, 1,207 women were invited
to participate in the study: 733 women who under-
went a premenopausal RRSO (age #45 years) and
were at least 55 years old at inclusion, and 474
women who underwent a postmenopausal RRSO
(age $54 years) (Figure 1). Exclusion criteria included
a history of ovarian cancer, age older than 80 years,
therapy-induced menopause more than 5 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 ROBINSCA
(Risk or Benefit in Screening for Cardiovascular Dis-
ease) study, which was recruited from the Dutch
general population in 3 different regions. Eligibility
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FIGURE 1 Flowchart of Participation in the HARMOny Study

The colors represent the 3 different statistical comparisons made: blue illustrates coronary artery calcium (CAC) scores of the HARMOny (Health After eaRly Menopause

Due to Oophorectomy) premenopausal risk-reducing salpingo-oophorectomy (RRSO) group vs the postmenopausal RRSO group (aged 60-70 years at the study visit);

grey shows CAC scores of the HARMOny early premenopausal RRSO group (age#41 years) vs the late premenopausal RRSO group (age 41-45 years); and pink compares

CAC scores of the premenopausal RRSO group from HARMOny eligible for the ROBINSCA (Risk or Benefit in Screening for Cardiovascular Disease) cohort vs the

ROBINSCA external reference cohort (aged 55-70 years at the study visit). This latter comparison is indicated by a dashed line.
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criteria required participants to have no history of
cardiovascular disease but at least 1 cardiovascular
disease risk factor.19 In the ROBINSCA study, CAC
scores and cardiovascular disease risk factors were
available for 5,226 women aged 55 to 70 years.

STUDY ASSESSMENTS. Participation in the HAR-
MOny study involved completing an extensive online
questionnaire and attending a clinical visit.17 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 sam-
pling, 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 car-
diovascular radiologists at the participating medical
centers using the standardized Agatston scoring
method, which is known for its excellent interscanner
and interrater reliability.20-22 Percentiles of the CAC
score were determined using the MESA (Multi-Ethnic
Study of Atherosclerosis) score.23,24 Blood samples
were taken to analyze non-fasting levels of lipids,
glucose, HbA1c, high-sensitivity C-reactive protein,
and high-sensitivity cardiac 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.25 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 the mean � SD for normally distributed
variables and as median with 25th-75th percentiles
(Q1-Q3) for skewed distribution. Categorical data
were presented as counts with percentages. Charac-
teristics of women in the premenopausal RRSO
(age #45 years) and postmenopausal RRSO (age $54
years) groups were compared using the independent
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samples t-test or Wilcoxon rank sum test for contin-
uous data, and the Fisher exact test or chi-square test
for categorical data. A 2-sided P value of <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
(age #45 years) and postmenopausal RRSO (age $54
years) groups on age at the study visit.17 However,
during the inclusion period, we observed a substan-
tial age difference (median 10.1 years) between the 2
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 pre-
menopausal RRSO.2 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 (age #41 years) and
those who had a late premenopausal RRSO (age 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% CIs for various CAC score
cutoff points using multivariable Poisson regression
analysis. 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 anti-
diabetic medication for type 1 or 2 diabetes), hyper-
tension (defined as the use of antihypertensive
medication, a systolic blood pressure >140 mm Hg, or
a diastolic blood pressure >90 mm Hg), and dyslipi-
demia (defined as the use of lipid-lowering medica-
tion 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 software
(StataCorp).

RESULTS

Participant characteristics of the entire HARMOny
study population are provided in Supplemental
Table 1.

PARTICIPANT CHARACTERISTICS OF WOMEN AGED

60 TO 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
[age #45 years] and 121 in the postmenopausal RRSO
group [age $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 post-
menopausal 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%).

PARTICIPANT CHARACTERISTICS OF WOMEN WITH

A PREMENOPAUSAL RRSO. Within the entire pre-
menopausal group (n ¼ 498), we compared women
who had an early premenopausal RRSO (age #41
years) (n ¼ 159) with those who had a late premeno-
pausal RRSO (age 41-45 years) (n ¼ 339). Compared
with the late premenopausal RRSO group, women in
the early premenopausal RRSO group were signifi-
cantly 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%).

CAC SCORES AFTER PREMENOPAUSAL VS

POSTMENOPAUSAL RRSO IN WOMEN AGED 60 TO 70

YEARS AT STUDY VISIT. Univariable analyses showed a
higher prevalence of increased CAC scores in the
postmenopausal RRSO (age $54 years) group
compared with the premenopausal RRSO (age #45
years) group. For instance, severe CAC (CAC >400)
was observed in 13.2% vs 5.3% of women, respec-
tively. 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 dysli-
pidemia, there was no statistically significant differ-
ence in CAC scores between the premenopausal and
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TABLE 1 Participant Characteristics

Age 60-70 y at Study Visit (n ¼ 328a) Premenopausal RRSO (n ¼ 498a)

Premenopausal RRSO,
Age #45 y
(n ¼ 207)

Postmenopausal RRSO,
Age $54 y
(n ¼ 121) P Value

Early Premenopausal RRSO,
Age #41 y
(n ¼ 159)

Late Premenopausal RRSO,
Age 41-45 y
(n ¼ 339) P Value

Age at study visit, y 62.4 (61.0-64.4) 67.2 (65.6-68.5) <0.001 58.8 (57.2-61.6) 59.0 (57.8-62.3) 0.033

Time since RRSO, y 21.0 (18.3-23.3) 10.7 (9.6-11.9) <0.001 20.9 (19.1-23.3) 16.6 (14.3-19.5) <0.001

Age at menopause, y 42.0 (40.0-44.0) 51.0 (50.0-54.0) <0.001 39.0 (37.0-40.0) 43.0 (42.0-44.0) <0.001

BRCA GPV carrier status <0.001 <0.001

BRCA1 106 (51.2) 36 (29.8) 96 (60.4) 144 (42.5)

BRCA2 37 (17.9) 44 (36.4) 23 (14.5) 73 (21.5)

Noncarrier 64 (30.9) 41 (33.9) 40 (25.2) 122 (36.0)

MHT use 61 (29.5) 8 (6.6) <0.001 74 (46.5) 68 (20.1) <0.001

Breast cancer history 126 (60.9) 71 (58.7) 0.70 81 (50.9) 217 (64.0) 0.006

Chemotherapy 90 (43.5) 45 (37.2) 0.26 57 (37.1) 170 (50.2) 0.006

IMC radiotherapy 18 (8.7) 3 (2.5) 0.024 11 (6.9) 31 (9.1) 0.47

Endocrine therapy 41 (19.8) 26 (21.5) 0.72 19 (12.0) 97 (28.6) <0.001

Smoking 0.16 0.77

Current smoker 18 (8.7) 6 (5.0) 15 (9.4) 34 (10.0)

Former smoker 108 (52.2) 56 (46.3) 62 (39.0) 142 (41.9)

Never 81 (39.1) 59 (48.8) 82 (51.6) 163 (48.1)

Alcohol >2 drinks daily 100 (48.3) 60 (49.6) 0.82 81 (50.9) 187 (55.2) 0.38

Family member with MIb 71 (34.3) 40 (33.1) 0.84 42 (26.4) 117 (34.5) 0.068

BMI, kg/m2 25.1 (22.7-28.8) 25.3 (23.2-28.7) 0.97 24.5 (22.5-29.1) 25.5 (22.8-29.0) 0.31

Systolic blood pressure, mm Hg 135.8 (17.6) 143.7 (15.9) <0.001 132.7 (17.4) 134.1 (17.2) 0.40

Diastolic blood pressure, mm Hg 77.5 (12.1) 81.0 (11.5) 0.011 76.4 (11.5) 77.7 (12.3) 0.24

Total cholesterol, mmol/L 5.6 (1.1) 5.6 (1.4) 0.72 5.6 (1.1) 5.6 (1.0) 0.61

LDL cholesterol, mmol/L 3.3 (1.0) 3.4 (1.2) 0.47 3.3 (0.9) 3.3 (0.9) 0.99

HDL cholesterol, mmol/L 1.8 (0.4) 1.8 (0.6) 0.70 1.7 (0.6) 1.7 (0.4) 0.93

Antihypertensive medication 57 (27.5) 22.3% 0.30 32 (20.1) 65 (19.2) 0.80

Lipid-lowering medication 37 (17.9) 23 (19.0) 0.80 18 (11.3) 41 (12.1) 0.80

Diabetes mellitus, any type 20 (9.7) 10 (8.3) 0.66 9 (5.7) 25 (7.4) 0.47

Hypertensionc 110 (53.1) 79 (65.3) 0.031 66 (41.5) 155 (45.7) 0.38

Dyslipidemiad 81 (39.1) 59 (48.8) 0.090 61 (38.4) 120 (35.4) 0.52

MESA 10-y CHD riske 2.6 (1.6-6.6) 3.8 (1.9-7.4) 0.036 2.1 (1.3-4.7) 2.2 (1.5-4.9) 0.26

CAC score 1 (0-74) 13 (0-136) 0.088 0 (0-28) 0 (0-39) 0.26

CAC >0 107 (51.7) 71 (58.7) 0.22 65 (40.9) 155 (45.7) 0.31

CAC >100 40 (19.3) 32 (26.5) 0.13 17 (10.7) 54 (15.9) 0.12

CAC >400 11 (5.3) 16 (13.2) 0.015 6 (3.8) 16 (4.7) 0.63

MESA score 57 (0-80) 58 (0-80) 0.65 0 (0-77) 0 (0-81) 0.30

MESA >75% 65 (31.4) 34 (28.1) 0.53 46 (28.9) 103 (30.4) 0.74

Values are median (Q1-Q3), n (%). Values that are mean � SD have their respective measure units described directly after the variable (eg, total cholesterol, mmol/L). The variables are: BMI,
systolic blood pressure, diastolic blood pressure, total cholesterol, LDL cholesterol and HDL cholesterol. The P value was calculated using independent samples t test, chi-square test, and
Wilcoxon rank sum test. aSee Figure 1. bMyocardial infarction (MI) first- or second-degree family member before the age of 65 years. cHypertension defined as either the use of antihy-
pertensive medication, a systolic blood pressure >140 mm Hg, or a diastolic blood pressure >90 mm Hg. dDyslipidemia defined as either the use of lipid lowering medication or low-density
lipoprotein (LDL) cholesterol >4.0 mmol/L. eMESA (Multi-Ethnic Study of Atherosclerosis) estimated 10-year risk of coronary heart disease (CHD) event, including coronary artery calcium
(CAC) score.

BMI ¼ body mass index; GPV ¼ pathogenic variant; HDL ¼ high-density lipoprotein; IMC ¼ internal mammary chain; MHT ¼ menopausal hormone therapy; RRSO ¼ risk-reducing salpingo-
oophorectomy.
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postmenopausal RRSO groups among women aged 60
to 70 years (Table 2, Central Illustration). The preva-
lence 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: 0.83-1.37 for any CAC; RR: 0.89; 95% CI:
0.52-1.52 for CAC >100; RR: 0.61; 95% CI: 0.21-1.74 for
CAC >400). The prevalence rates of participants with
a MESA percentile score above 75% were also com-
parable in both groups (RR: 1.13; 95% CI: 0.72-1.80).

Participants with hypertension and/or dyslipide-
mia 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 S2).

https://doi.org/10.1016/j.jaccao.2024.09.011


TABLE 2 RRs of Increased CAC Scores According to Timing of RRSO in Women Aged 60-70 Years

CAC >0a CAC >100a CAC >400a MESA >75%b

Timing of RRSO

Postmenopausal RRSO, age $54 y 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Premenopausal RRSO, age #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)

Values are adjusted relative risk (95% CI). aRisk of having any, moderate, severe CAC. Relative risks (RRs) were multivariably adjusted for age, hypertension, dyslipidemia, and
timing of RRSO. bRisk of having a MESA score above 75%. Relative risk (RRs) were multivariably adjusted for hypertension, dyslipidemia, and timing of RRSO.

Abbreviations as in Table 1.
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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 premeno-
pausal 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 2 groups (RR: 0.96; 95% CI: 0.72-1.28). Partici-
pants 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 ana-
lyses did not affect the results.

SENSITIVITY ANALYSES. Sensitivity analyses con-
ducted in women with and without MHT use
(Supplemental Tables 2 to 4) and in women with and
without breast cancer (Supplemental Tables 5 and 6)
yielded similar results.

CAC SCORES IN THE PREMENOPAUSAL RRSO GROUP

COMPAREDWITH AN EXTERNAL REFERENCE COHORT. In
total, 270 women in the premenopausal RRSO
(age #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 ¼ 5,226). Other
measured cardiovascular disease risk factors were
comparable between the 2 groups.

The prevalence rates of increased CAC scores were
comparable between the 2 groups for any CAC, CAC
>100, and CAC >400. Multivariable Poisson analyses
showed no significant differences between the pre-
menopausal RRSO group and the ROBINSCA
reference group for the different CAC outcomes (an-
alyses 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.

DISCUSSION

Twenty-one years after surgical menopause, we did
not observe increased CAC scores in women who
underwent a premenopausal RRSO (age #45 years),
either when compared with women who underwent
postmenopausal RRSO (age $54 years) or with an
external reference population. Furthermore, an early
premenopausal RRSO (age #41 years), compared with
a late premenopausal RRSO (age 41-45 years), was not
associated with increased CAC scores.

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 confound-
ing by indication for surgical menopause.5,6,10,26 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.27,28

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,29 which found no association
between time since RRSO and other measures of
subclinical atherosclerosis, including pulse wave ve-
locity and carotid intima thickness, in a cohort of
women BRCA1/2 GPV carriers. Although surgical
menopause does not appear to be associated with

https://doi.org/10.1016/j.jaccao.2024.09.011
https://doi.org/10.1016/j.jaccao.2024.09.011
https://doi.org/10.1016/j.jaccao.2024.09.011
https://doi.org/10.1016/j.jaccao.2024.09.011
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Relative risks of increased coronary artery calcium (CAC) scores according to the timing of risk-reducing salpingo-oophorectomy (RRSO) and

other risk factors are shown. After a median follow-up of 21.0 years, women who underwent premenopausal RRSO did not have an elevated

risk of increased CAC scores, adjusted for age, hypertension ,and dyslipidemia, when compared with women who underwent postmenopausal

RRSO or to the general population. Hypertension and dyslipidemia were independent risk factors for increased CAC scores.

HARMOny ¼ Health After eaRly Menopause Due to Oophorectomy.
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CAC, this does not entirely rule out the possibility of
increased cardiovascular disease risk through other
(less likely) pathways. Two recent studies also
showed 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 dif-
ferences in subclinical atherosclerosis.30-32

By contrast, 2 recent large meta-analyses convinc-
ingly showed increased cardiovascular disease risk
after early natural menopause.7,8 Interestingly, a
study by Krul et al33 showed no increase in
cardiovascular disease risk after early iatrogenic
menopause caused by chemotherapy-induced POI in
Hodgkin lymphoma survivors. This supports our hy-
pothesis 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 accel-
erated vascular aging, leading to a statistical
(noncausal) association between early natural meno-
pause and increased cardiovascular disease risk.34



TABLE 3 RRs of Increased CAC Scores According to Timing of RRSO in Women With a Premenopausal RRSO

CAC >0a CAC >100a CAC >400a MESA >75%b

Timing of RRSO

Late premenopausal RRSO, age 41-45 y 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Early premenopausal RRSO, age <41 y 0.93 (0.75-1.15) 0.71 (0.43-1.17) 0.81 (0.34-2.13) 0.96 (0.72-1.28)

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)

Values are adjusted relative risk (95% CI). aRisk of having any, moderate, or severe CAC. RRs were multivariably adjusted for age, hypertension, dyslipidemia, and timing of
RRSO. bRisk of having a MESA score above 75%. RRs were multivariably adjusted for hypertension, dyslipidemia, and timing of RRSO.

Abbreviations as in Tables 1 and 2.
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It has been suggested that MHT may protect
women against IHD after surgical menopause before
the age of 45 years.26-33,35 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 to 4
and 8 to 10), and MHT use was not a confounder in
our analyses.

STRENGTHS AND LIMITATIONS. The strengths of our
nationwide study include the large sample size,
which provided sufficient power for subgroup ana-
lyses, the long-term follow-up after premenopausal
RRSO (age #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 premeno-
pausal 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
TABLE 4 RRs of Increased CAC Scores in the Premenopausal RRSO G

CAC >0a

Timing of RRSO

ROBINSCA, age 55-70 y 1.00 (Ref)

Premenopausal RRSO, age #45 y 1.05 (0.92-1.21)

Antihypertensive medication 1.18 (1.11-1.26)

Lipid-lowering medication 1.48 (1.37-1.59)

Values are adjusted relative risk (95% CI). aRisk of having any, moderate, or severe CAC.
medication, and timing of RRSO.

ROBINSCA ¼ Risk or Benefit in Screening for Cardiovascular Disease study; other abbr
surgery before reaching menopause.2 Consequently,
our study took advantage of a window of opportunity
to recruit a large group of women who had undergone
postmenopausal RRSO (age $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.11-14 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
years).16

A limitation of our study is the age difference be-
tween the premenopausal RRSO (age #45 years) and
postmenopausal RRSO (age $54 years) groups in the
entire study population. However, we addressed this
limitation by restricting our analysis to women aged
60 to 70 years at study enrollment. In addition, we
used the entire premenopausal RRSO group to assess
the association between timing of a premenopausal
RRSO (age #41 years vs 41-45 years) and cardiovas-
cular disease risk. Moreover, we had the unique op-
portunity 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.
roup Compared With the ROBINSCA Cohort

CAC >100a CAC >400a

1.00 (Ref) 1.00 (Ref)

1.11 (0.80-1.53) 1.05 (0.50-2.20)

1.43 (1.23-1.67) 1.92 (1.41-2.61)

2.12 (1.76-2.55) 2.61 (1.77-3.85)

RRs were multivariably adjusted for age, antihypertensive medication, lipid-lowering

eviations as in Tables 1 and 2.

https://doi.org/10.1016/j.jaccao.2024.09.011
https://doi.org/10.1016/j.jaccao.2024.09.011


PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Women at high familial risk for ovarian cancer are

recommended to undergo premenopausal RRSO to

prevent ovarian cancer. However, data on long-term

cardiovascular disease risk after surgical menopause

are limited. The current study shows no long-term

adverse effect of surgical menopause on the devel-

opment of CAC. These results provide important and

reassuring information for patients and health pro-

fessionals involved in elective bilateral oophorectomy.

TRANSLATIONAL OUTLOOK: This study adds

solid data to the growing body of evidence that sur-

gical menopause does not increase markers of car-

diovascular disease risk in women, in contrast to the

available literature on early natural menopause.

Further research to better understand these differ-

ences could provide more insight into the influence of

menopause on cardiovascular disease risk.
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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.18 Only 1.9% of these
women died from a cardiovascular event, whereas the
most frequent cause of death was cancer (87.6%).

Selection bias may also have occurred due to dif-
ferences in response rates between the premeno-
pausal (68.0%) and postmenopausal groups (50.8%).
We addressed this potential bias by using previously
collected data from questionnaire surveys completed
for the HEBON study.18 In these questionnaires, cur-
rent nonresponders in the postmenopausal RRSO
group did not report a lower or higher prevalence of
cardiovascular disease than responders.

CONCLUSIONS

This study does not support a long-term adverse ef-
fect 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 treat-
ment. Future studies should examine the risk of
clinical cardiovascular disease after iatrogenic
menopause.
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