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ABSTRACT

Background: BRCA1/2 mutation carriers are generally exposed to early menopause due to risk-reducing
salpingo-oophorectomy (RRSO) around the age of 40 years. This risk-reducing intervention is based on
a 10-40% life-time risk of ovarian cancer in this population. Although effective, premature and acute
menopause induces non-cancer related morbidity in both the short and long term. Little is known about
the impact of RRSO on the cardiovascular system.

Methods: This cross-sectional study explored the relationship between time since RRSO and signs of sub-
clinical atherosclerosis, as measured by carotid intima-media thickness (CIMT) and pulse wave velocity
(PWV), in 165 BRCA1/2 mutation carriers. All participants, aged 40 to 63 years, underwent RRSO before
the age of 45 years, and at least 5 years ago. Cardiovascular risk factors were assessed by questionnaires
and a single screening visit. Data were analyzed using linear regression models.

Results: Mean CIMT was 692.7 um (SD 87.0), and mean central PWV 6.40 m/s (SD 1.42). After adjustment
for age and several relevant cardiovascular risk factors, time since RRSO was not associated with CIMT
(=0.68 um; 95% ClI -4.02, 5.38) and PWV (B8=44 mm/s; 95% CI -32, 120). Compared to women of a
reference group from the general population, lower systolic blood pressure [mean difference 12 mmHg;
95% confidence interval (CI) 10, 14] was found in BRCA1/2 mutation carriers.

Conclusions: We found that, in BRCA1/2 mutation carriers, at 5 to 24 years follow-up, time since RRSO
is not related to development of subclinical atherosclerosis. However, the follow-up period in these rela-
tively young women might have been too short.

© 2020 The Authors. Published by Elsevier Ltd on behalf of Japanese College of Cardiology.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

ovarian cancer carry a germline mutation in the BRCA1 or BRCA2
gene [2]. To reduce ovarian cancer risk, BRCA1/2 mutation car-

BRCA1/2 mutation carriers have a lifetime risk for breast and
ovarian cancer of 49-57% and 18-40%, respectively [1]. Approx-
imately 2% and 15% of all women with respectively breast or
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riers are strongly advised to undergo a risk-reducing salpingo-
oophorectomy (RRSO) around the age of 40 years, which is a highly
effective strategy [3]. Until now, little is known about the potential
long-term health effects of premature surgical menopause due to
RRSO, such as earlier occurrence of atherosclerosis.

Germline mutations in the BRCA1/2 genes were discovered only
two decades ago; therefore, data on cardiovascular diseases (CVD)
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after premenopausal RRSO are scarce. Nevertheless, BRCA1/2 muta-
tion carriers may have an elevated risk for CVD for several reasons
[4]. Firstly, in the general population, early menopause negatively
affects morbidity and mortality caused by CVD [5,6]. Secondly, a
more unfavorable lipid profile and higher body mass index (BMI)
are observed after early surgical menopause, whereas its effects on
blood pressure and glucose metabolism are less consistent [7]. Hor-
mone replacement therapy (HRT) is advised in women undergo-
ing early menopause, until average age of menopause, with poten-
tially beneficial effects on vascular function, lipid levels, and glu-
cose metabolism [8]. However, HRT is contraindicated in women
with prior breast cancer. A significant proportion of BRCA1/2 muta-
tion carriers will receive adjuvant chemotherapy or radiotherapy
for breast cancer which may also have cardiotoxic effects [9]. A
possible role of deficient DNA repair mechanisms, as in BRCA1/2
mutation carriers, in the cardiovascular (CV) system is suggested
in animal studies [10,11], but this is yet to be investigated in hu-
mans.

A way of providing evidence of CVD risk in oophorectomized
BRCA1/2 mutation carriers is to study the level and extent of arte-
rial damage. Both carotid intima-media thickness (CIMT) and pulse
wave velocity (PWV) are subclinical atherosclerosis measurements
that reflect long-term exposure to unfavorable levels of increased
risk factors. Measurements of increased CIMT and PWV are strong
predictors for future CV events in middle-aged subjects [12,13].

Thus far, studies on CIMT and PWV after premature surgical
menopause are scarce, with conflicting results on the association
with time since menopause [14-17]. The objective of this study was
to evaluate whether RRSO is a potential risk factor in BRCA1/2 mu-
tation carriers for early development of subclinical atherosclerosis
as measured by CIMT and PWV.

Materials and methods
Participants

The Cardiovascular Risk after RRSO in BRCA1/2 Mutation Car-
riers (CARSOBRA) study was a single-center cohort study per-
formed in the Radboud University Medical Center (Radboudumc)
in the Netherlands between June and November 2015. All germline
BRCA1/2 mutation carriers known to the Department of Human Ge-
netics or the Department of Obstetrics and Gynecology were in-
vited by letter to participate in the CARSOBRA study. Women were
asked to participate when RRSO was performed at a maximum age
of 45 years and at least five years previously. Women with previ-
ous ovarian cancer or current treatment for metastatic breast can-
cer were excluded from participation. The study is in accordance
with the Helsinki Declaration and was approved by the Medical
Ethics Committee of the Radboudumc (CMO0:2014-1430). All par-
ticipants provided written informed consent before entering the
study. The study consisted of a digital questionnaire and a single
CV screening visit. General characteristics included age, race, edu-
cation level, type of BRCA mutation, and time since RRSO.

Measures of subclinical atherosclerosis

Participants were instructed to avoid strenuous physical activity
24 h before testing, to abstain from smoking for 14 h, and to fast at
least six hours, to minimize these effects on the vascular system.
Tests were performed under standardized conditions in a quiet,
partially darkened, temperature-controlled room (22.5 + 1.0 °C).
All measurements were performed by the same sonographer (MA).

High-resolution B-mode ultrasound carotid artery images were
acquired using a linear array 10-MHz transducer attached to a
Terason T3000 (Burlington, MA, USA). The intima-media thickness
of the left common carotid artery (CCA) was measured two cm
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proximal to the bulbus [18]. Wall thickness was measured con-
tinuously for at least ten seconds, and this was repeated from a
different perpendicular plane (+90°, compared with previous mea-
surement). From the two measurements, mean wall thickness was
calculated and used for analysis. Post-test analysis wall thickness
was performed by a researcher (MA) who was blinded to subject
identity. Custom-designed edge-detection and wall-tracking Digital
Imaging and Communications in Medicine-based (DICOM) software
was used, which is largely independent of investigator bias [19].

Arterial stiffness was determined using central PWV. It is a
measure of wave velocity, which is propagated by contraction of
the heart and travels along the arterial tree. PWV is calculated by
dividing travelled distance by transit time [20]. A three-lead elec-
trocardiogram was used for R-wave detection. The pulse wave was
measured by echo-Doppler ultrasound (WakiLoki Doppler, 4 MHz,
Atys Medical, Soucieu en Jarrest, France) at the left CCA and the
right common femoral artery (FA). The distance between CCA to
sternal notch (SN) was measured over the body surface, whereas
the height from the ground to SN, umbilicus (UMB), and FA were
obtained in standing position in front of a measuring rod. The path
length for aortic distance was obtained by the formula: [(SN to
UMB) + (UMB to FA)] - (CCA - SN). PWV was calculated automat-
ically by echo-tracking subsystem using the intersecting tangent
algorithm to measure pulse transit time difference. The reported
value was the average of at least eight consecutive beats.

Cardiovascular risk factors and other potential covariates

A fasting venous blood sample was analyzed for glucose, in-
sulin, total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and triglycerides. Insulin resistance was estimated using
the Homeostasis Model Assessment (HOMA-IR) formula [fasting
serum insulin (mU/1) x fasting plasma glucose (mmol/1)/22.5] [21].
After 15 min of rest in supine position, blood pressure was de-
termined using a semiautomatic oscillometric device (Vital Signs
Monitor 300 Series, Model 5300P; Welch Allyn Inc, Beaverton, OR,
USA) with a cuff size appropriate for arm circumference, at five-
minute intervals for 30 min. The median of seven measures of sys-
tolic blood pressure (SBP) was used for analysis. Hypertension was
defined as SBP >140 mmHg and/or diastolic blood pressure (DBP)
>90 mmHg, or the use of blood pressure-lowering medication [22].
Measures consisted of height (m) and body weight (kg) to calculate
BMI (kg/m?), and waist and hip circumferences (cm) to calculate
waist-hip ratio (WHR).

Self-reported data were obtained on smoking status, medication
use (blood pressure-lowering, lipid-lowering, glucose-lowering, and
HRT), history of hypertensive pregnancy disorders and/or gesta-
tional diabetes, history of CVD, prior breast cancer treated with
chemotherapy and/or radiotherapy, and family history of prema-
ture CVD (myocardial infarction/stroke in first-degree family mem-
bers aged under 60 years). Framingham Risk Scores were calcu-
lated according to D’Agostino et al. [23]. Self-reported physical
fitness was assessed by the 12-item Duke Activity Status Index
(DASI) [24]. Activities representing major aspects of physical func-
tion (personal care, ambulation, household tasks, sexual function,
and recreational activities) were determined and weighted by their
known metabolic cost to predict an individual’s maximal exercise
capacity. A total DASI score ranges from 0 (worst) to 58.2 (best),
and correlates well with peak oxygen uptake [24].

CV risk factors of BRCA1/2 mutation carriers were compared
with age-matched women from a Dutch general population study
to indicate which CV risk factors might have influenced the sub-
clinical atherosclerosis measures in our study population [25].
These data were collected in 2009-2010 and pooled outcomes
on the measures BMI, SBP, DBP, TC, HDL-C, and glucose were
reported. Metabolic syndrome was defined as the presence of
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Table 1
Characteristics of study participants.

Characteristics

BRCA1/2 mutation carriers

(n = 165)
Demographics

Age, median (range), years 49.1 (40 - 63)
Higher education, n (%) 49 (29.7)
Clinical data

Time since RRSO, median (range), years 9.5 (5 -24)
Medication, n (%)

Blood pressure-lowering 10 (6.1)
Lipid-lowering 8 (4.8)
Glucose-lowering? 3(1.8)
Hormone replacement therapy 33 (20.0)
Cardiovascular risk factors in pregnancy, n (%) 26 (18.3)
Prior breast cancer treated with CT/RT, n (%) 44 (26.7)
Family history of premature CVD, n (%) 32 (194)
Currently smoking, n (%) 22 (13.3)

DASI score, median (range)
Physical examination

522 (7.2 - 58.2)

Systolic blood pressure, mmHg 112 (11)
Diastolic blood pressure, mmHg 70 (8)

Body mass index, kg/m? 25.3 (4.4)
Waist-hip ratio 0.82 (0.06)
Laboratory data, median (range)

Total cholesterol, mmol/l 55 (3.2 -8.8)
LDL cholesterol, mmol/l 34 (1.2 - 6.1)
HDL cholesterol, mmol/l 1.6 (0.7 - 5.4)
Triglycerides, mmol/l 1.0 (0.2 - 3.9)
HOMA-IR 1.4 (03 - 11.3)

RRSO, risk-reducing salpingo-oophorectomy; CT, chemotherapy; RT, radiotherapy;
CVD, cardiovascular disease; DASI score, Duke Activity Status Index; LDL, low-
density lipoprotein; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model
Assessment-Insulin Resistance.

2 Only the use of oral blood glucose-lowering medication.

three or more of the following risk factors: abdominal obesity;
SBP >130 mmHg and/or DBP >85 mmHg and/or blood pressure-
lowering medication; HDL-C <1.30 mmol/l and/or lipid-lowering
medication; fasting glucose >5.6 mmol/l and/or glucose-lowering
medication; triglyceride >1.7 mmol/l.

Data analysis

Data were expressed as means and standard deviations (SD).
When distributions of variables were skewed, log-transformation
was applied prior to analysis. Continuous data were compared by
Student’s t-test for independent samples. Proportions were com-
pared by chi-square test.

In univariable analysis, associations of age-adjusted common
CIMT and age-adjusted central PWV with (potential) CVD risk fac-
tors were tested (SBP, blood pressure-lowering medication, HOMA-
IR, glucose-lowering medication, TC, lipid-lowering medication,
BMI, WHR, current smoking, use of HRT, DASI, CV risk in preg-
nancy, prior breast cancer treated with chemotherapy and/or ra-
diotherapy, family history of CVD). Those variables with a p-value
<0.10 were included in linear regression models for further ad-
justment when testing the association of time since RRSO with
CIMT and PWV. Statistical analyses were performed using Statis-
tical Package for the Social Sciences software version 22.0 (SPSS
Inc., Chicago, IL, USA). A p-value <0.05 was considered significant.

Results

In total, 268 women were invited to participate; of these, 165
(62%) gave informed consent. General characteristics of the partici-
pants are displayed in Table 1. A total of 112 had a BRCA1 mutation
(68%), 51 had a BRCA2 mutation (31%), and 2 had both BRCA1 and
BRCA2 mutations. All but three women were Caucasians. A total of
111 BRCA1/2 mutation carriers (67%) did not have prior breast can-
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cer. Of these women, 82 (74%) had ever used HRT with a mean du-
ration of 6.6 years (SD 4.1). Only one woman had a history of CVD
including a transient ischemic attack and an abdominal aneurysm
of the aorta. Fifty percent of all participants had the maximal DASI
score of 58.2 (median 52.2, range 7.2-58.2).

Of the nonparticipants (n = 97), eight did not fulfill the inclu-
sion criteria, twenty-two did not respond or were not reached, and
67 were not interested in participation for several reasons. In a
random sample of these nonparticipants (n = 32), 38% were known
to be smokers, whereas 13% of the participants smoked, other CVD
risk factors were unknown.

Table 2 summarizes (potential) CVD risk factors compared with
women from a Dutch reference group divided into two age-
categories (40-49 and 50-59 years) [25]. Two BRCA1/2 mutation
carriers were excluded from this comparison because of age above
59 years. Oophorectomized BRCA1/2 mutation carriers did not dif-
fer from women of the reference group with regard to BMI, di-
abetes, TC, HDL-C, and smoking. However, BRCA1/2 mutation car-
riers had lower SBP [mean difference 12 mmHg (95% CI 10, 14);
p<0.01] and DBP [mean difference 7 mmHg (95% CI 5, 9); p<0.01].
The presence of hypercholesterolemia was higher in women aged
40-49 years, and less abdominal obesity and metabolic syndrome
in women aged 50-59 years were observed compared with the ref-
erence group.

Subclinical atherosclerosis measures

Mean CIMT in BRCA1/2 mutation carriers was 692.7 pum (SD
87.0, median 675.5, range 527.5-1073.0). Time since RRSO was not
associated with CIMT in the age-adjusted model (Table 3). Univari-
ate associations were tested between age-adjusted CIMT and CVD
risk factors, in which SBP, HOMA-IR, TC, and BMI were significantly
associated with CIMT. After adjustment for these additional factors,
time since RRSO was still not associated with CIMT (Table 3). Af-
ter selecting women without HRT, still no association was found
between time since RRSO and CIMT (model 1: p = 0.78, model 2:
p = 0.85, model 3a: p = 0.73).

Data on PWV analyses failed for 10 BRCA1/2 mutation carriers,
because of arrhythmia (n = 1) and technical problems (n = 9). In
155 BRCA1/2 mutation carriers, mean PWV was 6.40 m s~! (SD
142, median 6.01, range 4.14-11.79). No association was found be-
tween time since RRSO and age-adjusted PWV (Table 3). Univari-
ate analysis for age-adjusted PWV showed significant associations
with SBP, TC, WHR, HOMA-IR, and prior breast cancer treated with
chemotherapy and/or radiotherapy. In linear regression analysis,
time since RRSO was not associated with age-adjusted PWV af-
ter adjustment for relevant CVD risk factors. Also when analyzing
women without HRT only, no association was found between time
since RRSO and PWV (model 1: p = 0.55, model 2: p = 0.83, model
3b: p = 0.90).

Framingham risk score was significantly associated with time
since RRSO (R = 0.349, p < 0.00).

Discussion

In this relatively young cohort of oophorectomized BRCA1/2 mu-
tation carriers, time since RRSO was not related to signs of subclin-
ical atherosclerosis as measured by CIMT and PWV. In contrast, we
found that BRCA1/2 mutation carriers 5 to 24 years after RRSO had
a relatively healthy CVD risk profile.

At the moment, this is the first study in which time since
early surgical menopause and signs of subclinical atherosclerosis
in BRCA1/2 mutation carriers are investigated. Our findings support
previous studies indicating that time since surgical menopause is
not associated with increased CIMT at a maximum of 24 years fol-
low up [14,15,26]. However, two smaller studies did find a positive
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Table 2

Cardiovascular risk factors in BRCA1/2 mutation carriers compared with a reference group?*.
Age category 40-49 years 50-59 years

CARSOBRA (n = 93)  Reference (n = 518)  p-value  CARSOBRA (n = 70)  Reference (n = 553)  p-value

Cardiovascular risk factors,%
Hypertension 6.5 14.7 <0.05 10.0 315 <0.01
Obesity? 15.1 10.5 0.20 171 149 0.63
Abdominal obesity” 31.1 33.2 0.69 31.9 443 <0.05
Diabetes® 1.1 23 0.46 4.3 5.0 0.80
Hypercholesterolemia? 18.3 10.3 <0.05 30.0 31.9 0.75
Metabolic syndrome 10.8 17.0 0.14 13.0 28.8 <0.01
Current smoking 14.0 213 0.11 114 20.9 0.06
Framingham Risk Score®, median (range) 2.4 (1.0-11.7) 3.6 (1.7-13.7)
Physical examination, mean (SD)
Systolic blood pressure, mmHg 111 (11) 120 (14) <0.01 113 (11) 127 (17) <0.01
Diastolic blood pressure, mmHg 71 (9) 75 (10) <0.01 70 (8) 78(10) <0.01
Body mass index, kg/m? 25.5 (4.5) 24.7 (4.3) 0.12 24.9 (4.5) 25.7 (4.7) 0.17
Waist circumference, cm 86.2 (10.7) 84.5 (11.3) 0.16 85.4 (12.2) 87.7 (11.8) 0.12
Laboratory data, mean (SD)
Total cholesterol, mmol/l 5.42 (1.08) 5.19 (0.088) 0.06 5.70 (1.03) 5.83 (1.03) 0.36
HDL cholesterol, mmol/l 1.52 (0.36) 1.48 (0.34) 0.32 1.57 (0.37) 1.57 (0.37) 0.09

HDL, High-density lipoprotein.
2 Body mass index > 30 kg/m?;
Waist circumference > 88 cm;
Reported in questionnaire or fasting glucose > 7.0 mmol/l;
Total cholesterol > 6.5 mmol/l and/or lipid-lowering medication;

b
c
d
¢ Calculated according to D’Agostino et al. [23].

Table 3
Association of time since RRSO with CIMT and PWV.
CIMT (pm)» p-value  PWV (mm/s)* p-value
Model 1% 1.95(-2.88,6.78) 043 75.1 (-7.4, 157.5) 0.07
Model 2° 1.03 (-3.72, 5.77)  0.67 55.0 (-24.3,134.2) 0.17
Model 3a“ 0.68 (-4.02, 5.38)  0.77
Model 3b¢ 439 (-31.7, 119.5)  0.25

~values represent S coefficients (95%) of linear regression analyses, reflecting
change in outcome per one year increase in time since RRSO.
RRSO, risk-reducing salpingo-oophorectomy; CIMT, carotid intima media thickness;
PWV, pulse wave velocity; RRSO, risk-reducing salpingo-oophorectomy; HOMA-IR,
Homeostatic Model Assessment-Insulin Resistance.

2 adjusted for age;.

b adjusted for age and systolic blood pressure;.

¢ adjusted for age, systolic blood pressure, HOMA-IR, total cholesterol and body
mass index;.

d adjusted for age, systolic blood pressure, HOMA-IR, total cholesterol, waist-hip
ratio and prior breast cancer treatment with chemotherapy and/or radiotherapy.

association [16,17]. Arterial stiffness, measured with PWV, has only
been studied after natural menopause in which a significantly pos-
itive association at a mean time interval of 8 years was found [27].

Generally, early menopause is consistently associated with an
increased risk for CVD and its mortality [5,6]. Prior studies on early
surgical menopause were performed predominantly in women un-
dergoing hysterectomy for benign diseases with or without bi-
lateral oophorectomy. In these premenopausal women undergo-
ing hysterectomy, the CV benefits of conserving ovaries have
been highlighted [28,29]. Even in postmenopausal women, retained
ovaries are associated with slower rates of thickening of the carotid
arteries. Moreover, in a recent meta-analysis both natural and sur-
gical premature menopause have been found to be associated with
an increased risk for CVD events among postmenopausal women
[30].

In the general population, a small protective CV effect of re-
tained ovaries might outweigh the potential low lifetime risk of
ovarian cancer of 1.3% [31]. However, BRCA1/2 mutation carriers
have to be distinguished from the general population because of
their elevated ovarian cancer risk (up to 40%), combined with
the poor prognosis of ovarian cancer, a salpingo-oophorectomy is
advised despite potential side-effects. Furthermore, it is debated

573

whether they are at increased risk for CVD compared to non-
carriers [32]. It has been postulated that the BRCA gene itself may
influence CV risk, on top of the effects of early induced menopause
due to RRSO [4]. In previous studies it was found that women un-
dergoing hysterectomy had a more unfavorable CVD risk profile at
baseline [33,34]. In contrast, other studies found a healthier CVD
risk profile in women who underwent RRSO [35]. These authors
suggested that self-selection of healthier women seeking RRSO and
their changes in lifestyle after surgery may play an important role
[35]. This is in accordance with our results, in which our partici-
pants may represent a positive selection, based on the differences
in smoking among women who did and did not participate in this
study.

Comparing CVD risk factors in BRCA1/2 mutation carriers with
women from the reference group, lower SBP and DBP were found
in BRCA1/2 mutation carriers [25]. A lower prevalence of abdomi-
nal obesity and metabolic syndrome was observed which is pos-
itively associated with a lower blood pressure. In the literature,
results on changes in CVD risk factors by hysterectomy with bi-
lateral oophorectomy diverge from no changes [33,34,36], to in-
creased BMI and higher total and LDL-cholesterol [7,37]. Changes
in blood pressure, as we found, have not been observed previously.

Healthy lifestyle is the cornerstone for CVD prevention, as high-
lighted in the European guideline for CVD prevention, and this
certainly accounts for women at middle-age [22]. Presumably, in
BRCA1/2 mutation carriers, patient’s motivation for healthy lifestyle
is focusing mainly on cancer prevention. Healthy lifestyle interven-
tions, such as weight control, healthy diet, and physical activity,
have all been shown to lower breast cancer risk [38]. Furthermore,
a relatively high level of education has been found in BRCA1/2 car-
riers which is associated with a healthy lifestyle in general [39].
In the future, we expect a better reflection of the general popula-
tion while genetic testing is increasing. For example, universal tu-
mor BRCA1/2 testing in all newly diagnosed ovarian cancer patients
appears to be feasible, effective, and appreciated by patients and
gynecologists in the Netherlands [40]. The current national imple-
mentation of this trajectory will lead to population-based genetic
analysis with national coverage.

Considering the relatively recent discovery of germline BRCA1/2
mutations, no data on clinical CVD endpoints are yet available af-
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ter premenopausal RRSO. Therefore, we used CIMT and PWV as
surrogate endpoints for CV risk [12,13]. Another well-established
method, coronary artery calcium (CAC) scoring with computed to-
mography, is strongly associated with the long-term risk of CVD
mortality in young- and middle-aged women [41]. However, this
technique uses ionizing radiation which requires special caution,
especially in young BRCA1/2 mutation carriers [42].

Determining the role of menopause in the pathogenesis or pro-
gression of CVD is complex, given the dominant effect of aging
on the CV system in combination with the presence of CVD risk
factors, as is possibly also reflected by the association between
time since RRSO and Framingham risk score. It has been sug-
gested that early natural menopause may be caused predominantly
by an intrinsic elevated CVD risk [43]. Furthermore, CVD mortal-
ity in women increases exponentially throughout all ages with no
acceleration at menopause [44]. Recently, menopausal status and
chronological aging were found to be both associated indepen-
dently with CVD risk factors, with a more marked role for the lat-
ter [7].

Our results must be interpreted in the context of several
strengths and limitations. We are the first group investigating the
association between time since RRSO in BRCA1/2 carriers and signs
of subclinical atherosclerosis. In this study clinical data, as well as
laboratory data and atherosclerosis measurements are included to
provide an insight into the CV risk profile of BRCA mutation car-
riers. However, the cross-sectional design precludes investigating
causality, and the lack of a control group for measures of subclin-
ical atherosclerosis is another limitation. Using an external refer-
ence cohort to compare CVD risk factors also has some disadvan-
tages, such as potential differences in measurement techniques and
laboratory analysis. Furthermore, our study group may reflect a rel-
atively healthy subgroup of all BRCA mutation carriers due to se-
lection bias. Moreover, patients with high risk of CV events might
have developed CV events within five years after RRSO and might
be excluded. Time since RRSO was still rather short with a rela-
tively young age of the study group. Therefore, information on CV
events was not yet available.

In conclusion, the present study showed no relation between
time since RRSO and signs of subclinical atherosclerosis at inter-
mediate term as measured by CIMT and PWV in oophorectomized
BRCA1/2 mutation carriers. In contrast, a relatively healthy CVD risk
profile was observed. From our data, it seems unlikely that RRSO
at a maximum age of 45 years in BRCA1/2 mutation carriers has a
major contribution to the CVD risk within several years. However,
additional studies with longer follow-up are required to provide
more insight in clinical CV events after RRSO.

Declaration of Competing Interest

The authors declare that there is no conflict of interest.
Acknowledgments

The authors thank all participants of the CARSOBRA study, and
gratefully acknowledge Bregina Kersten for her technical assis-
tance.

Funding

This research received no grant from any funding agency in the
public, commercial, or not-for-profit sectors.

References

[1] Chen S, Parmigiani G. Meta-analysis of BRCA1 and BRCA2 penetrance. ] Clin
Oncol 2007;25:1329-33.

574

Journal of Cardiology 77 (2021) 570-575

[2] Alsop K, Fereday S, Meldrum C, deFazio A, Emmanuel C, George J, et al. BRCA
mutation frequency and patterns of treatment response in BRCA mutation-pos-
itive women with ovarian cancer: a report from the Australian ovarian cancer
study group. J Clin Oncol 2012;30:2654-63.

[3] Rebbeck TR, Kauff ND, Domchek SM. Meta-analysis of risk reduction estimates
associated with risk-reducing salpingo-oophorectomy in BRCA1 or BRCA2 mu-
tation carriers. ] Natl Cancer Inst 2009;101:80-7.

[4] Arts-de Jong M, Maas AH, Massuger LF, Hoogerbrugge N, de Hullu JA. BRCA1/2

mutation carriers are potentially at higher cardiovascular risk. Crit Rev Oncol

Hematol 2014;91:159-71.

Muka T, Oliver-Williams C, Kunutsor S, Laven JS, Fauser BC, Chowdhury R,

et al. Association of age at onset of menopause and time since onset of

menopause with cardiovascular outcomes, intermediate vascular traits, and
all-cause mortality: a systematic review and meta-analysis. JAMA Cardiol
2016;1:767-76.

Atsma F, Bartelink ML, Grobbee DE, van der Schouw YT. Postmenopausal status

and early menopause as independent risk factors for cardiovascular disease: a

meta-analysis. Menopause 2006;13:265-79.

[7] de Kat AC, Dam V, Onland-Moret NC, Eijkemans M]J, Broekmans FJ, van der
Schouw YT. Unraveling the associations of age and menopause with cardio-
vascular risk factors in a large population-based study. BMC Med 2017;15:2.

[8] Baber RJ, Panay N, Fenton A. IMS Recommendations on women’s midlife health
and menopause hormone therapy. Climacteric 2016;19:109-50.

[9] Khouri MG, Douglas PS, Mackey JR, Martin M, Scott JM, Scherrer-Crosbie M,
et al. Cancer therapy-induced cardiac toxicity in early breast cancer: address-
ing the unresolved issues. Circulation 2012;126:2749-63.

[10] Shukla PC, Singh KK, Quan A, Al-Omran M, Teoh H, Lovren F, et al. BRCA1
is an essential regulator of heart function and survival following myocardial
infarction. Nat Commun 2011;2:593.

[11] Singh KK, Shukla PC, Quan A, Desjardins JF, Lovren F, Pan Y, et al. BRCA2 pro-
tein deficiency exaggerates doxorubicin-induced cardiomyocyte apoptosis and
cardiac failure. ] Biol Chem 2012;287:6604-14.

[12] Eikendal AL, Groenewegen KA, Anderson TJ, Britton AR, Engstrom G, Evans GW,
et al. Common carotid intima-media thickness relates to cardiovascular events
in adults aged <45 years. Hypertension 2015;65:707-13.
Ben-Shlomo Y, Spears M, Boustred C, May M, Anderson SG, Benjamin EJ,
et al. Aortic pulse wave velocity improves cardiovascular event prediction:
an individual participant meta-analysis of prospective observational data from
17,635 subjects. ] Am Coll Cardiol 2014;63:636-46.
Mack W]J, Slater CC, Xiang M, Shoupe D, Lobo RA, Hodis HN. Elevated sub-
clinical atherosclerosis associated with oophorectomy is related to time since
menopause rather than type of menopause. Fertil Steril 2004;82:391-7.
Nabulsi AA, Folsom AR, Szklo M, White A, Higgins M, Heiss G. No association
of menopause and hormone replacement therapy with carotid artery intima-
media thickness. Atherosclerosis risk in communities (ARIC) study investiga-
tors. Circulation 1996;94:1857-63.
Ozkaya E, Cakir E, Okuyan E, Cakir C, Ustun G, Kucukozkan T. Comparison of
the effects of surgical and natural menopause on carotid intima media thick-
ness, osteoporosis, and homocysteine levels. Menopause 2011;18:73-6.
Stockl D, Peters A, Thorand B, Heier M, Koenig W, Seissler ], et al. Reproductive
factors, intima media thickness and carotid plaques in a cross-sectional study
of postmenopausal women enrolled in the population-based KORA F4 study.
BMC Womens Health 2014;14:17.
de Groot E, Hovingh GK, Wiegman A, Duriez P, Smit AJ, Fruchart JC. et al. Mea-
surement of arterial wall thickness as a surrogate marker for atherosclerosis.
Circulation 2004;109(23 Suppl. 1):lii33-8.
Potter K, Green DJ, Reed (], Woodman RJ], Watts GF, McQuillan BM,
et al. Carotid intima-medial thickness measured on multiple ultrasound
frames: evaluation of a DICOM-based software system. Cardiovasc Ultrasound
2007;5:29.
Laurent S, Cockcroft ], Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D,
et al. Expert consensus document on arterial stiffness: methodological issues
and clinical applications. Eur Heart ] 2006;27:2588-605.
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-19.
Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. Euro-
pean guidelines on cardiovascular disease prevention in clinical practice: the
sixth joint task force of the European society of cardiology and other societies
on cardiovascular disease prevention in clinical practice (constituted by repre-
sentatives of 10 societies and by invited experts) developed with the special
contribution of the European association for cardiovascular prevention & reha-
bilitation (EACPR). Eur Heart J 2016;37:2315-81.

D’'Agostino RB Sr, Vasan RS, Pencina M], Wolf PA, Cobain M, Massaro M,

et al. General cardiovascular risk profile for use in primary care: the Fram-

ingham heart study. Circulation 2008;117:743-53.

[24] Hlatky MA, Boineau RE, Higginbotham MB, Lee KL, Mark DB, Califf RM, et al. A
brief self-administered questionnaire to determine functional capacity (the
duke activity status index). Am ] Cardiol 1989;64:651-4.

[25] National Institute for Public Health and the Environment (RIVM) Nederland
de Maat Genomen, 2009-2010. Monitoring van Risicofactoren in de Algemene
Bevolking (in English Measuring the Netherlands, 2009-2010. Monitoring Risk
Factors in the General Population) 2011. http://www.rivm.nl/nldemaat.

[5

(6]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]


http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0001
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0001
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0001
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0002
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0003
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0003
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0003
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0003
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0004
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0004
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0004
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0004
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0004
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0004
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0005
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0006
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0006
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0006
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0006
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0006
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0007
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0007
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0007
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0007
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0007
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0007
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0007
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0008
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0008
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0008
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0008
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0009
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0010
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0011
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0012
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0013
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0014
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0014
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0014
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0014
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0014
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0014
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0014
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0015
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0015
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0015
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0015
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0015
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0015
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0015
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0016
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0016
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0016
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0016
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0016
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0016
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0016
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0017
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0018
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0018
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0018
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0018
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0018
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0018
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0018
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0019
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0020
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0021
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0021
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0021
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0021
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0021
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0021
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0021
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0022
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0023
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0024
http://www.rivm.nl/nldemaat

M.H.D. van Bommel, M.A. de Jong, M.P. Steenbeek et al.

[26] Daan NM, Muka T, Koster MP, Roeters van Lennep JE, Lambalk CB, Laven ]S,
et al. Cardiovascular risk in women with premature ovarian insufficiency
compared to premenopausal women at middle age. ] Clin Endocrinol Metab
2016;101:3306-15.

Gompel A, Boutouyrie P, Joannides R, Christin-Maitre S, Kearny-Schwartz A,

Kunz K, et al. Association of menopause and hormone replacement therapy

with large artery remodeling. Fertil Steril 2011;96:1445-50.

Mytton ], Evison F, Chilton PJ, Lilford R]. Removal of all ovarian tissue ver-

sus conserving ovarian tissue at time of hysterectomy in premenopausal pa-

tients with benign disease: study using routine data and data linkage. BMJ
2017;356:j372.

Parker WH, Feskanich D, Broder MS, Chang E, Shoupe D, Farquhar CM,

et al. Long-term mortality associated with oophorectomy compared with ovar-

ian conservation in the nurses’ health study. Obstet Gynecol 2013;121:709-16.

[30] Honigberg MC, Zekavat SM, Aragam K, Finneran P, Klarin D, Bhatt DL, et al.
Association of premature natural and surgical menopause with incident car-
diovascular disease. JAMA 2019. doi:10.1001/jama.2019.19191.

[31] National Cancer Institute. SEER stat fact sheet: ovarian cancer. 2020 https://
seer.cancer.gov/statfacts/html/ovary.html (Accessed 01-04-2020)

[32] Mai PL, Chatterjee N, Hartge P, Tucker M, Brody L, Struewing JP, et al. Potential
excess mortality in BRCA1/2 mutation carriers beyond breast, ovarian, prostate,
and pancreatic cancers, and melanoma. PLoS ONE 2009;4:e4812.

[33] Appiah D, Schreiner PJ, Bower JK, Sternfeld B, Lewis CE, Wellons MF. Is surgical
menopause associated with future levels of cardiovascular risk factor indepen-
dent of antecedent levels? The CARDIA study. Am ] Epidemiol 2015;182:991-9.

[34] Howard BV, Kuller L, Langer R, Manson JE, Allen C, Assaf A, et al. Risk of cardio-
vascular disease by hysterectomy status, with and without oophorectomy: the
women’s health initiative observational study. Circulation 2005;111:1462-70.

[35] Michelsen TM, Tonstad S, Pripp AH, Trope CG, Dorum A. Coronary heart dis-
ease risk profile in women who underwent salpingo-oophorectomy to prevent
hereditary breast ovarian cancer. Int ] Gynecol Cancer 2010;20:233-9.

[27]

[28]

[29]

575

Journal of Cardiology 77 (2021) 570-575

[36] Sari N, Engin-Ustun Y, Kiyak Caglayan E, Gocmen AY, Polat MF. Evaluation of
cardiovascular disease risk in women with surgically induced menopause. Gy-
necol Endocrinol 2016;32:498-501.

[37] Gibson CJ, Thurston RC, El Khoudary SR, Sutton-Tyrrell K, Matthews KA. Body
mass index following natural menopause and hysterectomy with and without
bilateral oophorectomy. Int ] Obes Lond 2013;37:809-13.

[38] Kushi LH, Doyle C, McCullough M, Rock CL, Demark-Wahnefried W, Ban-
dera EV, et al. American cancer society guidelines on nutrition and physical
activity for cancer prevention: reducing the risk of cancer with healthy food
choices and physical activity. CA Cancer ] Clin 2012;62:30-67.

[39] Eguchi E, Iso H, Honjo K, Yatsuya H, Tamakoshi A. No modifying effect of edu-
cation level on the association between lifestyle behaviors and cardiovascular
mortality: the Japan collaborative cohort study. Sci Rep 2017;7:39820.

[40] Vos JR, Fakkert IE, de Hullu JA, van Altena AM, Sie AS, Ouchene H, et al. Uni-
versal tumor DNA BRCA1/2 testing of ovarian cancer: prescreening PARPi treat-
ment and genetic predisposition. J Natl Cancer Inst 2020;112:161-9.

[41] Nakanishi R, Li D, Blaha MJ], Whelton SP, Darabian S, Flores FR, et al. All-

cause mortality by age and gender based on coronary artery calcium scores.

Eur Heart ] Cardiovasc Imaging 2016;17:1305-14.

Drooger JC, Hooning M]J, Seynaeve CM, Baaijens MH, Obdeijn IM, Sleijfer S,

et al. Diagnostic and therapeutic ionizing radiation and the risk of a first

and second primary breast cancer, with special attention for BRCA1 and

BRCA2 mutation carriers: a critical review of the literature. Cancer Treat Rev

2015;41:187-96.

Kok HS, van Asselt KM, van der Schouw YT, van der Tweel I, Peeters PH, Wil-

son PW, et al. Heart disease risk determines menopausal age rather than the

reverse. ] Am Coll Cardiol 2006;47:1976-83.

[44] Vaidya D, Becker DM, Bittner V, Mathias RA, Ouyang P. Ageing, menopause,
and ischaemic heart disease mortality in England, Wales, and the United
States: modelling study of national mortality data. BM] 2011;343:d5170.

[42]

[43]


http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0026
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0027
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0028
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0028
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0028
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0028
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0028
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0029
https://doi.org/10.1001/jama.2019.19191
https://seer.cancer.gov/statfacts/html/ovary.html
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0032
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0033
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0033
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0033
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0033
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0033
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0033
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0033
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0034
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0035
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0035
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0035
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0035
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0035
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0035
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0036
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0036
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0036
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0036
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0036
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0036
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0037
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0037
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0037
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0037
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0037
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0037
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0038
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0039
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0039
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0039
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0039
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0039
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0039
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0040
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0041
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0042
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0043
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0044
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0044
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0044
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0044
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0044
http://refhub.elsevier.com/S0914-5087(20)30364-6/sbref0044

	No signs of subclinical atherosclerosis after risk-reducing salpingo-oophorectomy in BRCA1/2 mutation carriers
	Introduction
	Materials and methods
	Participants
	Measures of subclinical atherosclerosis
	Cardiovascular risk factors and other potential covariates
	Data analysis

	Results
	Subclinical atherosclerosis measures

	Discussion
	Declaration of Competing Interest
	Acknowledgments
	Funding
	References


