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a b s t r a c t 

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 μm (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 

( β= 0.68 μm; 95% CI –4.02, 5.38) and PWV ( β= 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/ ) 
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BRCA1/2 mutation carriers have a lifetime risk for breast and 

varian cancer of 49–57% and 18–40%, respectively [1] . Approx- 

mately 2% and 15% of all women with respectively breast or 
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varian cancer carry a germline mutation in the BRCA1 or BRCA2 

ene [2] . To reduce ovarian cancer risk, BRCA1/2 mutation car- 

iers are strongly advised to undergo a risk-reducing salpingo- 

ophorectomy (RRSO) around the age of 40 years, which is a highly 

ffective strategy [3] . Until now, little is known about the potential 

ong-term health effects of premature surgical menopause due to 

RSO, such as earlier occurrence of atherosclerosis. 

Germline mutations in the BRCA1/2 genes were discovered only 

wo decades ago; therefore, data on cardiovascular diseases (CVD) 
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fter premenopausal RRSO are scarce. Nevertheless, BRCA1/2 muta- 

ion carriers may have an elevated risk for CVD for several reasons 

4] . Firstly, in the general population, early menopause negatively 

ffects morbidity and mortality caused by CVD [5 , 6] . Secondly, a 

ore unfavorable lipid profile and higher body mass index (BMI) 

re observed after early surgical menopause, whereas its effects on 

lood pressure and glucose metabolism are less consistent [7] . Hor- 

one replacement therapy (HRT) is advised in women undergo- 

ng early menopause, until average age of menopause, with poten- 

ially beneficial effects on vascular function, lipid levels, and glu- 

ose metabolism [8] . However, HRT is contraindicated in women 

ith prior breast cancer. A significant proportion of BRCA1/2 muta- 

ion carriers will receive adjuvant chemotherapy or radiotherapy 

or breast cancer which may also have cardiotoxic effects [9] . A 

ossible role of deficient DNA repair mechanisms, as in BRCA1/2 

utation carriers, in the cardiovascular (CV) system is suggested 

n animal studies [10 , 11] , but this is yet to be investigated in hu-

ans. 

A way of providing evidence of CVD risk in oophorectomized 

RCA1/2 mutation carriers is to study the level and extent of arte- 

ial damage. Both carotid intima-media thickness (CIMT) and pulse 

ave velocity (PWV) are subclinical atherosclerosis measurements 

hat reflect long-term exposure to unfavorable levels of increased 

isk factors. Measurements of increased CIMT and PWV are strong 

redictors for future CV events in middle-aged subjects [12 , 13] . 

Thus far, studies on CIMT and PWV after premature surgical 

enopause are scarce, with conflicting results on the association 

ith time since menopause [14-17] . The objective of this study was 

o evaluate whether RRSO is a potential risk factor in BRCA1/2 mu- 

ation carriers for early development of subclinical atherosclerosis 

s measured by CIMT and PWV. 

aterials and methods 

articipants 

The Cardiovascular Risk after RRSO in BRCA1/2 Mutation Car- 

iers (CARSOBRA) study was a single-center cohort study per- 

ormed in the Radboud University Medical Center (Radboudumc) 

n the Netherlands between June and November 2015. All germline 

RCA1/2 mutation carriers known to the Department of Human Ge- 

etics or the Department of Obstetrics and Gynecology were in- 

ited by letter to participate in the CARSOBRA study. Women were 

sked to participate when RRSO was performed at a maximum age 

f 45 years and at least five years previously. Women with previ- 

us ovarian cancer or current treatment for metastatic breast can- 

er were excluded from participation. The study is in accordance 

ith the Helsinki Declaration and was approved by the Medical 

thics Committee of the Radboudumc (CMO:2014–1430). All par- 

icipants provided written informed consent before entering the 

tudy. The study consisted of a digital questionnaire and a single 

V screening visit. General characteristics included age, race, edu- 

ation level, type of BRCA mutation, and time since RRSO. 

easures of subclinical atherosclerosis 

Participants were instructed to avoid strenuous physical activity 

4 h before testing, to abstain from smoking for 14 h, and to fast at

east six hours, to minimize these effects on the vascular system. 

ests were performed under standardized conditions in a quiet, 

artially darkened, temperature-controlled room (22.5 ± 1.0 °C). 

ll measurements were performed by the same sonographer (MA). 

High-resolution B-mode ultrasound carotid artery images were 

cquired using a linear array 10-MHz transducer attached to a 

erason T30 0 0 (Burlington, MA, USA). The intima-media thickness 

f the left common carotid artery (CCA) was measured two cm 
571 
roximal to the bulbus [18] . Wall thickness was measured con- 

inuously for at least ten seconds, and this was repeated from a 

ifferent perpendicular plane ( ±90 °, compared with previous mea- 

urement). From the two measurements, mean wall thickness was 

alculated and used for analysis. Post-test analysis wall thickness 

as performed by a researcher (MA) who was blinded to subject 

dentity. Custom-designed edge-detection and wall-tracking Digital 

maging and Communications in Medicine-based (DICOM) software 

as used, which is largely independent of investigator bias [19] . 

Arterial stiffness was determined using central PWV. It is a 

easure of wave velocity, which is propagated by contraction of 

he heart and travels along the arterial tree. PWV is calculated by 

ividing travelled distance by transit time [20] . A three-lead elec- 

rocardiogram was used for R-wave detection. The pulse wave was 

easured by echo-Doppler ultrasound (WakiLoki Doppler, 4 MHz, 

tys Medical, Soucieu en Jarrest, France) at the left CCA and the 

ight common femoral artery (FA). The distance between CCA to 

ternal notch (SN) was measured over the body surface, whereas 

he height from the ground to SN, umbilicus (UMB), and FA were 

btained in standing position in front of a measuring rod. The path 

ength for aortic distance was obtained by the formula: [(SN to 

MB) + (UMB to FA)] – (CCA – SN). PWV was calculated automat- 

cally by echo-tracking subsystem using the intersecting tangent 

lgorithm to measure pulse transit time difference. The reported 

alue was the average of at least eight consecutive beats. 

ardiovascular risk factors and other potential covariates 

A fasting venous blood sample was analyzed for glucose, in- 

ulin, total cholesterol (TC), high-density lipoprotein cholesterol 

HDL-C), and triglycerides. Insulin resistance was estimated using 

he Homeostasis Model Assessment (HOMA-IR) formula [fasting 

erum insulin (mU/l) x fasting plasma glucose (mmol/l)/22.5] [21] . 

fter 15 min of rest in supine position, blood pressure was de- 

ermined using a semiautomatic oscillometric device (Vital Signs 

onitor 300 Series, Model 5300P; Welch Allyn Inc, Beaverton, OR, 

SA) with a cuff size appropriate for arm circumference, at five- 

inute intervals for 30 min. The median of seven measures of sys- 

olic blood pressure (SBP) was used for analysis. Hypertension was 

efined as SBP ≥140 mmHg and/or diastolic blood pressure (DBP) 

90 mmHg, or the use of blood pressure-lowering medication [22] . 

easures consisted of height (m) and body weight (kg) to calculate 

MI (kg/m 

2 ), and waist and hip circumferences (cm) to calculate 

aist–hip ratio (WHR). 

Self-reported data were obtained on smoking status, medication 

se (blood pressure-lowering, lipid-lowering, glucose-lowering, and 

RT), history of hypertensive pregnancy disorders and/or gesta- 

ional diabetes, history of CVD, prior breast cancer treated with 

hemotherapy and/or radiotherapy, and family history of prema- 

ure CVD (myocardial infarction/stroke in first-degree family mem- 

ers aged under 60 years). Framingham Risk Scores were calcu- 

ated according to D’Agostino et al. [23] . Self-reported physical 

tness was assessed by the 12-item Duke Activity Status Index 

DASI) [24] . Activities representing major aspects of physical func- 

ion (personal care, ambulation, household tasks, sexual function, 

nd recreational activities) were determined and weighted by their 

nown metabolic cost to predict an individual’s maximal exercise 

apacity. A total DASI score ranges from 0 (worst) to 58.2 (best), 

nd correlates well with peak oxygen uptake [24] . 

CV risk factors of BRCA1/2 mutation carriers were compared 

ith age-matched women from a Dutch general population study 

o indicate which CV risk factors might have influenced the sub- 

linical atherosclerosis measures in our study population [25] . 

hese data were collected in 2009–2010 and pooled outcomes 

n the measures BMI, SBP, DBP, TC, HDL-C, and glucose were 

eported. 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 a 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 (19.4) 

Currently smoking, n (%) 22 (13.3) 

DASI score, median (range) 52.2 (7.2 - 58.2) 

Physical examination 

Systolic blood pressure, mmHg 112 (11) 

Diastolic blood pressure, mmHg 70 (8) 

Body mass index, kg/m 

2 25.3 (4.4) 

Waist-hip ratio 0.82 (0.06) 

Laboratory data, median (range) 

Total cholesterol, mmol/l 5.5 (3.2 – 8.8) 

LDL cholesterol, mmol/l 3.4 (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 (0.3 – 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. 
a Only the use of oral blood glucose-lowering medication. 

t

S

l

m

m

D

W

w

S

p

C

t

I

B

n

d

<

j

C

t

I

R

(

p  

(

B

1

c

r

i

o

s

s

6

r

t

r

w

c

c

5

f

a

r

p  

T

4

i

e

S

8

a

a

r

a

t  

t

b

p

b  

1

1

t

a

w

c

t

t

w

s  

3

s

D

t

i

f

a

e

i

p

n

l  
hree or more of the following risk factors: abdominal obesity; 

BP ≥130 mmHg and/or DBP ≥85 mmHg and/or blood pressure- 

owering medication; HDL-C < 1.30 mmol/l and/or lipid-lowering 

edication; fasting glucose ≥5.6 mmol/l and/or glucose-lowering 

edication; triglyceride ≥1.7 mmol/l. 

ata analysis 

Data were expressed as means and standard deviations (SD). 

hen distributions of variables were skewed, log-transformation 

as applied prior to analysis. Continuous data were compared by 

tudent’s t -test for independent samples. Proportions were com- 

ared by chi-square test. 

In univariable analysis, associations of age-adjusted common 

IMT and age-adjusted central PWV with (potential) CVD risk fac- 

ors were tested (SBP, blood pressure-lowering medication, HOMA- 

R, glucose-lowering medication, TC, lipid-lowering medication, 

MI, WHR, current smoking, use of HRT, DASI, CV risk in preg- 

ancy, prior breast cancer treated with chemotherapy and/or ra- 

iotherapy, family history of CVD). Those variables with a p -value 

 0.10 were included in linear regression models for further ad- 

ustment when testing the association of time since RRSO with 

IMT and PWV. Statistical analyses were performed using Statis- 

ical Package for the Social Sciences software version 22.0 (SPSS 

nc., Chicago, IL, USA). A p -value < 0.05 was considered significant. 

esults 

In total, 268 women were invited to participate; of these, 165 

62%) gave informed consent. General characteristics of the partici- 

ants 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 

RCA2 mutations. All but three women were Caucasians. A total of 

11 BRCA1/2 mutation carriers (67%) did not have prior breast can- 
572 
er. Of these women, 82 (74%) had ever used HRT with a mean du- 

ation of 6.6 years (SD 4.1). Only one woman had a history of CVD 

ncluding a transient ischemic attack and an abdominal aneurysm 

f the aorta. Fifty percent of all participants had the maximal DASI 

core of 58.2 (median 52.2, range 7.2–58.2). 

Of the nonparticipants ( n = 97), eight did not fulfill the inclu- 

ion criteria, twenty-two did not respond or were not reached, and 

7 were not interested in participation for several reasons. In a 

andom sample of these nonparticipants ( n = 32), 38% were known 

o be smokers, whereas 13% of the participants smoked, other CVD 

isk factors were unknown. 

Table 2 summarizes (potential) CVD risk factors compared with 

omen from a Dutch reference group divided into two age- 

ategories (40–49 and 50–59 years) [25] . Two BRCA1/2 mutation 

arriers were excluded from this comparison because of age above 

9 years. Oophorectomized BRCA1/2 mutation carriers did not dif- 

er from women of the reference group with regard to BMI, di- 

betes, TC, HDL-C, and smoking. However, BRCA1/2 mutation car- 

iers had lower SBP [mean difference 12 mmHg (95% CI 10, 14); 

 < 0.01] and DBP [mean difference 7 mmHg (95% CI 5, 9); p < 0.01].

he presence of hypercholesterolemia was higher in women aged 

0–49 years, and less abdominal obesity and metabolic syndrome 

n women aged 50–59 years were observed compared with the ref- 

rence group. 

ubclinical atherosclerosis measures 

Mean CIMT in BRCA1/2 mutation carriers was 692.7 μm (SD 

7.0, median 675.5, range 527.5–1073.0). Time since RRSO was not 

ssociated with CIMT in the age-adjusted model ( Table 3 ). Univari- 

te associations were tested between age-adjusted CIMT and CVD 

isk factors, in which SBP, HOMA-IR, TC, and BMI were significantly 

ssociated with CIMT. After adjustment for these additional factors, 

ime since RRSO was still not associated with CIMT ( Table 3 ). Af-

er selecting women without HRT, still no association was found 

etween time since RRSO and CIMT (model 1: p = 0.78, model 2: 

 = 0.85, model 3a: p = 0.73). 

Data on PWV analyses failed for 10 BRCA1/2 mutation carriers, 

ecause of arrhythmia ( n = 1) and technical problems ( n = 9). In

55 BRCA1/2 mutation carriers, mean PWV was 6.40 m s −1 (SD 

.42, median 6.01, range 4.14–11.79). No association was found be- 

ween time since RRSO and age-adjusted PWV ( Table 3 ). Univari- 

te analysis for age-adjusted PWV showed significant associations 

ith SBP, TC, WHR, HOMA-IR, and prior breast cancer treated with 

hemotherapy and/or radiotherapy. In linear regression analysis, 

ime since RRSO was not associated with age-adjusted PWV af- 

er adjustment for relevant CVD risk factors. Also when analyzing 

omen without HRT only, no association was found between time 

ince RRSO and PWV (model 1: p = 0.55, model 2: p = 0.83, model

b: p = 0.90). 

Framingham risk score was significantly associated with time 

ince RRSO ( R = 0.349, p < 0.00). 

iscussion 

In this relatively young cohort of oophorectomized BRCA1/2 mu- 

ation carriers, time since RRSO was not related to signs of subclin- 

cal atherosclerosis as measured by CIMT and PWV. In contrast, we 

ound that BRCA1/2 mutation carriers 5 to 24 years after RRSO had 

 relatively healthy CVD risk profile. 

At the moment, this is the first study in which time since 

arly surgical menopause and signs of subclinical atherosclerosis 

n BRCA1/2 mutation carriers are investigated. Our findings support 

revious studies indicating that time since surgical menopause is 

ot associated with increased CIMT at a maximum of 24 years fol- 

ow 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 24 . 

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 31.5 < 0.01 

Obesity a 15.1 10.5 0.20 17.1 14.9 0.63 

Abdominal obesity b 31.1 33.2 0.69 31.9 44.3 < 0.05 

Diabetes c 1.1 2.3 0.46 4.3 5.0 0.80 

Hypercholesterolemia d 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 21.3 0.11 11.4 20.9 0.06 

Framingham Risk Score e , 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 

2 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. 
a Body mass index ≥ 30 kg/m 

2 ; 
b Waist circumference ≥ 88 cm; 
c Reported in questionnaire or fasting glucose ≥ 7.0 mmol/l; 
d Total cholesterol ≥ 6.5 mmol/l and/or lipid-lowering medication; 
e Calculated according to D’Agostino et al. [23] . 

Table 3 

Association of time since RRSO with CIMT and PWV. 

CIMT (μm) ̂ p -value PWV (mm/s) ̂ p -value 

Model 1 a 1.95 ( −2.88, 6.78) 0.43 75.1 ( −7.4, 157.5) 0.07 

Model 2 b 1.03 ( −3.72, 5.77) 0.67 55.0 ( −24.3, 134.2) 0.17 

Model 3a c 0.68 ( −4.02, 5.38) 0.77 

Model 3b d 43.9 ( −31.7, 119.5) 0.25 

^ values represent β 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. 
a adjusted for age;. 
b adjusted for age and systolic blood pressure;. 
c 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. 
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ssociation [16 , 17] . Arterial stiffness, measured with PWV, has only 

een studied after natural menopause in which a significantly pos- 

tive association at a mean time interval of 8 years was found [27] .

Generally, early menopause is consistently associated with an 

ncreased risk for CVD and its mortality [5 , 6] . Prior studies on early

urgical menopause were performed predominantly in women un- 

ergoing hysterectomy for benign diseases with or without bi- 

ateral oophorectomy. In these premenopausal women undergo- 

ng hysterectomy, the CV benefits of conserving ovaries have 

een highlighted [28 , 29] . Even in postmenopausal women, retained 

varies are associated with slower rates of thickening of the carotid 

rteries. Moreover, in a recent meta-analysis both natural and sur- 

ical premature menopause have been found to be associated with 

n increased risk for CVD events among postmenopausal women 

30] . 

In the general population, a small protective CV effect of re- 

ained ovaries might outweigh the potential low lifetime risk of 

varian cancer of 1.3% [31] . However, BRCA1/2 mutation carriers 

ave to be distinguished from the general population because of 

heir elevated ovarian cancer risk (up to 40%), combined with 

he poor prognosis of ovarian cancer, a salpingo-oophorectomy is 

dvised despite potential side-effects. Furthermore, it is debated 
573 
hether they are at increased risk for CVD compared to non- 

arriers [32] . It has been postulated that the BRCA gene itself may 

nfluence CV risk, on top of the effects of early induced menopause 

ue to RRSO [4] . In previous studies it was found that women un- 

ergoing hysterectomy had a more unfavorable CVD risk profile at 

aseline [33 , 34] . In contrast, other studies found a healthier CVD 

isk profile in women who underwent RRSO [35] . These authors 

uggested that self-selection of healthier women seeking RRSO and 

heir changes in lifestyle after surgery may play an important role 

35] . This is in accordance with our results, in which our partici- 

ants may represent a positive selection, based on the differences 

n smoking among women who did and did not participate in this 

tudy. 

Comparing CVD risk factors in BRCA1/2 mutation carriers with 

omen from the reference group, lower SBP and DBP were found 

n BRCA1/2 mutation carriers [25] . A lower prevalence of abdomi- 

al obesity and metabolic syndrome was observed which is pos- 

tively associated with a lower blood pressure. In the literature, 

esults on changes in CVD risk factors by hysterectomy with bi- 

ateral oophorectomy diverge from no changes [33 , 34 , 36] , to in-

reased BMI and higher total and LDL-cholesterol [7 , 37] . Changes 

n blood pressure, as we found, have not been observed previously. 

Healthy lifestyle is the cornerstone for CVD prevention, as high- 

ighted in the European guideline for CVD prevention, and this 

ertainly accounts for women at middle-age [22] . Presumably, in 

RCA1/2 mutation carriers, patient’s motivation for healthy lifestyle 

s focusing mainly on cancer prevention. Healthy lifestyle interven- 

ions, such as weight control, healthy diet, and physical activity, 

ave all been shown to lower breast cancer risk [38] . Furthermore, 

 relatively high level of education has been found in BRCA1/2 car- 

iers which is associated with a healthy lifestyle in general [39] . 

n the future, we expect a better reflection of the general popula- 

ion while genetic testing is increasing. For example, universal tu- 

or BRCA1/ 2 testing in all newly diagnosed ovarian cancer patients 

ppears to be feasible, effective, and appreciated by patients and 

ynecologists in the Netherlands [40] . The current national imple- 

entation of this trajectory will lead to population-based genetic 

nalysis with national coverage. 

Considering the relatively recent discovery of germline BRCA1/2 

utations, no data on clinical CVD endpoints are yet available af- 
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er premenopausal RRSO. Therefore, we used CIMT and PWV as 

urrogate endpoints for CV risk [12 , 13] . Another well-established 

ethod, coronary artery calcium (CAC) scoring with computed to- 

ography, is strongly associated with the long-term risk of CVD 

ortality in young- and middle-aged women [41] . However, this 

echnique uses ionizing radiation which requires special caution, 

specially in young BRCA1/2 mutation carriers [42] . 

Determining the role of menopause in the pathogenesis or pro- 

ression of CVD is complex, given the dominant effect of aging 

n the CV system in combination with the presence of CVD risk 

actors, as is possibly also reflected by the association between 

ime since RRSO and Framingham risk score. It has been sug- 

ested that early natural menopause may be caused predominantly 

y an intrinsic elevated CVD risk [43] . Furthermore, CVD mortal- 

ty in women increases exponentially throughout all ages with no 

cceleration at menopause [44] . Recently, menopausal status and 

hronological aging were found to be both associated indepen- 

ently with CVD risk factors, with a more marked role for the lat- 

er [7] . 

Our results must be interpreted in the context of several 

trengths and limitations. We are the first group investigating the 

ssociation between time since RRSO in BRCA1/ 2 carriers and signs 

f subclinical atherosclerosis. In this study clinical data, as well as 

aboratory data and atherosclerosis measurements are included to 

rovide an insight into the CV risk profile of BRCA mutation car- 

iers. However, the cross-sectional design precludes investigating 

ausality, and the lack of a control group for measures of subclin- 

cal atherosclerosis is another limitation. Using an external refer- 

nce cohort to compare CVD risk factors also has some disadvan- 

ages, such as potential differences in measurement techniques and 

aboratory analysis. Furthermore, our study group may reflect a rel- 

tively healthy subgroup of all BRCA mutation carriers due to se- 

ection bias. Moreover, patients with high risk of CV events might 

ave developed CV events within five years after RRSO and might 

e excluded. Time since RRSO was still rather short with a rela- 

ively young age of the study group. Therefore, information on CV 

vents was not yet available. 

In conclusion, the present study showed no relation between 

ime since RRSO and signs of subclinical atherosclerosis at inter- 

ediate term as measured by CIMT and PWV in oophorectomized 

RCA1/2 mutation carriers. In contrast, a relatively healthy CVD risk 

rofile was observed. From our data, it seems unlikely that RRSO 

t a maximum age of 45 years in BRCA1/2 mutation carriers has a 

ajor contribution to the CVD risk within several years. However, 

dditional studies with longer follow-up are required to provide 

ore insight in clinical CV events after RRSO. 
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