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Abstract
This cross-sectional study aimed to investigate the effect of premenopausal risk reducing salpingo-oophorectomy (RRSO) 
on the cholesterol profile of women at increased ovarian cancer risk and to assess possible effects of age at and time since 
RRSO. We included 207 women who underwent RRSO before menopausal age (52 years) attending the family cancer clinic 
of an academic hospital and 828 age-matched women from a general population cohort (PREVEND). Participants filled out 
a questionnaire on socio-demographic characteristics, lifestyle and medical history, had anthropometric measurements and 
provided blood samples for assessment of serum levels of total cholesterol, HDL-cholesterol and non-HDL-cholesterol. The 
correlation between RRSO and cholesterol profile was assessed with logistic regression. Furthermore, subgroup analyses were 
performed to explore a possible effect of age at and time since RRSO. At a median time of 5.9 years (range 2.3–25.2) after 
surgery, RRSO was associated with low (< 60 mg/dl) HDL-cholesterol (OR 9.74, 95% CI 5.19–18.26) and high (≥ 160 mg/
dl) non-HDL-cholesterol (OR 1.85, 95% CI 1.21–2.82) when adjusting for body mass index, hormone therapy, participation 
on sports and previous chemotherapy. The observed association was not dependent on age or time since RRSO. The RRSO 
group had less smokers (19.3 vs. 25.8%) and more participation on sports (45.4 vs. 22.0%). Our results suggest that RRSO 
is associated with a more atherogenic cholesterol profile, despite a lower prevalence of smoking and higher prevalence of 
participation on sports as compared to controls. This observation can be useful for physicians involved in the counselling 
and follow-up of women having RRSO.
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Abbreviation
RRSO  Risk reducing salpingo-oophorectomy

Introduction

Risk reducing salpingo-oophorectomy (RRSO) is the most 
effective strategy for preventing ovarian cancer (OC) in 
BRCA1/2 germline mutation carriers, reducing OC risk up to 
96% [1, 2] RRSO is currently recommended to these women 
after child bearing is complete, at age 35–40 (BRCA1) and 
40–45 years (BRCA2). At this age the majority of women 
are premenopausal.

The decrease in sex hormone levels that occurs during 
menopausal transition through natural menopause affects 
body fat distribution and lipid metabolism [3] Postmenopau-
sal status is associated with higher proportions of central fat, 
an increased risk of metabolic syndrome [4] and a more ath-
erogenic lipid profile (higher levels of total, LDL-cholesterol 
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[LDL-C] and non-HDL-cholesterol [non-HDL-C], and 
lower levels of HDL-Cholesterol [HDL-C]) [5–8], which 
is associated with the development and progression of ath-
erosclerosis and an increased risk of cardiovascular disease 
(CVD) in the general population [9].

Bilateral oophorectomy causes an abrupt reduction in 
ovarian hormones, contrasting with natural menopause, a 
gradual process in which the ovaries continue to produce 
testosterone and androstenedione that can peripherally be 
aromatized to estrogen [10]. Despite its clear benefits for 
cancer prevention, RRSO has been associated with sev-
eral non-cancer outcomes [11]. Pre-menopausal bilateral 
oophorectomy is associated with increased total cholesterol 
and reduced HDL-C (i.e. a more atherogenic lipid profile) 
[8, 12], a higher prevalence of metabolic syndrome and an 
increased risk of CVD and cardiovascular mortality when 
compared to natural menopause [13–17]. The impact of 
bilateral oophorectomy when performed with the specific 
purpose of reducing OC risk on the cardiovascular risk pro-
file of women from hereditary breast and ovarian cancer 
families has not been extensively investigated yet. An asso-
ciation between RRSO and an increased risk of metabolic 
syndrome has been previously reported [18]. However, a 
recent study observed that women at increased risk of OC 
who underwent RRSO, presented a more favorable CVD risk 
profile than age-matched women [19].

Because the main goal of RRSO is to reduce morbidity 
and improve life expectancy in women with an increased 
cancer risk but who are otherwise healthy, it is important to 
investigate the potential adverse effects of RRSO, in order 
to provide women with individualized counseling and addi-
tional screening for non-oncological diseases when indi-
cated. The aim of this study was to investigate the effect of 
RRSO on the cholesterol profile of women with an increased 
OC risk as compared to age-matched women who did not 
have oophorectomy.

Patients and methods

Patients

Surgical records of all women seen at the family cancer 
clinic of the University Medical Center Groningen with 
either a BRCA1/2 mutation or a strong family history of 
breast/ovarian cancer were reviewed. We identified all 
women who had RRSO before the age of 52 years (mean 
menopausal age in the Netherlands) [20], with a follow-up 
period of at least two years after surgery. Between February 
2011 and May 2012, these women were invited to participate 
in this study. In total, 254 women were invited, of whom 
212 agreed to participate. Participants visited the outpa-
tient clinic, filled out a questionnaire on socio-demographic 

characteristics, medical history, hormonal exposure [includ-
ing use of systemic hormone replacement therapy (HRT)] 
and lifestyle, provided anthropometric measures and a blood 
sample, and had a bone mineral density measurement. 
Results on the association between RRSO and bone-related 
outcomes are available elsewhere [21, 22]. For the current 
study, patients who reported CVD before RRSO (N = 2) or 
from whom a blood sample was not available for analyses 
(N = 3) were excluded, and 207 remained for analyses. This 
study was considered extended standard care by the institu-
tional ethics review board. All participants provided written 
informed consent.

Age‑matched women

Data from an age-matched group of women were acquired 
from the database of the PREVEND (Prevention of REnal 
and Vascular ENdstage Disease) study. In that study, all 
inhabitants of the city of Groningen aged between 28 and 
75 years were invited to send a urine sample and to fill out a 
questionnaire on socio-demographic characteristics, hormo-
nal exposure (including use of systemic HRT), medical his-
tory and lifestyle. Subjects with a urinary albumin concen-
tration ≥ 10 mg/L and a randomly selected group of subjects 
with urinary albumin < 10 mg/L were invited to participate 
in the study. Participants were followed-up at regular time 
intervals (every 3–4 years) with anthropometric measure-
ments, blood analysis, and a questionnaire on demographic 
characteristics, general health and lifestyle factors. Details 
of this cohort are described elsewhere [23]. Of the 8592 
subjects enrolled, we selected all women who attended the 
third follow-up visit to the study clinic, between June 2003 
and February 2006 (N = 2890). Women who reported hys-
terectomy or oophorectomy and/or a previous myocardial 
infarction (N = 700) were excluded. From the remaining 
2190 women, we randomly allocated 4 age-matched women 
per study subject.

Blood analysis

All individuals from both the RRSO and age-matched group 
provided a blood sample. Women from the age-matched 
group were asked to fast before providing a blood sample, 
while women from the RRSO group were not. For the RRSO 
group, total cholesterol, and HDL-C were measured with 
enzymatic methods (Roche/Hitachi modular analytics); for 
the age-matched control women, total cholesterol was esti-
mated by a dry chemistry method (Eastman Kodak, Roches-
ter, New York) and HDL-C was measured by a homogeneous 
method (direct HDL, Aeroset System; Abbott Laboratories, 
Abbott Park, Illinois). Non-HDL-C was calculated based on 
total cholesterol and HDL-C.
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Statistical analyses

Characteristics of the RRSO group and the age-matched 
women were described. Differences between groups were 
assessed with t-tests or Mann–Whitney’s test for continuous 
variables and with  Chi2 or Fisher’s exact tests for categorical 
variables.

The main outcome-measures of this study were serum 
levels of total cholesterol, non-HDL-C and HDL-C. Total 
cholesterol was classified as high when ≥ 200 mg/dl, non-
HDL-C was classified as high when ≥ 160 mg/dl and HDL-C 
was classified as low when < 60 mg/dl. We chose to clas-
sify cholesterol levels in this dichotomic manner (altered or 
not) in order to investigate whether RRSO was associated 
with differences on lipid profile that could lead to changes 
in patient management. Univariate logistic regression was 
applied to assess the correlation between factors covered 
by the questionnaire and the evaluated outcomes. The cor-
relation between RRSO and total cholesterol (classified 
as normal vs. high), non-HDL-C (classified as normal vs. 
high) and HDL-C levels (classified as normal vs. low) was 
assessed with multivariate logistic regression, adjusting for 
possible confounders.

To explore potential differences on the impact on cho-
lesterol profile of RRSO performed at an earlier age 
(< 45 years) and RRSO performed at a later age (≥ 45 years), 
a subgroup analysis was performed, stratifying women 
from the RRSO group according to age at surgery (< 45 or 
≥ 45 years) and comparing women in each group to their 
respective controls. The cut-off age of 45 years was cho-
sen based on a previous report [17]. To explore a possible 
effect of duration of hormonal depletion on total cholesterol, 
non-HDL-C and HDL-C levels, another subgroup analysis 
was performed, stratifying women from the RRSO group 
according to the time interval between RRSO and follow-up 
assessment (< 5 vs. ≥ 5 years) and comparing each group to 
their respective controls. All previous tests were repeated in 
both subgroup analyses, comparing each subgroup with their 
respective age-matched controls.

Because treatment for breast cancer and HRT may impact 
cardiovascular health, sensitivity analyses were performed 
to investigate the potential impact of these factors in our 
results. In a first analysis all women from the RRSO group 
with a history of breast cancer and their respective controls 
were excluded. For the second sensitivity analysis all women 
from the RRSO group who reported ever use of HRT and 
their respective controls were excluded. All tests previously 
performed were repeated in these subsets of women. To fur-
ther investigate a possible impact of HRT on cholesterol 
profile, another sensitivity analysis was performed including 
only women from the RRSO group, applying logistic regres-
sion models to investigate the association between HRT use 
and cholesterol profile.

The association between the factors assessed and the 
outcomes was described with odds ratios (ORs) and 95% 
confidence intervals (95% CI), and p-values ≤ 0.05 were 
considered statistically significant. Random allocation of 
age-matched women was performed with R-Studio Version 
0.98.1091 and statistical analyses were performed with 
IBM SPSS version 20.0 (IBM Corp., NY-USA).

Results

Study population

In total 207 women who had RRSO at premenopausal age 
and 828 age-matched women were included, at a mean 
age of 49.0 years (SD: 6.2). The mean age at RRSO was 
42.7 years (SD: 5.3) and the median time interval between 
RRSO and assessment was 5.9 years (range 2.3–25.2).

Women from the RRSO group had significantly higher 
BMI than age-matched women (median 25.9 vs. 24.9 kg/
m2). A significantly lower proportion of women in the 
RRSO group reported ever smoking (61.4 vs. 71.9%), 
while a larger proportion of women from the RRSO 
group reported regular participation on sports (63.3 vs. 
47.9%), ever use of oral contraceptives (94.7 vs. 33.5%), 
HRT at any age (48.3 vs. 6.4%), and paid work (87.2 vs. 
63.0%), compared to the age-matched women. A total of 
77 (37.2%) women in the RRSO group had a history of 
cancer, compared to 41 (5.0%) of the age-matched women 
(Table 1).

Total cholesterol

Women from the RRSO group presented higher levels 
of total cholesterol than age-matched women (213.5 vs. 
208.7 mg/dl), although this difference was not significant. 
After adjusting for BMI, ever use of HRT, chemotherapy and 
practice of sports, no correlation between RRSO and high 
cholesterol levels was observed (Table 2).

Non‑HDL‑C

Women in the RRSO group presented significantly higher 
levels of non-HDL-C than age-matched women (170.6 
vs. 148.6 mg/dl), and a higher proportion of women after 
RRSO presented high non-HDL-C compared to age-matched 
women (58.0 vs. 37.7%; Table 1). RRSO was significantly 
associated with high non-HDL-C levels (OR 1.85; 95% CI 
1.21–2.82), even after adjusting for BMI, ever use of HRT, 
chemotherapy and practice of sports (Table 2).
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Table 1  Demographic, health 
and lifestyle characteristics of 
women after RRSO and age-
matched women

RRSO risk reducing salpingo-oophorectomy, SD standard deviation, BMI body mass index, FUP follow-up, 
HRT hormone therapy
a Based on self-reported information for RRSO group and on pharmacy records for the age-matched women 
group
b ≥ 2 h/week for women who had RRSO and ≥ 2 times a week for age-matched women

Women after RRSO 
(n = 207)

Age-matched women 
(n = 828)

p-Value

Mean age in years (SD) 49.0 (6.2) 49.0 (6.2) 1.00
Mean age at RRSO in years (SD) 42.7 (5.3) – –
Median interval since RRSO in years (range) 5.9 (2.3–25.2) – –
Median BMI in kg/m2 (range) 25.9 (18.1–54.1) 24.9 (16.8–61.0) 0.01
Diabetes (ever reported during FUP)a 5/207 (2.4%) 14/828 (1.7%) 0.56
Hypertension (ever reported during FUP)a 28/207 (13.5%) 152/828 (18.4%) 0.10
Dyslipidemia (ever reported during FUP)a 13/207 (6.3%) 50/828 (6.0%) 0.90
Smoking (ever) 127/207 (61.4%) 595/828 (71.9%) < 0.01
Smoking (current) 40/207 (19.3%) 213/828 (25.8%) 0.054
Sport (any) 131/207 (63.3%) 396/826 (47.9%) < 0.01
Sport (> 2/week)b 94/207 (45.4%) 182/826 (22.0%) < 0.01
Ever use of oral contraceptives 196/207 (94.7%) 277/828 (33.5%) < 0.01
Ever use of HRT 100/207 (48.3%) 53/828 (6.4%) < 0.01
Post-menopausal status 207/207 (100%) 333/820 (40.6%) < 0.01
Paid work 164/188 (87.2%) 517/820 (63.0%) < 0.01
Cancer 77/207 (37.2%) 41/828 (5.0%) < 0.01
Chemotherapy 57/207 (27.5%) 2/828 (0.2%) < 0.01
Radiotherapy 48/207 (23.2%) 0/828 (0.0%) < 0.01
BRCA1/2 mutation 176/207 (85.0%) – –
Cholesterol levels
 Mean total cholesterol in mg/dl (SD) 213.5 (46.7) 208.7 (39.4) 0.14
 Mean non-HDL-C in mg/dl (SD) 170.6 (49.1) 148.6 (39.1) < 0.01
 Mean HDL-C in mg/dl (SD) 42.8 (14.1) 59.9 (14.5) < 0.01
 High cholesterol (≥ 200 mg/dl) 130/207 (62.8%) 477/828 (57.6%) 0.18
 High non-HDL-C (≥ 160 mg/dl) 120/207 (58.0%) 312/828 (37.7%) < 0.01
 Low HDL-C (< 60 mg/dl) 182/207 (87.9%) 446/828 (53.9%) < 0.01

Table 2  Logistic regression 
analyses of the association 
of RRSO and possible 
confounding factors

RRSO risk reducing salpingo-oophorectomy, OR odds ratio, BMI body mass index, HRT hormone therapy
a Adjusted for BMI and HRT
b Adjusted for BMI, HRT, chemotherapy and practice of sports

High total cholesterol High non-HDL-C Low-HDL-C

OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Univariate
 RRSO 1.24 0.91–1.70 0.18 2.28 1.67–3.11 < 0.01 6.24 4.02–9.68 < 0.01
 BMI > 25 kg/m2 1.58 1.23–2.03 < 0.01 2.11 1.64–2.71 < 0.01 2.15 1.67–2.77 < 0.01
 Use of HRT 1.31 0.91–1.86 0.14 1.87 1.32–2.64 < 0.01 2.26 1.53–3.36 < 0.01
 Smoking (ever) 1.03 0.79–1.35 0.83 1.13 0.87–1.49 0.36 0.84 0.64–1.10 0.21
 Sport 0.85 0.66–1.09 0.20 0.78 0.61–1.00 0.05 0.72 0.56–0.93 0.01
 Paid work 0.84 0.64–1.10 0.21 0.89 0.68–1.16 0.38 1.06 0.81–1.38 0.69
 Chemotherapy 1.65 0.93–2.91 0.08 2.29 1.34–3.93 < 0.01 2.66 1.40–5.08 < 0.01

Multivariate
 RRSOa 1.12 0.78–1.60 0.54 2.02 1.41–2.88 < 0.01 6.29 3.87–10.22 < 0.01
 RRSOb 0.94 0.62–1.44 0.79 1.85 1.21–2.82 0.01 9.74 5.19–18.26 < 0.01
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HDL‑C

The RRSO group presented significantly lower HDL-C lev-
els than age-matched women (42.8 vs. 59.9 mg/dl), as well 
as a higher proportion of women with low HDL-C (87.9 vs. 
53.9%; Table 1). RRSO was significantly associated with 
low HDL-C levels (OR 9.74; 95% CI 5.19–18.26) when 
adjusting for BMI, ever use of HRT, chemotherapy and 
practice of sports (Table 2).

Subgroup analyses

After stratifying the cohort according to age at surgery (< 45 
and ≥ 45 years) similar results were observed. After adjust-
ing for possible confounders (BMI, ever use of HRT, pre-
vious chemotherapy and practice of sports) no significant 
association between RRSO and high total cholesterol was 
observed neither for women who had RRSO < age 45 years 
(N = 137 women with RRSO and 548 age-matched women) 
nor for women who had RRSO ≥ age 45  years (N = 70 
women with RRSO and 280 age-matched women). A sig-
nificant correlation between RRSO and high non-HDL-C 
was observed for women who had RRSO ≥ age 45 years 
(OR 2.04, 95% CI 1.04–4.00) but not for those who had 
RRSO before that age. RRSO was significantly associ-
ated with low HDL-C levels both among women who had 
RRSO < age 45 years (OR 14.65, 95% CI 5.45–39.40) and 
among women who had RRSO ≥ age 45 years (OR 6.97, 
95% CI 2.96–16.39; Table 3). When stratifying the cohort 
according to time interval between RRSO and assessment, 
the association between RRSO and HDL-C remained sig-
nificant both for women who had RRSO < 5 years before 
assessment (N = 72 women with RRSO and 288 age-
matched women; OR 8.45; 95% CI 2.51–28.40) and for 
those who had RRSO ≥ 5 years before assessment (N = 135 
women with RRSO and 540 age-matched women; OR 9.48; 
95% CI 4.47–20.09), while the association between RRSO 
and high non-HDL-C was only significant for women who 
had RRSO < 5 years before assessment (OR 3.30, 95% CI 
1.41–7.74). No significant association between RRSO and 
total cholesterol levels was observed in either of these sub-
groups (Table 3).

On a sensitivity analysis excluding women from the 
RRSO group who reported previous breast cancer (N = 77) 
and their respective age-matched group (N = 308), the asso-
ciation between RRSO and high non-HDL-C and between 
RRSO and low HDL-C levels remained significant even 
after adjusting for possible confounders (OR 2.19; 95% CI 
1.29–3.72 and OR 7.60; 95% CI 3.56–16.22, respectively), 
while no association was observed between RRSO and 
total cholesterol. When restricting the analyses to women 
from the RRSO group who declared never having used 
HRT (N = 107) and their respective age-matched women 

(N = 428) significant associations between RRSO and high 
non-HDL-C and between RRSO and low HDL-C levels were 
observed after adjusting for confounders (OR 1.81; 95% CI 
1.04–3.17 and OR 5.91; 95% CI 2.76–12.63, respectively), 
while no association between RRSO and total cholesterol 
was observed (Table 3). When restricting the analysis to 
women from the RRSO group, no significant associations 
were observed between HRT use and total cholesterol, non-
HDL-C or HDL-C.

Discussion

In this cohort study including 207 women with RRSO and 
828 age-matched women, it was observed that after a median 
follow-up time of 5.9 years, women in the RRSO group had 
significantly higher levels of non-HDL-C and lower levels 
of HDL-C than age-matched women without oophorectomy. 
After adjusting for BMI, ever use of HRT, previous chemo-
therapy and participation on sports, RRSO was still signifi-
cantly associated with increased non-HDL-C (OR 1.85; 95% 
CI 1.21–2.82) and with decreased HDL-C (OR 9.74; 95% CI 
5.19–18.26). The association and the strength of the associa-
tion between RRSO and HDL-C were observed regardless 
of age at RRSO or the time-interval between RRSO and 
assessment.

Serum levels of HDL-C and non-HDL-C correlate 
with cardiovascular risk [9, 24] and it has been suggested 
that lipid assessment can be simplified to total cholesterol 
and HDL-C measurement [24], which are the lipid levels 
accounted for in the most widely used algorithms for assess-
ing the risk of cardiovascular events [25, 26].

To the best of our knowledge, only two previous studies 
investigated the cardio-metabolic risk profile after RRSO 
in women from hereditary breast and ovarian cancer fami-
lies, indicating that although RRSO was associated with a 
higher prevalence of metabolic syndrome [18], women who 
had RRSO presented an overall healthier cardiovascular 
risk profile than age-matched women [19]. Those studies 
also observed higher levels of physical activity and a lower 
proportion of smokers in the RRSO group. It is possible 
that this highly selected group of women with a hereditary 
high risk of OC who chose to go through RRSO, facing its 
potential consequences in order to reduce their cancer risk, 
has an increased awareness of their health risks and may 
have a healthier lifestyle than age-matched women [19]. In 
the present study, although a significantly higher proportion 
of women in the RRSO group reported regular practice of 
sports and a lower proportion reported smoking, they pre-
sented a more atherogenic lipid profile than age-matched 
women.

Possible explanations for the contrasting results observed 
in the present analyses and in one of the aforementioned 
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studies [19] are that only 68% of women included in the for-
mer study had RRSO at age 52 or younger, while all women 
in the current study had RRSO before that age. It has been 
suggested that women who had an early oophorectomy are 
at an increased risk of cardiovascular disease when com-
pared to women who had oophorectomy at later ages [14, 17, 
27]. Hence it is plausible that RRSO performed at younger 
age has a more pronounced impact on lipid metabolism 
than when performed at older age (e.g. after age of natural 
menopause). To explore a possible impact of age at RRSO 
on the lipid profile, we performed subgroup analyses strati-
fied according to age at surgery. Although the association 
between RRSO and high non-HDL-C was only significant 
for women who had RRSO ≥ age 45 years, a significant asso-
ciation between RRSO and lower HDL-C was observed both 
for women who had surgery < age 45 (OR 14.65, 95% CI 
5.45–39.40) and ≥ age 45 (OR 6.97, 95% CI 2.96–16.39). 
Although these results do not confirm the hypothesis that 
early RRSO has a stronger impact on lipid profile than 
RRSO at later ages, the number of women included in each 
subgroup was limited, which was reflected by wide con-
fidence intervals. This uncertainty in the estimates could 
explain the lack of a significant effect of early age at RRSO 
on its impact on lipid profile.

Furthermore, women included in the current study were 
on average younger than in the former study (mean age 
48.7 vs. 54.4). It is possible that women who had RRSO 
only have a less favorable lipid profile when compared to 
premenopausal women, and once all women reach natural 
menopause, this difference can no longer be observed. To 
explore the possible impact of time interval after RRSO, an 
analysis stratified according to time interval between surgery 
and assessment was performed. The association between 
RRSO and non-HDL-C was only significant for women 
with < 5 years of follow-up. Nevertheless, RRSO was asso-
ciated with lower HDL-C both in the group with follow-up 
< 5 years (OR 8.45; 95% CI 2.51–28.40), and ≥ 5 years (OR 
9.48; 95% CI 4.47–20.09).

Strengths of this study are the inclusion of a control arm 
with age-matched women and that all women in the RRSO 
group had surgery before age 52 (mean age of natural men-
opause). Furthermore, age-matched women were selected 
from a cohort that covers the population of the same geo-
graphical area where the RRSO group was ascertained.

Limitations are that information on medical history and 
lifestyle was self-reported and collected in different time-
frames for the RRSO (2011–2012) and control groups 
(2003–2006). However, there is no evidence that lifestyle 
and lipid profile varied significantly in the population under 
study during this period of time and therefore this should not 
have any impact on the results of this study. Moreover we 
did not have detailed information on age at start and dura-
tion of HRT use, and could not investigate its impact on the RR
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cholesterol profile in more detail. Although HRT use for 
prevention of cardiovascular disease is a historically contro-
versial topic, recent studies show compelling evidence that 
HRT use after surgical menopause is associated with cardio-
vascular protection, especially when initiated immediately 
after surgery [28]. Other limitations are that only patients 
who were alive at the time of assessment were included and 
results might be influenced by survival bias. However, we 
assume this effect to be very small because only 10 of the 
women initially identified were deceased, none of them due 
to cardiac causes. Furthermore, information on other factors 
that might impact cardiovascular risk such as cholesterol 
levels previous to RRSO, diet, blood pressure, serum lev-
els of LDL-C and triglycerides, as well as family history 
of cardiovascular disease was not available and could not 
be controlled for. The incidence of cardiovascular events 
was also not investigated, since such events might take a 
very long time to occur and its assessment would require a 
longer follow-up time. Furthermore, the power of subgroup 
analyses may have been limited by the modest sample size 
of each subgroup. It is also important to note that women 
from the RRSO group were not asked to fast before provid-
ing a blood sample, while the age-matched women were. 
This might have led to a small difference in total cholesterol 
concentrations, but the documented size of this effect is not 
large enough to explain the difference that we found [29, 
30]. Another potential limitation is the fact that two differ-
ent laboratory assessment techniques have been applied for 
measurement of circulating lipid concentrations. Tough it 
cannot be excluded that this explains differences, this is very 
unlikely, because in the Netherlands, important laboratory 
assays like those for total cholesterol and HDL-cholesterol 
are tightly controlled and differences between laboratories 
minimized by means of proficiency testing procedures coor-
dinated by the Dutch Foundation for Quality Assessment in 
Medical Laboratories (SKML).

A significantly larger proportion of women in the RRSO 
group had cancer (37.2 vs. 5.0%) and received chemo-
therapy (27.5 vs. 0.2%) than in the group of age-matched 
women, and chemotherapy has been associated with meta-
bolic changes [31, 32]. Since only two of the age-matched 
women had received chemotherapy, it was not possible to 
fully investigate its impact on our results. To account for 
differences between the study groups, we performed a 
sensitivity analysis, excluding all women who had cancer 
and their respective age-matched women, the associations 
between RRSO and high non-HDL-C and between RRSO 
and low HDL-C were still observed. Ideally, to explore the 
impact of RRSO on cholesterol profile, women who had 
RRSO should be compared to women at increased risk of 
OC who chose not to have RRSO. This would insure that 
baseline characteristics that could impact several aspects of 
their health were more comparable between both groups. 

However, RRSO uptake among women at increased risk of 
ovarian cancer is considerably high, which makes it difficult 
to assemble a sufficiently large group of women who chose 
not to have RRSO.

This study indicates that pre-menopausal RRSO is 
associated with higher serum levels of non-HDL-C, and 
lower serum levels of HDL-C. RRSO was associated with 
low HDL-C levels regardless of the age at which surgery 
was performed or the duration of hormonal depletion. The 
observed associations were found despite a healthier life-
style and could not be attributed to previous chemotherapy 
or HRT use. When confirmed in further studies these results 
could have implications for the pre-operative counseling and 
for the long-term follow-up after RRSO, by raising aware-
ness over the possibly more atherogenic cholesterol profile 
of these women. When longer follow-up times are available, 
it would be interesting to assess the incidence of cardiovas-
cular events in women who had RRSO compared to age-
matched women in a prospective study.

Author contributions All authors significantly contributed to the study 
conception and design. NT, IEF and SJLB participated in data collec-
tion. NT processed and analysed the data under supervision of GHdeB. 
All authors contributed for the writing and editing of the manuscript. 
All saw and approved the final version of the submitted manuscript.

Compliance with ethical standards 

Conflict of interest The authors declare no conflict of interest.

Ethical approval All procedures performed in this study were in 
accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Rebbeck TR, Lynch HT, Neuhausen SL et al (2002) Prophylactic 
oophorectomy in carriers of BRCA1 or BRCA2 mutations. N Engl 
J Med 346:1616–1622

 2. Rebbeck TR, Kauff ND, Domchek SM (2009) Meta-analysis of 
risk reduction estimates associated with risk-reducing salpingo-
oophorectomy in BRCA1 or BRCA2 mutation carriers. J Natl 
Cancer Inst 101:80–87

 3. Polotsky HN, Polotsky AJ (2010) Metabolic implications of men-
opause. Semin Reprod Med 28:426–434

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


27Cholesterol profile in women with premature menopause after risk reducing…

1 3

 4. Carr MC (2003) The emergence of the metabolic syndrome with 
menopause. J Clin Endocrinol Metab 88:2404–2411

 5. Anagnostis P, Stevenson JC, Crook D, Johnston DG, Godsland IF 
(2015) Effects of menopause, gender and age on lipids and high-
density lipoprotein cholesterol subfractions. Maturitas 81:62–68

 6. Matthews KA, Crawford SL, Chae CU et al (2009) Are changes 
in cardiovascular disease risk factors in midlife women due to 
chronological aging or to the menopausal transition? J Am Coll 
Cardiol 54:2366–2373

 7. Cifkova R, Krajcoviechova A (2015) Dyslipidemia and cardiovas-
cular disease in women. Curr Cardiol Rep 17:52

 8. Barton M (2013) Cholesterol and atherosclerosis: modulation by 
oestrogen. Curr Opin Lipidol 24:214–220

 9. Robinson JG, Wang S, Smith BJ, Jacobson TA (2009) Meta-
analysis of the relationship between non-high-density lipoprotein 
cholesterol reduction and coronary heart disease risk. J Am Coll 
Cardiol 53:316–322

 10. Fogle RH, Stanczyk FZ, Zhang X, Paulson RJ (2007) Ovarian 
androgen production in postmenopausal women. J Clin Endo-
crinol Metab 92:3040–3043

 11. Cohen JV, Chiel L, Boghossian L et al (2012) Non-cancer end-
points in BRCA1/2 carriers after risk-reducing salpingo-oopho-
rectomy. Fam Cancer 11:69–75

 12. Akahoshi M, Soda M, Nakashima E, Shimaoka K, Seto S, Yano 
K (1996) Effects of menopause on trends of serum cholesterol, 
blood pressure, and body mass index. Circulation 94:61–66

 13. Dorum A, Tonstad S, Liavaag AH, Michelsen TM, Hildrum 
B, Dahl AA (2008) Bilateral oophorectomy before 50 years of 
age is significantly associated with the metabolic syndrome and 
Framingham risk score: a controlled, population-based study 
(HUNT-2). Gynecol Oncol 109:377–383

 14. Atsma F, Bartelink ML, Grobbee DE, van der Schouw YT (2006) 
Postmenopausal status and early menopause as independent risk 
factors for cardiovascular disease: a meta-analysis. Menopause 
13:265–279

 15. Lobo RA (2007) Surgical menopause and cardiovascular risks. 
Menopause 14:562–566

 16. Colditz GA, Willett WC, Stampfer MJ, Rosner B, Speizer FE, 
Hennekens CH (1987) Menopause and the risk of coronary heart 
disease in women. N Engl J Med 316:1105–1110

 17. Rivera CM, Grossardt BR, Rhodes DJ et al (2009) Increased car-
diovascular mortality after early bilateral oophorectomy. Meno-
pause 16:15–23

 18. Michelsen TM, Pripp AH, Tonstad S, Trope CG, Dorum A (2009) 
Metabolic syndrome after risk-reducing salpingo-oophorectomy 
in women at high risk for hereditary breast ovarian cancer: a con-
trolled observational study. Eur J Cancer 45:82–89

 19. Michelsen TM, Tonstad S, Pripp AH, Trope CG, Dorum A (2010) 
Coronary heart disease risk profile in women who underwent 

salpingo-oophorectomy to prevent hereditary breast ovarian can-
cer. Int J Gynecol Cancer 20:233–239

 20. van Disseldorp J, Faddy MJ, Themmen AP et al (2008) Rela-
tionship of serum antimullerian hormone concentration to age at 
menopause. J Clin Endocrinol Metab 93:2129–2134

 21. Fakkert IE, van der Veer E, Abma EM et al (2017) Elevated bone 
turnover markers after risk-reducing salpingo-oophorectomy in 
women at increased risk for breast and ovarian cancer. PLoS ONE 
12:e0169673

 22. Fakkert IE, Abma EM, Westrik IG et al (2015) Bone mineral 
density and fractures after risk-reducing salpingo-oophorectomy 
in women at increased risk for breast and ovarian cancer. Eur J 
Cancer 51:400–408

 23. Diercks GF, van Boven AJ, Hillege HL et al (2000) Microalbu-
minuria is independently associated with ischaemic electrocar-
diographic abnormalities in a large non-diabetic population. The 
PREVEND (Prevention of REnal and Vascular ENdstage Disease) 
study. Eur Heart J 21:1922–1927

 24. Emerging Risk Factors Collaboration, Di Angelantonio E, Sarwar 
N et al (2009) Major lipids, apolipoproteins, and risk of vascular 
disease. JAMA 302:1993–2000

 25. D’Agostino RBS, Vasan RS, Pencina MJ et al (2008) General car-
diovascular risk profile for use in primary care: the Framingham 
Heart Study. Circulation 117:743–753

 26. Conroy RM, Pyorala K, Fitzgerald AP et al (2003) Estimation of 
ten-year risk of fatal cardiovascular disease in Europe: the SCORE 
project. Eur Heart J 24:987–1003

 27. Lokkegaard E, Jovanovic Z, Heitmann BL, Keiding N, Ottesen 
B, Pedersen AT (2006) The association between early menopause 
and risk of ischaemic heart disease: influence of Hormone Ther-
apy. Maturitas 53:226–233

 28. Sarrel PM, Sullivan SD, Nelson LM (2016) Hormone replacement 
therapy in young women with surgical primary ovarian insuffi-
ciency. Fertil Steril 106:1580–1587

 29. Nordestgaard BG, Langsted A, Mora S et al (2016) Fasting is not 
routinely required for determination of a lipid profile: clinical and 
laboratory implications including flagging at desirable concentra-
tion cut-points-a joint consensus statement from the European 
Atherosclerosis Society and European Federation of Clinical 
Chemistry and Laboratory Medicine. Eur Heart J 37:1944–1958

 30. Mora S (2016) Nonfasting for routine lipid testing: from evidence 
to action. JAMA Intern Med 176:1005–1006

 31. Gadea E, Thivat E, Planchat E, Morio B, Durando X (2012) 
Importance of metabolic changes induced by chemotherapy on 
prognosis of early-stage breast cancer patients: a review of poten-
tial mechanisms. Obes Rev 13:368–380

 32. Meinardi MT, Gietema JA, van Veldhuisen DJ, van der Graaf WT, 
de Vries EG, Sleijfer DT (2000) Long-term chemotherapy-related 
cardiovascular morbidity. Cancer Treat Rev 26:429–447


	Cholesterol profile in women with premature menopause after risk reducing salpingo-oophorectomy
	Abstract
	Introduction
	Patients and methods
	Patients
	Age-matched women
	Blood analysis
	Statistical analyses

	Results
	Study population
	Total cholesterol
	Non-HDL-C
	HDL-C
	Subgroup analyses

	Discussion
	References


