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Abstract

Background: Increased access to and indications for genetic testing will lead to more women undergoing risk-reducing salpingo-oophorectomy
(RRSO), with a potential impact on sexual function.
Aim: Our objective was to prospectively investigate (1) sexual function in women with pathogenic variant (PV) in BRCA1/2 genes, before and 1
year after RRSO, and to compare with a healthy age-matched control group and (2) to study if testosterone levels correlate with sexual functioning
after RRSO.
Methods: A prospective observational follow-up study of 43 BRCA1/2-PV carriers planned for RRSO and 73 healthy-age matched controls. Data
including personal medical history, the Female Sexual Function Index (FSFI) and blood samples for analysis of testosterone by tandem mass
spectrometry and free androgen index (FAI) were collected before and 1 year after surgery or at inclusion (controls).
Outcomes: Sexual function and testosterone levels following RRSO.
Results: Median age in the RRSO group was 42 years at baseline, 55.8% were premenopausal and 53.5% had a history of breast cancer.
The RRSO group had significantly lower median FSFI total score (P < .001), lower scores of all 6 FSFI domains (P < .001), as well as a higher
proportion of female sexual dysfunction (FSD) (P < .001) compared to the control group at 1 year after surgery. In the RRSO group, users of
menopausal hormone therapy (MHT) had a significantly higher median FSFI total score compared with the nonusers both at baseline (P = .023)
and follow-up (P = .010). The proportion of FSD was significantly higher in the non-MHT group at both baseline (P = .041) and follow-up (P = .009).
FAI was significantly lower in the RRSO group when compared to the controls at 1-year follow-up (P = .041); however, no significant correlations
between testosterone levels and FSFI scores were found.
Clinical implications: The results highlight the need to counsel BRCA1/2-PV carriers before RRSO and offer a structured follow-up and support
addressing sexual function and impact of MHT use.
Strengths and Limitations: The main strength of this study is its prospective design with age-matched controls. Limitation is a small sample size.
Conclusion: Our findings show that sexual function deteriorated 1 year after RRSO independent of testosterone levels, and the proportion with
impaired sexual function was higher compared to healthy age-matched controls.

Keywords: risk-reducing salpingo-oophorectomy; BRCA; menopausal hormone therapy; sexual function; testosterone; free androgen index; female sexual
function index.

Introduction

Women with pathogenic variant (PV) of breast cancer sus-
ceptibility genes BRCA1 and BRCA2 are predisposed to
breast and ovarian cancer.1 There is no effective screening for
ovarian cancer, and therefore, current guidelines recommend
risk-reducing salpingo-oophorectomy (RRSO) at 35-40 years
of age for BRCA1 and 40-45 years for BRCA2.1,2 Removal
of the ovaries and the fallopian tubes reduces the risk of
epithelial ovarian cancer and all-cause mortality in this high-
risk group.3,4

RRSO in premenopausal women will induce surgi-
cal menopause, which is associated with early onset of
menopausal symptoms and impaired sexual functioning, as
well as increased risk of cardiovascular disease, bone loss, and

cognitive dysfunction.5,6 To reduce negative health effects,
current guidelines recommend menopausal hormone therapy
(MHT) after RRSO until the age of natural menopause if there
are no contraindications.7-9 Several studies have reported that
MHT can alleviate adverse effects on sexual function but not
to presurgical levels.5,10-13

Besides estrogen loss, RRSO also results in 25-50% reduc-
tion of serum testosterone in both pre- and postmenopausal
women.14 Low testosterone may impair sexual life.15 More-
over, testosterone treatment has been shown to improve sexual
desire in postmenopausal women with decreased libido.16

The association between sexual dysfunction and endogenous
androgen levels in women have been explored with diverging
results.15,17-22
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The objective of this study was to prospectively investi-
gate sexual function in BRCA1/2-PV carriers. Does sexual
function in BRCA1/2 carriers deteriorates 1 year after RRSO
in comparison to a healthy age-matched control group? Do
testosterone levels correlate with sexual functioning after
RRSO?

Materials and Methods

Study design and participants

This is a prospective observational follow-up study. Women
scheduled for RRSO at the Department of Obstetrics and
Gynecology, Karolinska University Hospital, were invited to
participate in the study. The indication for preventive surgery
was a PV in the BRCA1 or BRCA2-gene. Exclusion criteria
were not being able to read and understand the study infor-
mation. Recruitment and 1-year follow up lasted between
October 2011 and March 2020.

Controls were recruited at screening for cervical dysplasia,
contraceptive counseling, or via social media. Inclusion crite-
ria for the controls were BMI 18-29 kg m−2, comparable age
as the RRSO women (±1 year) at 1-year follow-up, sexually
active, ability to understand the study information and at least
have one ovary in situ. Exclusion criteria were severe illness,
pregnancy, current breastfeeding, hormonal contraception,
systemic MHT, prior cancer or known hereditary cancer in
the family.

The Regional Ethical Review Board in Stockholm approved
the study (2010/661-31/1; amendment 2016/799-32). Written
informed consent was obtained from all participants.

Study procedures

All participants completed questions on their medical and
reproductive history including ongoing medication and
lifestyle factors. Sexual function was assessed using a validated
questionnaire as described below. Women in the RRSO group
completed the questionnaire at baseline before surgery and
approximately 1 year after surgery. Serum was stored at −20o

until analysis. Due to practical reasons, the blood sampling
could not be performed standardized according to menstrual
cycle day or time of the day. The controls completed the
questionnaire and gave a blood sample at one time point.

Sexual function

Sexual function was assessed by the Female Sexual Function
Index (FSFI), which is a validated questionnaire for healthy
women, as well as for cancer survivors.23,24 It contains 19-
items assessing 6 domains of sexual functioning reported for
the last month: desire, arousal, lubrication, orgasm, satisfac-
tion, and pain. The total score (2–36) is obtained by summing
the 6 domains. A higher score means better sexual functioning.
A score below 26.55 is considered as female sexual dys-
function (FSD).24,25 A sensitivity analysis, including only
participants considered to be sexually active, was performed
(Supplemental Data 1).26

Hormone analyses

Total testosterone was measured by liquid chromatography
tandem mass spectrometry (LC–MS/MS) and serum levels
of sex hormone-binding globulin (SHBG) were determined
by electrochemiluminescence immunoassay (ELISA). Free

androgen index (FAI) was calculated with the equation total
testosterone/SHBG × 100.

Power calculation

A power calculation was conducted prior to the study which
had a primary outcome of a change in sexual function fol-
lowing RRSO, as measured by the FSFI subscales. Based on
the available data a sample size of 30 would provide 80%
power at a 2-sided 5% level of significance to detect a clinical
difference in sexual function between groups.23,25

Statistics

Descriptive characteristics are presented as median and
interquartile range for numerical variables and as frequencies
and percentages for categorical variables. In the cross-
sectional analyses of the demographic characteristics and
FSFI, differences between the RRSO and the control group
were investigated using Wilcoxon rank-sum test for numerical
variables and Fisher’s exact test for categorical variables. In
the longitudinal analyses, Wilcoxon signed-rank test was used
for numerical variables and McNemar’s test was used for the
categorized total FSFI score.

The association between the FSFI score at follow-up
and FSFI total score at baseline, history of breast cancer,
menopausal status at baseline, MHT use postoperatively and
age was studied using median regression with the default
settings of the rq function of the quantreg R package.27 To
investigate the correlation between testosterone levels and
sexual functioning, Spearman’s correlation coefficients were
calculated and median regression analysis was performed.

Subgroup analyses were performed according to menopausal
status at baseline, history of breast cancer and MHT use at
follow-up. For individuals with isolated missing data in the
FSFI questionnaire, imputation of the mean value for the
domain was applied.28,29 If more than half of the data within
the domains was missing, the participant was excluded from
the analysis. The full FSFI score was calculated for women
with no missing domains.

A P <.05 was considered statistically significant. All data
from the questionnaires and the clinical trial have been ana-
lyzed in R version 4.2.2.30

In the Supplemental Data, we provide a complementary
methods section with details about sexual function and hor-
monal measurements, MHT, bias and statistical analysis.

Results

Out of the 65 invited BRCA1/2-PV carriers planned for
RRSO, 54 were eligible and included (Figure 1). Drop-outs are
described in Figure 1. Forty-three participants in the RRSO
group completed the study. In the loss to follow-up analysis,
demographic data was similar between groups (data not
shown). Seventy-five age-matched controls met the inclusion
criteria and consented to participate. Of them 73 women,
with complete questionnaires, were included in the analyses
(Figure 1).

The characteristics of the study participants are presented
in Table 1. At baseline, median age in the RRSO group
was 42.0 years, 55.8% were premenopausal, and 53.5 %
had a personal history of breast cancer. At 1-year follow-
up, there was no change in partnership status and no
new cases of breast cancer developed during the study

https://academic.oup.com/smoa/article-lookup/doi/10.1093/sexmed/qfae078#supplementary-data
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Figure 1. Flowchart.

period (Supplementary Table 1); however, there was a
significant increase in MHT use. Of the women with no
history of breast cancer (n = 20), 11 premenopausal and 2
postmenopausal women were MHT users. There were no
significant differences between the RRSO group at 1-year
follow-up and the controls regarding age, BMI, parity, or
education. However, more controls were in partnership and
employed.

Sexual function in the total cohorts

In the RRSO group, the domain score orgasm (P = .023)
and pain (P = .032) decreased significantly, and there was a
tendency of decline (P = .062) in median FSFI total score from
26.6 points at baseline to 23.0 points one year after RRSO
(Table 2). When comparing the RRSO group with the control
group at 1 year, the RRSO group had significantly lower
median FSFI total score (P < .001), as well as lower scores
of all 6 domains (P < .001). The proportion of FSD in the
RRSO group tended to increase after RRSO (P = .070). The
proportion of FSD was significantly higher in the RRSO group
at 1-year follow-up compared to the control group (P < .001).

A sensitivity analysis for women in the cohort who were
sexually active (RRSO, n = 34 and controls, n = 59) showed
similar results (Supplementary Table 2).

Sexual function in subgroups

At baseline, premenopausal women had a significantly
higher median FSFI total score than postmenopausal women
(P = .022) (Figure 2a, Supplementary Table 3). At follow-up,
the premenopausal women declined significantly in median
FSFI total score (P = .044), whereas the women who were
postmenopausal did not change, and there was no difference
between the groups.

Women with no history of breast cancer had a signifi-
cantly higher median FSFI score at baseline compared to the
women with a history of breast cancer (P = .015) (Figure 2a,
Supplementary Table 3). At follow-up, there was no signifi-
cant difference between the groups.

Women reporting MHT use at follow-up had a significantly
higher median FSFI total score at baseline compared with
the nonusers (P = .023), as well as at follow-up (P = .010)
(Figure 2a, Supplementary Table 3). The proportion of FSD
was significantly higher in the non-MHT group at both base-
line (P = .041) and follow-up (P = .009) (Figure 2b).

Regression analysis showed a significant association
between a higher total FSFI score at baseline and a lower total
FSFI score at follow-up (0.89 (CI 0.68-1.02)). Furthermore,
MHT postoperatively was associated with a significantly
higher total FSFI score at follow-up (3.93 (CI 0.16-16.55)).

Hormone levels

In the RRSO group, the median levels of total testosterone,
SHBG and FAI were unchanged from baseline to 1 year after
RRSO (Table 2). However, FAI was significantly lower in the
RRSO group when compared to the controls at 1-year follow-
up (P = 0.041). There were no significant correlations between
total testosterone and FAI and FSFI scores in any group (data
not shown).

Discussion

The main findings in this study were a significantly impaired
sexual function and a higher proportion of FSD in BRCA1/2-
PV carriers compared to healthy controls of the same age at
1-year after RRSO. Furthermore, we found that MHT after
RRSO significantly counteracted a decline in sexual function.
Although FAI was significantly lower in the RRSO group
when compared to the controls at 1 year follow-up, neither
circulating testosterone nor FAI were associated with sexual
function in the RRSO group or the controls.

To our knowledge, this is the only prospective study includ-
ing both pre- and postmenopausal women undergoing RRSO
compared to age-matched controls. Our findings, with a
high frequency of sexual dysfunction after RRSO (67%),
suggest that BRCA1/2-PV carriers need a structured follow-
up addressing sexual problems. In premenopausal women,
RRSO induces an estrogen deficiency causing vaginal atrophy
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Table 1. Characteristics of study participants.

RRSO
baseline

RRSO
1 year

Controls P value

n = 43 n = 43 n = 73

Age years (median(IQR)) 42.0 (40-57.5) 43.4 (41.2-58.5) 44 (40-58) .601
BMI kg m−2 (median(IQR)) 24.3 (22.0-26.5) 23.6 (22.1-26.4) 23.1 (21.5-25.3) .254
Children n (%) .783

Yes 37 (86.0) 37 (86.0) 64 (87.7)
No 6 (14.0) 6 (14.0) 9 (12.3)

Partner n (%) .005
Yes 36 (83.7) 31 (72.1) 68 (93.2)
No 6 (14.0) 10 (23.3) 5 (6.8)
Missing 1 (2.3) 2 (4.7)

Employment n (%) .017
Employed 40 (93.0) 39 (90.7) 73 (100.0)
Unemployed 2 (4.7) 3 (7.0) 0 (0.0)
Unknown 1 (2.3) 1

Menopausal status n (%) <.001
Premenopausal 24 (55.8) 0 (0) 49 (67.1)
Postmenopausal 18 (41.9) 43 (100) 24 (32.9)
Missing 1 (2.3)

Hysterectomy at time of RRSO n NA
Yes 8
No 35

History of breast cancer n (%) <.001
Yes 23 (53.5) 23 (53.5) 0
No 20 (46.5) 20 (46.5) 73

MHT use n (%) <.001
Systemica 4 (9.3) 14 (32.5) 0
Local 1 (2.3) 1 (2.3) 5 (6.8)
None 38 (88.4) 28 (65.1) 68 (93.2)

Time since RRSO, years (median IQR) 1.11 (1.04, 1.21) NA

BMI, body mass index; IQR, inter quartal range; MHT, menopausal hormone therapy; RRSO, risk-reducing salpingo-oophorectomy. P-value: Wilcoxon rank-
sum test for age and BMI otherwise Fisher’s exact test for group difference (RRSO group 1 year vs. controls). aSystemic MHT use = includes oral contraception,
oral estrogen therapy (ET) with or without systemic progesterone, transdermal ET with or without systemic progesterone or LNG-IUD.

Table 2. FSFI and hormone levels.

Total cohort

Variables RRSO baseline RRSO 1 year P1 Controls P2

n = 39 n = 39 n = 67

FSFI total score (2-36) 26.6 (15.6-29.1) 23.0 (4.2-28.1) .062 30.2 (26.6-32.5) <.001
Desire (1.2-6) 2.4 (1.2-3.6) 2.4 (1.2-3.0) .123 3.0 (3.0-4.2) <.001
Arousal (0-6) 3.9 (1.7-5.0) 3.6 (0.6-4.7) .074 5.1 (3.9-5.7) <.001
Lubrication (0-6) 4.5 (2.0-5.6) 3.6 (0.0-5.7) .196 5.7 (4.8-6.0) <.001
Orgasm (0-6) 4.8 (2.0-5.6) 3.6 (0.0-5.2) .023 5.6 (4.4-6.0) <.001
Satisfaction (0.8-6) 3.6 (2.4-5.2) 3.6 (2.4-5.2) .813 5.2 (4.6-5.6) <.001
Pain (0-6) 5.4 (0.0-6.0) 3.2 (0.0-6.0) .032 6.0 (5.6-6.0) <.001
Proportion with sexual dysfunction FSFI total score < 26.55 (%) 17 (43.6) 26 (66.7) .070a 17 (25.4) <.001b

n = 35 n = 35 n = 58
Total testosterone (nmol L−1) 0.5 (0.4-0.8) 0.5 (0.4-0.7) .522 0.6 (0.4-0.8) .36
SHBG (nmol L−1) 74 (51-94) 77 (51-113) .212 66 (46-89) .176
FAI (nmol L−1) 0.7 (0.4-1.1) 0.6 (0.5-1) .588 0.9 (0.6-1.3) .041

All values are presented as median (IQR) except FSD (female sexual dysfunction) presented in n (%). FSFI, Female Sexual Function Index; FAI, free androgen
index; RRSO, risk-reducing salpingo-oophorectomy; SHBG, sexual hormone-binding globulin. P1: Wilcoxon’s signed-rank test for comparison between
baseline and 1-year follow-up. P2: Wilcoxon rank-sum test for group difference (RRSO group 1 year vs. controls). aMcNemar’s Chi-squared test with continuity
correction. bFisher’s exact test for group difference (RRSO group 1 year vs. controls).

with dryness and pain at sexual activity. This could partly
explain the impaired sexual function. Furthermore, in the
RRSO group, 53.5% of the women had a prior history of
breast cancer with risk of iatrogenic menopause from cyto-
toxic treatment. This may explain the higher proportion of
postmenopausal women in the RRSO group, compared to
controls, and the lower levels of sexual function at baseline.31

In addition, this is one of few studies that prospectively
examines the impact of MHT use in different domains of
female sexual function following RRSO.12,13 At follow-up,
women in the RRSO group with MHT reported a significantly
better sexual function as well as significantly higher levels
in all sexual domains, except satisfaction, compared to the
nonusers. This indicates that MHT improves sexual function
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Figure 2. (a) FSFI total score divided by menopausal status, history of breast cancer and use of MHT postoperatively. FSFI, female sexual function index;
MHT, = menopausal hormone therapy, ∗P < .05-.01, ∗∗P < .01-.001. (b) Proportion of women with female sexual dysfunction at baseline and 1-year divided
by menopausal status, history of breast cancer and use of MHT postoperatively. FSD, female sexual dysfunction; MHT, menopausal hormone therapy,
∗P < .05-.01, ∗∗P < .01-.001.

after RRSO. However, type of MHT used in the RRSO group
was heterogenous and with different routes of administra-
tion. The findings must therefore be interpreted with cau-
tion. Other studies also report worse sexual functioning after
RRSO. Some studies only included premenopausal women
and controls from a high-risk population rather than healthy
controls.13,32,33 Premenopausal women and women with no
personal history of breast cancer had higher presurgical levels
of sexual function and experienced a greater decline in sexual
function compared to postmenopausal women and those with

a history of breast cancer. These results are all in line with
previous findings.10,12,34 In the RRSO cohort the median
total FSFI score at follow-up was significantly associated with
FSFI at baseline and use of MHT postoperatively. Presurgical
levels of FSFI seem to be important in predicting sexual
function after RRSO.

There is a risk that the concern for a decline in sex-
ual function may deter BRCA1/2-PV carriers from a poten-
tially life-saving preventive surgery. To minimize negative
effects, MHT is recommended to women after RRSO up to
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natural age of menopause if no contraindications.7,8 How-
ever, women may be hesitant in using MHT due to safety
concerns and their inherited high risk of breast cancer.35

Development of guidelines and long-term safety data on MHT
following RRSO are needed.

Women experiencing FSD following RRSO commonly ask
about testosterone treatment. While MHT effectively coun-
teracts effects on vaginal tissue and reduces vasomotor symp-
toms following estrogen loss, testosterone is thought to play a
more important role in sexual desire.15,21 We did not detect a
decrease in testosterone levels in the RRSO group at follow-
up. Neither did we find any association between endogenous
testosterone and female sexual function in the RRSO group
nor among controls. Explanations could be potential con-
founders influencing the testosterone levels such as; blood
samples not standardized to morning hours nor menstrual
cycle day (preferably in the follicular phase in premenopausal
women), previous chemotherapy, ongoing antiestrogen thera-
pies, and the use of MHT affecting SHBG. Our results confirm
previous studies where endogenous levels of testosterone have
not been directly related to female sexual function suggesting
that other factors may also be important.18-20 Only a few
studies have explored testosterone levels in women following
RRSO. One prospective study by van Winden et al.36 found
a significant association between sexual function and reduced
testosterone levels in postmenopausal women. However, two
other studies could not find any association between testos-
terone levels and sexual function following RRSO.17,18

The strengths of this study are its prospective design and
controls of similar age, BMI, parity, smoking, and education,
as well as determining testosterone levels by tandem mass
spectrometry. A cancer diagnoses as well as breast cancer
treatment may affect relationship status and employment.
This reflects the complexity of the patient group where some
women already have a personal history of breast cancer before
the RRSO. Moreover, at baseline women in the RRSO group
with no personal history of breast cancer reported similar
levels of FSD as the controls. Controls showed similar levels
of FSD as in the general population.13,37

The small sample size collected over an extended time
period suggests that our findings should be interpreted with
caution. However, even if the loss to follow-up analysis
showed no demographic differences between groups we
cannot exclude that the women lost to follow-up or not
completing FSFI were less sexually interested. Another
limitation is the lack of evaluation of sexual-related distress,
central in FSD. Women with a history of breast cancer
generally have a contraindication to MHT use, and in
the analysis concerning MHT this can be considered as a
confounder. Due to the small sample size, we were in the
regression analyses unable to address several factors that may
be of importance for sexual function in women such as BMI,
partnership, depression, anxiety, body image, personal distress
related to sexual problems, and use of antidepressants.38

Conclusion

Our study suggests that sexual function is impaired after
RRSO and the proportion of FSD 1 year after RRSO is larger
compared to healthy controls. MHT mitigates the sexual
problems but does not restore them to baseline levels. The
study highlights the need for counseling of women before and
after RRSO, including evidence-based information on MHT

use. The importance of endogenous testosterone for female
sexual function after RRSO needs to be further explored in
larger studies.
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