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Abstract

Introduction: Statins were found to improve erectile function in men. No previous study has prospectively investigated sexual functioning
in women receiving these agents.

The aim of this study was to evaluate the impact of atorvastatin therapy on female sexual function, and depressive symptoms in young
women with elevated cholesterol levels.

Material and methods: The study included 14 women with elevated cholesterol levels and 14 matched women with normal plasma lip-
ids. Hypercholesterolaemic women were then treated with atorvastatin (2040 mg daily) for 24 weeks. Apart from measuring plasma lipids,
at the beginning and at the end of the study, all participants of the study completed questionnaires evaluating sexual function (Female Sexual
Function Index — FSFI) and the presence and severity of depressive symptoms (Beck Depression Inventory-Second Edition — BDI-II).
Results: The mean total FSFI score was insignificantly lower, while the BDI-II score was higher in women with hypercholesterolaemia
than in the control group. Both groups significantly differed in domain scores for arousal and orgasm. Atorvastatin decreased the domain
score for desire, increased the domain score for orgasm, but did not affect the total FSFI score and the remaining domain scores. Moreover,
atorvastatin tended to reduce the BDI-II score. Treatment-induced changes in desire, orgasm, and the BDI-II did not correlate with the
effect of atorvastatin on plasma lipids.

Conclusions: Atorvastatin treatment produces a relatively mild effect on sexual functioning and mood in women, affecting only selected
elements of female sexual behaviour. (Endokrynol Pol 2018; 69 (6): 688—694)
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Streszczenie

Wstep: Wykazano korzystny wplyw statyn na poprawe erekcji u mezczyzn. W zadnych poprzednich badaniach nie oceniano prospek-
tywnie funkcjonowania seksualnego kobiet otrzymujacych te leki. Badanie mialo na celu ocene wplywu terapii atorwastatyng na funkcje
seksualne i objawy depresyjne u mlodych kobiet z podwyzszonym stezeniem cholesterolu.

Material i metody: Badaniem objeto 14 kobiet z podwyzszonym stezeniem cholesterolu i 14 dopasowanych kobiet z prawidlowymi steze-
niami lipidéw w osoczu. Kobiety z hipercholesterolemia byly nastepnie leczone atorwastatyna (20-40 mg/d.) przez 24 tygodnie. Poza oceng
stezenia lipidéw, na poczatku i koficu badania, wszystkie uczestniczki wypelnialy kwestionariusze oceniajace funkcje seksualne (Indeks
Funkgji Seksualnych Kobiet — FSFI) oraz obecnos¢ i nasilenie objawéw depresyjnych (Beck Depression Inventory—-Second Edition — BDI-II).
Wyniki: Srednia catkowita punktacja skali FSFI byta nieznamiennie nizsza, natomiast wyniki skali BDI-II wyzsze u kobiet z hiperchole-
sterolemig w poréwnaniu z grupa kontrolna. Obie grupy réznily sie istotnie pod wzgledem domen pobudzenia seksualnego i orgazmu.
Terapia atorwastatyng zmniejszyla punktacje domeny pozadania seksualnego, zwigkszyla domene orgazmu, ale nie wplyneta na calkowity
wynik FSFIi pozostale domeny skali. Ponadto terapia atorwastatyng powodowata redukcje punktacji skali BDI-II. Wywolane leczeniem
zmiany w pozadaniu seksualnym, orgazmie i wynikach BDI-II nie korelowaly z wplywem atorwastatyny na stezenie lipidéw w osoczu.
Whioski: Leczenie atorwastatyng powoduje wzglednie lagodny wplyw na funkcjonowanie seksualne i nastréj u kobiet, oddziatujac tylko
na wybrane elementy zachowan seksualnych. (Endokrynol Pol 2018; 69 (6): 688—694)

Stowa kluczowe: objawy depresyjne; hipercholesterolemia; funkcjonowanie seksualne; statyny

Introduction heart disease and stroke, as well as the number of hos-
pital discharges because of heart failure or stroke, are
Coronary heart disease is the main cause of cardio-  higher in women than in men [2]. 3-hydroxy-3-meth-

vascular morbidity and mortality in women [1]. The  yl-glutaryl-CoA (HMC-CoA) reductase inhibitors
number of women living with and dying of coronary ~ (statins) are considered the first-line treatment for
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patients with coronary heart disease and hypercho-
lesterolaemia. The benefits of statin therapy in car-
diovascular diseases go beyond their lipid-lowering
properties. HMC-CoA reductase inhibitors are known
to exert nonlipid-related (so-called “pleiotropic”) ef-
fects, which include regulation of the growth and
migration of smooth muscle cells, improvement of
the functioning of vascular endothelium, as well as
the inhibitory effect on coagulation, fibrinolysis, and
platelet activities [3-5].

In men, erectile dysfunction may be considered as
a predictor of cardiovascular disease in future or as
amarker of silent atherosclerotic cardiovascular disease
[6,7]. A meta-analysis of 11 randomised trials [8], as well
as a meta-analysis of five randomised trials [9], showed
that HMG-CoA reductase inhibitors cause a clinically
relevant improvement of erectile function as measured
by the five-item version of the International Inven-
tory of Erectile Function. In another meta-analysis,
although there was no significant difference in erectile
function between statins and placebo, compared with
placebo plus sildenafil, HMC-CoA reductase inhibitors
plus sildenafil clearly improved erectile function [10].
Finally, the beneficial effect of statin therapy on erec-
tile functioning was more prominent in patients with
elevated cholesterol levels, but less pronounced than
that of tadalafil [11].

On the other hand, a decrease in androgen bio-
synthesis may have an unfavourable effect on sexual
functioning. The results of both a meta-analysis by
Schooling et al. [12] and one By our research group
[13] indicate that statins may decrease plasma testos-
terone levels in men, probably because of their inhibi-
tory action on production of the substrate for the local
synthesis of androgens in adrenal cortex and gonads
[14]. A decrease in testosterone, dehydroepiandros-
terone sulphate (DHEA-S), and androstenedione was
also found in women with elevated androgen levels
as a consequence of either polycystic ovary syndrome
[15-18] or non-classic congenital adrenal hyperplasia
[19, 20]. Low testosterone was found to be negatively
associated with libido, arousal, and masturbation fre-
quency, while low DHEA-S is associated with desire
and masturbation frequency [21]. Taking these results
into account, statins may have an unfavourable effect
on desire, and maybe also on other aspects of female
sexual functioning.

In the only study conducted to date, statin therapy
was not associated with menstrual and menopausal
disorders, infertility, and ovarian/sexual dysfunction
[22]. However, unlike in men, to the best of our knowl-
edge, no previous study has investigated the impact
of statins on female sexual functioning in women in
detail. Therefore, the aim of this study was to evaluate

the impact of atorvastatin therapy on female sexual
functions and depressive symptoms in young women
with elevated cholesterol levels.

Material and methods

Study population

The study population consisted of 14 women (2045
years old) with hypercholesterolaemia, who had been
complying with lifestyle intervention for at least 12
weeks before the beginning of the study. To be included,
they had to meet the following criteria of hypercho-
lesterolaemia: total cholesterol above 200 mg/dL and
LDL-cholesterol more than 130 mg/dL. The exclusion
criteria were as follows: any other acute or chronic dis-
orders, a history of urogynaecological operations that
might affect sexual function, pregnancy, or lactation. We
also excluded sexually inactive women and individu-
als treated pharmacologically. The study protocol was
accepted by the local Ethics Committee and all partici-
pants of the study signed an informed consent form.

Methods

The enrolled women were treated with atorvastatin
(20 mg daily), administered once daily at bedtime.
If after six weeks LDL cholesterol levels were still
above 130 mg/mL, the daily dose of atorvastatin was
increased to 40 mg. The investigation of possible
drug-induced side-effects was performed fortnightly.
Atorvastatin-treated women were compared with the
control group including 14 age- and weight-matched
healthy normolipidemic women with a family history
of early-onset coronary heart disease, following life-
style modification for more than three months. During
the entire study, both groups of patients continued to
comply with the lifestyle modification.

Laboratory assays were performed at the beginning
of the study and 24 weeks later. Blood samples were
taken between 8 and 9 a.m. after an overnight 12-h fast-
ing, and all assays were performed in duplicate to mini-
mise analytical errors. Plasma levels of total cholesterol,
LDL cholesterol, HDL cholesterol, and triglycerides
were assayed by routine laboratory techniques (Roche
Diagnostics, Basel, Switzerland). LDL-cholesterol levels
were measured directly.

After collecting blood samples, the participants
were asked to complete three questionnaires. The first
questionnaire assessed demographic characteristics,
smoking, physical activity, education, occupation,
stress exposure, general health, the number of sexual
partners, as well as the number and duration of mar-
riages, deliveries, and abortions. The second question-
naire (Female Sexual Function Index — FSFI) evaluated
female sexual functioning, while the third one (Beck
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Table 1. Sociodemographic characteristics and plasma lipids in the study population

Tabela I. Charakterystyka socjodemograficzna i lipidy osocza w populacji badanej

Hypercholesterolaemia

Control subjects

Number of patients 14 14
Age [years; mean (SD)] 34 (6) 35 (5)
Body mass index [kg/m? mean (SD)] 26.3 (4.0) 25.9 (3.7)

Smokers (%)/Number of cigarettes a day [n; mean (SD)]/Duration of smoking
[months, mean (SD)]

36/11 (6)/104 (41)

29/10 (6)/98 (35)

Physical activity: total/once a week/several times a week/once a month [%)] 86/36/36/14 86/29/43/14
Primary or vocational/secondary/university education [%] 21/29/50 21/36/43
Occupational activity/Blue-collar/white-collar/pink-collar workers [%)] 79/14/29/36 79/21/29/29
Stress exposure (%) 86 86
Number of sexual partners [n; mean (SD)] 2.1(1.0) 2.2 (1.3)
Number of marriages [n; mean (SD)]/Duration of marriages [months; mean (SD)] 1.2(0.6)/81 (32) 1.3(0.6)/88 (30)
Number of deliveries [n; mean (SD)]/Number of abortions [n; mean (SD)] 2.0(0.8)/0.5 (0.6) 1.8 (0.7)/0.4 (0.5)
Systolic blood pressure [mmHg; mean (SD)] 130 (11) 126 (14)
Diastolic blood pressure [mmHg; mean (SD)] 81(7) 79 (7)
Total cholesterol [mg/dL; mean (SD)] 265 (31)? 199 (28)
LDL cholesterol [mg/dL; mean (SD)] 175 (23)2 105 (12)
HDL cholesterol [mg/dL; mean (SD)] 58 (7) 62 (8)
Triglycerides [mg/dL; mean (SD)] 135 (30) 141 (29)

2p < 0.001 vs. control group, SD — standard deviation

Depression Inventory-Second Edition — BDI-II) as-
sessed depressive symptoms.

FSFI consists of 19 questions assessing six dimen-
sions of female sexual function: sexual desire, arousal,
lubrication, orgasm, satisfaction, and coital pain in the
past four weeks [22, 23]. Answers are rated from 0 to 5
(arousal, lubrication, orgasm, and dyspareunia) or from
1to 5 (desire and sexual satisfaction). 0 means no sexual
activity in the previous four weeks. The minimum
score for sexual desire and satisfaction is greater than
0 because their assessment does not require the pres-
ence of sexual activity. The total FSFI score, obtained
from the sum of the items in each domain multiplied
by the domain factor (0.6 for desire, 0.3 for arousal and
lubrication, and 0.4 for orgasm, satisfaction, and pain),
ranges from 2 to 36 (higher scores are suggestive of
better sexual function). A total score of less than 26.55
is assumed to indicate sexual dysfunction [23, 24].

BDI-II is a self-rating scale with 21 items, which are
focused on depression symptoms: affective, motiva-
tional, cognitive, and physiological during the preced-
ing two weeks [25]. The items reflect diagnostic criteria
for depressive disorders outlined in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
[26]. Eachitem is scored on a four-point Likert scale from
0 to 3. The total BDI-II score, being the sum of the item
scores, ranges from 0 to 63. The BDI-II score from 14 to 19
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points is interpreted as mild depression, 20-28 as mod-
erate depression, and 29-63 as severe depression [25].

Statistical analysis

Quantitative data were natural-log transformed to meet
the assumptions of normality and equal variance. Com-
parisons between both groups were made by the t-test
for independent samples with the multiple testing cor-
rection of Benjamini and Hochberg false discovery rate.
Student’s paired t-test was used to compare pre- and
post-treatment data within the same group. Categori-
cal variables were analysed by y? test. Pearson’s r-tests
were used to test correlations. Statistical significance
was assumed at p < 0.05.

Results

General characteristics of the study groups

There were no differences between the study groups
in age, body mass index, smoking, education, physi-
cal activity, occupational activity, type of work, stress
exposure, the number of sexual partners, the number
and duration of marriages, the number of deliveries and
abortions, as well as in systolic and diastolic blood pres-
sure (Table I). As expected, total and LDL cholesterol
levels were higher in women with hypercholesterol-
aemia than in control subjects (Table I).
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Table II. Sexual function in young women with and without
hypercholesterolaemia

Tabelall. Funkcjonowanie seksualne miodych kobiet z hipercho-
lesterolemig i bez niej

Variable Atorvastatin  Control group

FSFI score [mean (SD)]

At the beginning of the study 31.19(3.10) 32.72 (3.02)
At the end of the study 30.57 (3.25) 32.27 (3.65)
FSFI score <26.55 (%)

At the beginning of the study 29 14

At the end of the study 36° 14
Sexual desire [mean (SD)]

At the beginning of the study 5.44 (0.44) 5.57 (0.44)
At the end of the study 4.88 (0.56)°¢ 5.53 (0.58)
Sexual arousal [mean (SD)]

At the beginning of the study 4.99 (0.48)° 5.55 (0.44)
At the end of the study 4.95 (0.43)° 5.51(0.42)
Lubrication [mean (SD)]

At the beginning of the study 5.34 (0.51) 5.37 (0.49)
At the end of the study 5.11(0.36) 5.20 (0.54)
Orgasm [mean (SD)]

At the beginning of the study 4.91 (0.57) 5.49 (0.46)
At the end of the study 5.46 (0.53)° 5.43 (0.46)
Sexual satisfaction [mean (SD)]

At the beginning of the study 5.31(0.43) 5.40 (0.49)
At the end of the study 5.14 (0.44) 5.37(0.38)
Dyspareunia [mean (SD)]

At the beginning of the study 5.20 (0.42) 5.34 (0.40)
At the end of the study 5.03(0.38) 5.23(0.43)

p < 0.05, °p < 0.01 vs. control group; °p < 0.05 vs. baseline value;
SD — standard deviation

Neither adverse effects nor complications were ob-
served in atorvastatin-treated patients and women with
normal plasma lipids, and all participants completed
the study. Atorvastatin reduced total cholesterol by 25%
(p < 0.001) and LDL cholesterol by 38% (p < 0.001). No
changes in plasma lipids were observed in the control
group. At the end the study, there were no differences
between the groups in plasma lipid levels (data not
shown).

Assessment of sexual function

The mean total FSFI score was insignificantly lower
(p = 0.095) in women with hypercholesterolaemia than
in the control group (Table II). Both groups significantly
differed in domain scores for arousal and orgasm, but not
for desire, lubrication, satisfaction, and pain (Figure 1).
There were no differences in the total FSFI score and
all domain scores between the beginning and the end

Table III. Depressive symptoms in young women with
and without hypercholesterolaemia

Tabela IIL. Objawy depresyjne u mlodych kobiet z hipercholes-
terolemiq i bez niej

Variable Atorvastatin Control group

BDI-Il score [mean (SD)]

At the beginning of the study 11.6 (3.7)° 7.6 (3.9)
At the end of the study 9.4 (3.0) 8.0 (4.3)
Depressive symptoms [n (%)]

At the beginning of the study 4 (29) 2 (14)
At the end of the study 3(21) 2(14)
Mild symptoms [n (%)]

At the beginning of the study 3(21) 2 (14)
At the end of the study 2 (14) 2 (14)
Moderate symptoms [n (%)]

At the beginning of the study 1(7) 0(0)
At the end of the study 1(7) 0(0)
Severe symptoms [n (%)]

At the beginning of the study 0(0) 0(0)
At the end of the study 0(0) 0(0)

ap < 0.05 vs. control group; SD — standard deviation

of the study in the control group. Atorvastatin de-
creased the domain score for desire and increased the
domain score for orgasm. The drug did not affect the
total FSFI score and the remaining domain scores, and
it did not have a significant effect on the percentage
of patients with sexual dysfunction. At the end of the
study, both groups differed in desire, arousal, and the
number of women with sexual dysfunction (Figure 2).
The total FSFI score was insignificantly higher
(p = 0.086) in women receiving atorvastatin than in the
control group (Table II).

Assessment of depressive symptoms

The mean total BDI-II score was higher in women with
elevated cholesterol levels than in the control group
(Table III). There were no differences between the study
groups in the percentages of women with total, mild,
moderate, and severe depressive symptoms. Atorvas-
tatin tended to decrease the BDI-II score (p = 0.083),
while no changes were found in untreated individuals
with normal plasma lipids. At the end of the study, the
BDI-II score, as well as the number of patients with total,
mild, moderate, and severe depressive symptoms did
not differ between the study groups.

At baseline, in both study groups, the total BDI-II
score inversely correlated with the total FSFI score
[women with hypercholesterolaemia: r = -0.41
(p < 0.001); women with normal plasma lipids: r = —0.34
(p < 0.01)] and body mass index [women with hyper-
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FSFI — mean values and their 95% confidence intervals
at the beginning of the study
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Figure 1. FSFI domains in young women with and without
hypercholesterolaemia — at the beginning of the study

Rycina 1. Domeny skali FSFI u mtodych kobiet z hiper-
cholesterolemig i bez niej — na poczqtku badania

cholesterolaemia: r = —0.46 (p < 0.001); women with
normal plasma lipids: r = —0.42 (p < 0.001)]. In women
with hypercholesterolaemia the total FSFI score inverse-
ly correlated with total cholesterol [r = -0.31 (p < 0.05)]
and LDL cholesterol [r = -0.37 (p < 0.01)]. In this group
of women, there were inverse correlations between LDL
cholesterol and domain scores for arousal [r = -0.39
(p < 0.001)] and orgasm [r = 0.37 (p < 0.01)]. The effect
of atorvastatin on plasma cholesterol weakly correlated
with its action on desire [r = -0.26 (p < 0.05) for total
cholesterol; r = -0.31 (p < 0.05) for LDL cholesterol]
but did not correlate with its action on the total and
domain scores of FSFI, the BDI-II score, and on the
percentage of women with total, mild, moderate, and
severe depressive symptoms.

Discussion

Our study is the first to show that statin therapy exhibits
arelatively weak effect on sexual functioning in women
with elevated LDL cholesterol levels. Despite a neutral
effect on the total FSFI score, the treatment affected
sexual functioning in two domains. A positive impact
on orgasm was counterbalanced by a negative action on
sexual desire. The obtained results indicate that statin
therapy may bring benefits to women with orgasmic
disturbances, but it may be, at least potentially, harm-
ful in women with hypoactive sexual desire disorder.
Sexual functioning was slightly disturbed in women
with hypercholesterolaemia compared with healthy
subjects. This sexual dysfunction was limited to arousal
and orgasm, and only functioning in these domains cor-
related with total and LDL cholesterol. Strict inclusion
criteria and the similar clinical and laboratory charac-
teristics of both study groups minimised the possibility
that these differences resulted from the impact of other
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Figure 2. FSFI domains in young women with and without
hypercholesterolaemia — at the end of the study

Rycina 2. Domeny skali FSFI u mtodych kobiet z hiper-
cholesterolemig i bez niej — na koticu badania

concurrent diseases or concomitant therapies. The
obtained results suggest that arousal and orgasm are
more susceptible to unfavourable changes in plasma
lipids than other aspects of female sexual functioning.
Moreover, it may be assumed that women with coexist-
ing changes in arousal and orgasm should be screened
for the presence of elevated cholesterol levels.

In our study, the effect of atorvastatin on sexual
desire weakly correlated with statin-induced changes
in total and LDL cholesterol, while no association
was found between the effect of this agent on plasma
lipids and orgasm. This finding suggests that a reduc-
tion in plasma lipids plays a small role in the effects
of HMG-CoA reductase inhibitors on sexual function-
ing. These effects may be secondary to diminished
post-translational protein prenylation, which is an im-
portant process regulating many cellular processes,
including cellular signalling, differentiation and growth
regulation, and membrane transport [27].

Unfavourable changes in desire contrasted with
aneutral effect of hypercholesterolaemia on this aspect
of female sexual functioning. The main source of cho-
lesterol contained in steroid hormones are LDLs [14],
and therefore in patients with very low LDL cholesterol
levels steroidogenesis may be impaired [13]. Interest-
ingly, in a subgroup of women aged 25-44 years, with
no use of systemic hormonal contraception, being
a population very similar to our group of patients,
sexual desire correlated with circulating levels of total
testosterone, free testosterone, androstenedione, and
DHEA-S [28]. It should be underlined that in most
patients participating in the study by Wahlin-Jacobsen
et al. [28], androgen levels were within the reference
range. This observation suggests that even small dif-
ferences in steroid hormone levels may be associated
with a risk of hypoactive sexual desire disorder. The
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inhibitory effect HMG-CoA reductase inhibitors on
the proliferation of theca-interstitial cells resulted in
a decrease in LH-stimulated production of testosterone
and progesterone [29, 30], and this effect may explain
why the correlation between the improvement in desire
and the reduction in LDL cholesterol levels was weak.

It is difficult explain why statins improved or-
gasmic reaction. This effect cannot be explained by
treatment-induced changes in serum androgen levels,
because in numerous studies HMG-CoA reductase
inhibitors were found to reduce circulating levels of tes-
tosterone and DHEA-S, irrespective of the underlying
disorder [15-20]. Therefore, much more convincing is its
association with pleiotropic effects of statins, affecting
blood flow to the structures involved in sexual activi-
ties. Interestingly, statins were found to increase nitric
oxide bioavailability [31]. Alternatively, an increase in
a domain score for orgasm may be secondary to a neu-
rogenic regulation of sexual functioning. In line with
this hypothesis, statins reduced severity, symptoms,
and nerve conduction parameters in diabetic polyneu-
ropathy, and these effects seem to be related to reduc-
tions in lipid peroxidation and oxidative stress [32, 33].

Although the total BDI-II score weakly correlated
with the total FSFI score at entry, the effect of ator-
vastatin on depressive symptoms did not correlate
with its action of sexual functioning. The obtained
results suggest that either discrete disturbances in
sexual functioning contribute to mood disturbances
or impaired arousal and orgasm are a consequence of
reduced mood. Apart from a possible impact of sexual
dysfunction, the higher BDI-II score may be explained
by other mechanisms, such as reduced serotonin recep-
tor sensitivity or transporter activity [34]. On the other
hand, a small improvement in depressive symptoms
cannot be explained by the effect of atorvastatin on
sexual functioning. A much more likely explanation
is its association with statin-induced changes in the
content of glucocorticoids, serotonin, or dopamine in
the limbic system, which is line with the results of other
authors [35, 36].

The present study has some limitations. The main
limitation was its small sample size, as well as the fact
that the study was non-randomised and non-placebo
controlled. Moreover, FSFI and BDI-II scoring systems,
being self-report inventories, are subjective in nature.
Because atorvastatin in our study was administered at
moderate doses, it cannot be excluded that the effect
of statin therapy would be stronger if the drug were
administered at higher doses. We excluded women
diagnosed with cardiovascular disease, and it is possible
that the effect of statin therapy in women with a history
of acute coronary syndrome or stroke may differ from
that observed in our group of patients. Additionally, the

effect on sexual functioning and depressive symptoms
does not have to represent a class effect of statins and
may be unique to atorvastatin.

Conclusions

In conclusion, our study has shown for the first time
that relatively mild abnormalities of lipid metabolism
are associated with disturbances in female sexual func-
tioning and mood. The effect of atorvastatin on sexual
functioning was domain-dependent, only partially
beneficial, and did not contribute to its action on depres-
sive symptoms. Further studies with larger groups of
patients are required to confirm our results.
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