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ABSTRACT

Purpose: To correlate the sexual desire levels with sexual hormone binding globulin and free
androgen index in women taking different types of hormonal contraceptives (HCs) containing
ethinylestradiol (EE), oestradiol valerate (E2V), 17(3-oestradiol (E2), or estetrol (E4), combined or in
phasic formulation with different progestogens having antiandrogenic properties.

Methods: Three hundred and sixty-seven women (age range 18-46) participated in the study. SHBG
and total testosterone (TT) were measured, and the Free Androgen Index (FAI) was calculated. The
Female Sexual Function Index (FSFI) and the Female Sexual Distress Scale (FSDS) questionnaires
were used to assess sexual function and distress, respectively.

Results: The highest SHBG values and the lowest FAls were obtained of women on HCs containing
EE than those of women on HCs containing E2V/173 E2 or E4 (p<0.001). Desire scores and FSFI total
scores were lower in women on HCs with EE than in those using HCs containing E2V, 173 E2, or E4
(p<0.001). The women who were on HCs containing EE reported FSDS levels higher than those
containing all the other types of oestrogen. Finally, sexual desire and FSFI total scores had a negative
correlation with the SHBG values and a positive correlation with FAl percentage (p<0.0001).
Conclusions: A minority of women using HCs with EE might experience a decreased sexual desire.
This was not observed in women on HCs containing E2V, 17 E2, or E4. To avoid HC discontinuation,
due to sexual desire reduction, HCs having minor antiandrogenic effects could be taken into
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consideration.

Introduction

Today, contraceptive counselling aims to improve the
acceptability of a hormonal or non-hormonal contraceptive,
not only as a method chosen to avoid pregnancy but also
as having neutral or positive effects on the sexual function
of women [1]. However, an open debate remains on the
effects of combined hormonal contraceptives (CHCs) on
sexual desire [2,3].

Androgens may have an important biological role in sex-
ual desire and arousal in women [4], although androgen
sensitivity and sexual function differ among women [5,6].
CHCs could negatively modify the sexual activity of women
by increasing the androgen-binding protein and producing
hypoandrogenism, mainly in androgen-sensitive women
[7-9], resulting in hypoactive sexual desire [10].

Specifically, sex hormone-binding globulin (SHBG) is a
carrier protein synthesised in hepatocytes; its synthesis has
been shown to be highly sensitive to oestrogens and
androgens [11]. Oestrogens increase SHBG levels in a qual-
ity and dose-dependent manner in women on CHCs,
whereas progestogens may contribute to modify these lev-
els to a varying extent depending on their quantity and

quality [12]. The effect of a CHC formulation on SHBG thus
appears to reflect the balance between oestrogenic and
androgenic activities [13].

CHCs are the most frequently used among short-acting
reversible contraceptives (SARC) [14]. Since the beginning
of hormonal contraception, EE has been the only oestrogen
used in CHCs. The main advances achieved in CHCs have
been the reduction of EE dosages and the production of
more selective progestogens having antiandrogenic activity,
which improved the tolerability of CHCs [15]. The use of
oestrogens that show a greater resemblance to endoge-
nous hormones, the natural oestrogens, has been the most
recent advancement in combined and phasic formulation
HC development. New pills containing oestradiol valerate
(E2V) or 17B-oestradiol (E2) have been introduced for more
than a decade in oral contraception. They have fewer
adverse effects than EE [16]. E2V is associated with dien-
ogest (DNG) with a 26/2 four-phasic regimen [17], and E2 is
combined with nomegestrol acetate (NomAc) with a 24/4
regimen [18]. Both progestogens have antiandrogenic activ-
ity and high progestogen potency effects. The use of natu-
ral oestrogens in combination with progestogens further
improves tolerability and minimises the effects of EE on
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hepatic metabolism and hepatic protein synthesis, and has
more favourable lipid and haemostatic profiles [19,20].

Recently, Estetrol (E4) has been introduced in modern
oral contraception. E4 is produced by the foetal liver during
pregnancy and reaches the maternal circulation. E4 is the
first native oestrogen with selective tissue activity (NEST); in
fact, it exhibits activation of nuclear ERa and inhibition of
membrane ERP, which leads to tissue-specific actions
including the breast. E4 15mg is combined with drospire-
none (DRSP) 3mg, with a 24-days of active pill use followed
by a 4-day hormone-free interval regimen [21,22]. A mod-
est increase in SHBG levels, equal to 44.5%, was observed
in women on E4/DRSP, considerably less than the 306.3%
observed in women who used CHC containing EE [23].

The main aim of the current study was to correlate sex-
ual desire with SHBG levels and free androgen index (FAI)
in women on CHCs containing different qualitative and
quantitative oestrogens.

Material and methods

This study was performed at the Family Planning Centre of
the Obstetrics and Gynecological Pathology, Department of
General Surgery and Medical Surgical Specialties, School of
Medicine, University of Catania, Italy. The study protocol
was conformed to the ethical guidelines of the 2013
Helsinki Declaration. Informed written consent was obtained
from each woman before entering the study, and they did
not receive any monetary payment. The time of enrolment
was from January 2018 to January 2023.

At enrolment, 458 women -aged 18 to 46years- gave
their consent to participate in the study. All women were
on HCs, according to WHO medical eligibility criteria [24].
Women without sexual activity and/or having or have had
sexual dysfunction, and/or living with a partner with sexual
dysfunction and/or having conflictual relationships were
excluded from the study.

Instruments

Each woman underwent a sexual history interview. To
define female sexual dysfunction (FSD), more recent defini-
tions, nomenclature, and classifications were used [25].
Sexual behaviour was assessed using the self-administered
Female Sexual Function Index (FSFI) validated in the Italian
gynecological population [26]. The FSFI consists of six
domains, which include desire (two items), arousal (four
items), lubrication (four items), orgasm (three items), satis-
faction (three items), and pain (three items), answered on a
five-point Likert scale, ranging from 0 (no sexual activity) or

1 (never/very low) to 5 (always/very high). A score is calcu-
lated for each of the six domains and the total score is
obtained by summing all the items. The total score range is
2-36. A cut-off of <26.55 is usually accepted for diagnosis
of sexual dysfunction in premenopausal women. In addi-
tion, to confirm sexual dysfunction, it must cause signifi-
cant personal distress to the woman. Therefore, the 12-item
Female Sexual Distress Scale (FSDS) questionnaire was used,
with a maximum score of 48. An FSDS score =15 corre-
sponds to clinically significant distress [27]. In summary,
women with an FSFI score of <26.55 are considered to have
sexual dysfunction if they have an FSDS score >15.

Finally, a peripheral blood sample was taken from each
woman after enrolment to measure total testosterone (TT,
ng/dL) and SHBG (nmol/L) by ELISA (Elecsys© Systems 2010,
Roche). The Free Androgen Index (FAI) was calculated by
using FAI = [TT/SHBG (nmol/L])100.

Statistical analysis

Analysis of variance was used to compare the data between
groups, and the Bonferroni test was adopted for multiple
comparisons. To compare the intergroup FSFI scores, the
Mann-Whitney U-test was used. Correlation analyses with
Pearson’s r coefficient were performed to examine the rela-
tionships between sexual desire scores and FSFI scores with
SHBG values and FAI. Scores are presented as the mean=+SD.
The result was statistically significant when p<0.05.
Statistical analysis was carried out using the Primer of
Biostatistics statistical computer package (Glantz SA, New
York, USA: McGraw-Hill, Inc. 1997).

Results

After enrolment, 91 (19.9%) women did not complete the
study. Of them, 22 (24.2%) had not responded to all items
of the FSFI questionnaire, and 69 (75.8%) withdrew their
consent before undergoing the blood test. Consequently,
367 women (aged 18 to 46years) constituted the sample
undergoing clinical and statistical evaluation. Each woman
declared having the same sexual partner, and a good qual-
ity of relationship for the last three months. No woman
referred to have had adverse events in their last three
months of CHC usage. Moreover, 20.6% of women on E2V/
DNG, 28.3% on 173-E2/NomAc, 8.9% on EE20/DRSP, and
12.2% on E4/DRSP referred to be in amenorrhoea. This did
not cause any of them to discontinue their contraceptive.
Table 1 shows the number and percentage of women
distributed according to the type, regimen, route of admin-
istration, and duration of usage in months of each HC.

Table 1. Number and percentage of women distributed according to the type, regimen, route of administration, and duration of usage in months of each

hormone contraceptive.

Subjects Duration of usageMonths
N=367 (%) Regimen/formulation Oestrogen Progestogen Route of administration (mean+SD)

45 (12.2) 24/4 -combined EE 20ug DRSP 3mg Oral 33+8

52 (14.2) 21/7- combined EE 30ug DRSP 3mg Oral 32+9

39 (10.7) 21/7- combined EE 30ug DNG 2mg Oral 29+6

52 (14.2) 21/7 - combined EE 15pg ENG 120 pg Vaginal ring 26+9

63(17.2) 26/2 -quadriphasic E2V DNG Oral 3610

67 (18.2) 24/4 -combined 17B-E2 1.5mg NomAc 2.5mg Oral 38+9

49 (13.4) 24/4 - combined E4 14.2mg DRSP 3mg Oral 10+5

EE: Ethinylestradiol; E2V: Oestradiol Valerate; E2: Oestradiol; E4: Estetrol; DRSP: Drospirenone; DNG: Dienogest; ENG: Etonogestrel; NomAC: Nomegestrolo

Acetate.
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Table 2. Total testosterone (TT), sexual hormone binding globulin (SHBG), and free androgen index (FAl) percentages in women during hormonal contracep-

tive intake.

T SHBG FAI
Types of hormonal contraceptive (nmol/L) (nmol/L) (%)
EE 20 ug/DRSP 3mg 1.5+0.9 154+18 0.9+0.04
EE 30ng/DRSP 3mg 14+0.2 180+22 0.7+0.03
EE 30ug/DNG 2mg 1.6+0.1 178+21 0.9+0.05
EE 15pg/ENG 120 pg 1.7£0.1 159+£19 1.1£0.05
E2V/DNG 1.6+0.2 57+7 2.8+0.15
178 E2 1.5mg/NomAc 2.5mg 1.7£0.1 619 2.7+0.14
E4 14.2mg/DRSP 3mg 1.6+0.4 45+6 3.1+£0.17

EE: Ethinylestradiol; E2V: Oestradiol Valerate; E2: Oestradiol; E4: Estetrol; DRSP: Drospirenone; DNG: Dienogest; ENG: Etonogestrel; NomAC: Nomegestrolo

Acetate. Values are expressed as means+SD.

Figure 1. Effects of seven hormonal contraceptives (20ug EE/3mg DRSP,
30pug EE/3mg DRSP, 30ug EE/2mg DNG, 15ug EE/120ug ENG, E2V/DNG,
1.5mg 17B-E2/2.5mg NomAc, 14.2mg E4/3mg DRSP) on serum concentra-
tion of sexual hormone binding globulin (SHBG). The number inside each
column refers the average of SHBG.

Figure 2. Effects of seven hormonal contraceptives (20ug EE/3mg DRSP,
30ug EE/3mg DRSP, 30pg EE/2mg DNG, 15pg EE/120pg ENG, E2V/DNG,
1.5mg 17B-E2/2.5mg NomAc, 14.2mg E4/3mg DRSP) on free androgen
index (FAI) percentages. The number inside each column refers the average
of FAl

Seven subgroups were obtained. Specifically, 188 (51.2%)
women were using HCs containing EE, 130 (35.4%) contain-
ing E2V or 17B E2, and 49 (13.4%) containing E4. Moreover,
all progestogens had no androgenic activity. Table 2 shows
TT (nmol/L) and SHBG (nmol/L) values by which was possi-
ble to calculate the FAI percentages.

Figure 1 shows the SHBG values obtained from each
subgroup of women on HCs. Particularly, all values of SHBG
of women on CHCs containing EE were statistically signifi-
cantly higher than those of women on HCs containing E2V,
17B-E2, or E4 (p<0.001). Consequently, the lowest FAI per-
centages were achieved by women using CHCs containing
EE, while the highest ones were by women using HCs with
E2V, 173-E2 and E4 (p<0.001), (Figure 2).

Table 3 shows the sexual feelings and responses to the
FSFI questionnaire of the seven subgroups. Desire scores
were lower in women on CHCs with EE than in those
using HCs containing E2V, 17B-E2, or E4 (p<0.001).
Moreover, no statistically significant differences in desire
scores there were among subgroups of women on CHCs
with EE (p<0.7), neither among women on HCs with E2V,
17B-E2 or E4 (p<0.8); but the desire scores were higher in
women on HCs with E2V,17B-E2 and E4 compared to
those with EE (p <0.001). However, it should be noted that
the women who were using vaginal rings, containing EE
15ug, had better sexual desire than those on oral HCs
containing a higher quantity of EE (p<0.01), but still a
worse sexual desire than those on HCs containing E2V or
17B-E2, or E4. A similar trend was observed for arousal,
lubrication, orgasm, satisfaction, and dyspareunia.
Consequently, the FSFI total scores of women on HCs with
E2V or 17B-E2, or E4 were all above the cut-off (>26.55),
while those of women on CHCs containing EE were below
the cut-off (<26.55), (p<0.001). Only women on vaginal
rings had FSFI scores above the cut-off, although lower
than those using HCs with E2V or 173-E2, or E4 (p<0.001).
Interestingly, women who were on CHCs containing EE
reported personal sexual distress scores slightly higher
than the cut-off (>15). These values were 16.1+1.8,
173119, and 17.6+1.7 for women on EE 20ug/DRSP
3mg, EE 30 ug/DRSP 3 mg, and EE 30 ug/DNG 2 mg, respec-
tively. After handing in the FSFI questionnaire with her
answers, each woman, if she deemed it necessary, was
invited to ask for counselling on her current contraceptive
and sexual function. Of all samples, 11 (24.5%) women on
EE 20 ug/DRSP 3mg, 18 (34.6%) on EE 30ug/DRSP 3 mg,
13 (33.3%) on EE 30ug/DNG 2mg, and 6 (11.5%) using
vaginal ring requested a consultation exclusively for the
negative impact of CHC on sexual desire. However, switch-
ing to another contraceptive was not among the objec-
tives of the current study, therefore no data were reported.

Interestingly, sexual desire scores had a negative correla-
tion with the SHBG values (r= —0.95; p<0.001) and a posi-
tive correlation with FAI percentage (r=0.97; p<0.0001).
Similarly, FSFI total scores had a negative correlation with
SHBG values (r= —0.90; p<0.004), and a positive correlation
with FAl percentage (r=0.90; p<0.005). Conversely, FSDS
scores had a positive correlation with SHBG value (r=0.78;
p<0.03), and a negative correlation with FAIl percentage (r=
-0.77; p<0.04).

Finally, a correlation was still observed in women using
CHCs with EE; it was negative between FSFI and SHBG (r=
—0.52; p=0.04) and positive between FSFI and FAI (r=0.70;
p=0.03). Interestingly, a positive correlation was observed
between FSDS and SHBG (r=0.60) and a negative
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Table 3. Female sexual function index (FSFI) and Female sexual distress scale (FSDS) scores in women during seven hormonal contraceptives intake.

EE 20pg DRSP EE 30pg DRSP EE 30pg DNG EE 15pug 17B-E2 1.5mg E4 14.2mg
3mg 3mg 2mg ENG 120 pg E2V DNG Nomac 2.5mg DRSP 3mg
FSFI items n. 45 n. 52 n. 39 n. 52 n. 63 n. 67 n. 49
Desire 3.1+1.2 34+17 3315 4+1.1 51+17 52+13 54+14
Arousal 35+13 35+14 34+13 41£15 45+1.1 46+1.1 48+13
Lubrication 4217 35+15 36+1.7 49+14 49+15 52+12 53+12
Orgasm 41£13 29+16 3.1£22 44+13 4714 48+1.1 5115
Satisfaction 33+1.2 32+14 3.1+13 48+12 49+13 49+1.2 54+14
Dyspareunia 44x15 33+17 3217 5+15 53+18 55+1.2 55+17
FSFI score 226+1.8 19.8+2.7 19.7+23 272%15 294+1.9 30.2+1.6 31515
FSDS score 16.1£1.5 17113 17.6x1.2 11516 101£15 93+14 10.4+1.1

Notes. EE: Ethinylestradiol; E2V: Oestradiol Valerate; E2: Oestradiol; E4: Estetrol; DRSP: Drospirenone; DNG: Dienogest; ENG: Etonogestrel; NomAC: Nomegestrolo

Acetate.
Values are expressed as means+SD.

correlation between FSDS and FAI (r= —0.50), but both were
not statistically significant (p>0.05). Regarding women on
CHCs with E2 and E4, a negative correlation between FSFI
and SHBG (r= —0.60: p=0.01) and a positive correlation
between FSFI and FAl (r=0.53; p=0.02) were observed.
Furthermore, there was a negative correlation between
FSDS and SHBG (r= —0.60: p=0.01) and a positive correla-
tion between FSFI and FAI (r=0.53; p=0.02)

Discussion
Findings and interpretation

This study measured the sexual desire levels in women on
CHGs. Firstly, women who were using CHCs containing EE
had higher levels of SHBG and a lower percentage of FAI
than women who were on CHCs containing natural oestro-
gens (E2V or 17B-E2), or native oestrogen (E4). Moreover,
sexual desire and FSFI scores positively correlated with FAI,
and negatively with SHBG, and vice versa, FSDS negatively
correlated with FAl and positively with SHBG. This trend
was also noticed by analysing the aforementioned correla-
tions of two subgroups consisting, on the one hand, of
women who were using CHCs with EE and, on the other
hand, of those who were using CHCs with E2 and E4,
except for the correlation between FSDS and SHBG or FAI
in the women on CHC with EE, which was not statistically
significant. Therefore, even if sexual function appears to be
statistically significantly correlated with SHBG (negatively)
and FAI (positively) in women using CHCs with EE, and the
FSDS scores are dysfunctional, sexual distress does not
seem to be a decisively influential aspect in all women.
These data reflect what happens in clinical practice: in fact,
not all women who use CHCs with a strong androgenic
component suffer from hypoactive sexual desire or sexual
dysfunction. Moreover, FSFI scores were below the cut-off
(<26.55) in women on CHC with EE, and above it in those
on CHC with E2V, 173-E2, and E4. This may also have been
due to all the other sexual function items included in the
FSFI questionnaire such as arousal, lubrication, orgasm, sat-
isfaction, and dyspareunia, which reached lower values in
women on CHCs with EE compared to those with E2V,
17B-E2, and E4.

Beyond the common adverse events, such as weight
gain, abnormal menstrual bleeding, breast pain, and
migraine, that may cause discontinuation of CHCs [28], a
decrease in sexual desire could be experienced by the users
as a result of circulating androgen decrease [29]. However,
the effects of CHCs on sexual function remain controversial.

A minority of CHC users undergo changes in sexual func-
tion, such as sexual desire disorder [30,31]. This was also
highlighted in the current study, in which a minority of
women who were using CHCs with EE stated that they
experienced a decreased sexual desire.

Physiologically, ovarian steroids appear to modulate the
sexual activity of women. A linear correlation between sex-
ual activity and hormonal profile was previously observed,
specifically for TT and FAI, the highest values of which were
observed during the periovulatory phase. In women who
were not using hormonal contraceptives or who were tak-
ing non-hormonal contraceptives, sexual desire increased
during the periovulatory phase of the menstrual cycle [32].
At midcycle, the gradual increase in oestrogen promotes
the thinning of the cervical mucus, which results in watery
secretion with low viscoelasticity. Moreover, androgens are
required for the synthesis of the glycoproteins needed for
mucous formation [33]; this may explain the decreased vag-
inal lubrication noted by some women when they are using
a hormonal contraceptive with antiandrogenic activity. In
addition, hypoandrogenism may cause the onset of vulvo-
dynia and contribute to impaired vaginal lubrication, partic-
ularly in women with polymorphisms of the androgen
receptor gene [34].

Differences and similarities in relation to other studies

Most of the studies highlighting the negative effect of
CHCs on sexual function did not consider the type, regi-
men, and route of administration, but CHCs as a whole.
Recently, authors observed that antiandrogenic properties
of CHCs, containing EE and antiandrogenic progestins, pro-
voke decreases in vaginal blood flow and lubrication, and
female sexual arousal disorder [35].

A literature review and meta-analysis demonstrated that
CHCs containing EE decrease circulating levels of TT and
free T and increase SBHG concentrations. Due to the SHBG
increase, free T levels decreased twice as much as TT [13].
The EE dose and progestin type of the CHC did not influ-
ence the reduction of TT and free T directly, but both
affected SHBG [36].

Strengths and weaknesses

The strength of the study consists in having investigated
bio-hormonal areas that could influence adherence to hor-
monal contraception. The negative effects on sexual desire
that some women experience when using hormonal con-
traceptives with high antiandrogenic activity may cause
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discontinuation of the method. Four EE-containing CHCs
were studied for the aims of the study, as they differ from
each other in the amount of EE and the quality of the pro-
gestogen, and in their regimen and route of administration.
Moreover, they are CHCs commonly prescribed by doctors
to women requiring contraception. Today, being able to
choose between hormonal contraceptives with a lower
antiandrogenic impact can improve the quality of a wom-
an’s sexual life. Therefore, if there is no need to use hor-
monal contraceptives for non-contraceptive purposes, for
example, to modulate hyperandrogenic events, choosing a
contraceptive containing natural oestrogens or native oes-
trogen may be best. The main limit of our study was the
small sample number in each subgroup of CHC users, but
also to have enrolled women who were on CHCs contain-
ing only antiandrogenic progestins and were using SARC.
Moreover, no women on transdermal contraceptives partic-
ipated in the study. To measure the SHBG and FAI values in
women on CHCs containing progestin with androgenic
properties, or only-progestin contraceptives, and correlate
them with the sexual desire of users, future studies will
be needed.

Clinical implications and future research

Women may independently decide to discontinue hor-
monal contraception not only for method-related reasons,
such as weight gain, abnormal menstrual bleeding, breast
pain, and migraine but also for not commonly known rea-
sons, such as sexual disorders. Unlike the former, desire dis-
orders that could arise during the intake of HCs are unlikely
to be reported to the physicians, mainly due to the wom-
an’s embarrassment in talking about it. The risk of HC dis-
continuation is to have an unwanted pregnancy. Currently,
CHCs containing EE and progestin with antiandrogenic
properties could be used for non-contraceptive purposes,
for example, to treat hyperandrogenic disorders. The reduc-
tion of aesthetic signs due to hyperandrogenism usually
improves the quality of life and sexual health of users,
based on CHC compounds and regimens [37]. Contrarily,
when CHCs are prescribed for better risk-free sexuality,
such as to avoid pregnancy, the effects of their high antian-
drogenic activity could affect the quality of sexual life in
some women. This could be the reason to use CHCs with
lower antiandrogenic impact, mainly used CHCs containing
natural or native oestrogens. However, not all women with
reduced androgenicity experience sexual disorders or com-
plain that they have suffered from sexual changes since
they started using COC. Different biopsychosocial variables
can contribute to modifying the quality of the sexual life of
a woman. On the other hand, one person, unlike another,
may experience a reduction in androgens, and this gives
further meaning to the difference between individuals, but
also the concept of tailoring contraception.

Conclusion

Today some strategies for better HC usage could be taken
into consideration to improve a woman’s sexual health,
such as switching from dysfunctional to more functional
methods [38]. Therefore, it would be important to investi-
gate the sexual activity of a woman to whom HC is about

to be prescribed to better choose which one would be
most suitable for her. We have learned not to expect one
hormonal contraceptive to be the solution to all problems
[9]. The concept that all women are different and variably
sensitive to HC steroids has to be emphasised [39]. We
have entered an era where it is possible to adopt the con-
cept of tailoring an HC to a particular woman, thanks to
the fact of being able to choose HCs no longer only with
EE, but also among those containing natural oestrogens or
native oestrogen, even if they are combined with antian-
drogenic progestin. This choice could allow the antiandro-
genic effects of HCs to be reduced.
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