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CHANGES IN SEXUAL FUNCTIONING IN WOMEN OF REPRODUCTIVE AGE WITH INFERTILITY
AND DIMINISHED OVARIAN RESERVE

Gavisova AA B, Stenyaeva NN, Gardanova ZR, Nazarenko TA, Dolgushina NV
Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia

Androgens play a key role in the physiology of the female body and the reproductive system. Androgen receptor expression in the various tissues points to the
importance of androgens in the regulation of the female sexual and social functioning. The study aimed to evaluate sexual functioning in women with infertility
and diminished ovarian reserve (DOR) using the Female Sexual Functioning Index questionnaire (FSFI). A cross-sectional study of 496 patients with infertility and
DOR assessed the degree of sexual dysfunction in conjunction with the changes in the androgenic profiles as indicated by the androstenedione levels in the blood
serum. Women with infertility and DOR were significantly more likely to report changes in sexual functioning, including a decrease in libido and in the quality and
frequency of sexual relations. Furthermore, patients with normal androstenedione levels generally significantly outscored patients with decreased androstenedione
levels (average questionnaire scores 21.2 + 7.2 and 15.17 + 3.0 respectively), indicating a lesser degree of sexual dysfunction in the former group; on the other
hand, the latter group reported increased pain and decreased attraction, arousal, lubrication, orgasm, and satisfaction. Hormonal profile changes in patients with
DOR, including decreased androstenedione levels, significantly impact sexual functioning, and their detection in clinical practice will allow to objectify complaints at
an earlier state in order to assess the severity of sexual dysfunction and determine further personalized management tactics.
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BINUAHUE TOPMOHAJIbHOIO CTATYCA HA CEKCYAJIbHYIO AKTUBHOCTb >XXEHLLH
PEMPOOYKTUBHOIO BO3PACTA C BECIJIOANEM

A. A. lasnicosa ¥, H. H. CtenrsieBa, XK. P. Tapparosa, T. A. Hazaperko, H. B. [JonrywmHa
HawmoHanbHbI MEULIMHCKI CCNEeA0BaTENbCKUN LIEHTP aKyLLIepCTBa, MMHEKONorin 1 nepyHaronorum nmenn B. . Kynakosa, Mocksa, Poccus

AHOPOreHbl UrpaloT OfHY U3 KIOYEBbIX PONEn B (PU3MONOMM XKEHCKOrO OpraHMama v PenpoayKTVIBHOM CUCTEMbI. DKCMPECCHs aHAPOreHHbIX PeLenTopos B
Pa3INYHbIX TKaHSX CBUAETENbCTBYET O BEXKHOW PO aHAPOrEHOB B PEMYSALIN CEKCYaNTbHOMO 1 COLMANBHOMO (PYHKLIMOHMPOBaHMS XEeHLLMH. Liensto nccnenosanns
ObINO OLEHNUTL CeKCyanbHOE YHKLVIOHNPOBAHWE Y XKEHLLMH C 6ECNNOANEM 1 CHKEHHBIM OBapuanbHbIM pe3epsoM (COP) no pesynstatam onpocHuka «/Hgexkc
YKEHCKOW cekcyanbHomn dhyHKumm» (Female Sexual Function Index, FSFI). B ogHoMoMeHTHOM rccnenosaHim y 496 naupeHTok ¢ 6ecnnogviem 1 COP npoBenn OLgHKY
HapyLLEHWIN CEKCYanbHOroO (OYHKLMOHNMPOBAHMS 1 X B3aUMOCBSA3MN C N3MEHEHUAMI @aHAPOrEHHOrO NPONS, OCHOBAHHOMO Ha KOHLIEHTPALMM aHAPOCTEHAMOHA
B CbIBOPOTKE KPOBW. YKeHLLmHbI ¢ 6ecnnogmem npy COP cTatmcTnyecky 3Ha4MMOo Halle 0TMeqan N3MEeHeHe CeKCyanbHOro (OyHKLMOHNPOBAaHKSA, B TOM YnCie
CHIKEHME CNOCOBHOCTY W HaCTOTbl CEKCyaslbHbIX OTHOLIEHWUI, MBMAO. NS »KeHWUH ¢ 6ecnnognemM v U3MeHeHHbIM oBapuasibHbIM PE3EPBOM C HOPMaUTbHBIM
YPOBHEM aHAPOCTEHAMOHA XapaKTepeH CyMMapHO 60nbLUMIA 0BLLMIA Bann (21,2 + 7,2), YTO rOBOPUT O MEHbLLEN CTEMEHI BbIPaXKEHHOCTI HAPYLLIEHWIA CEKCYaslbHOro
(DYHKLMOHMPOBAHNA MO CPABHEHMIO C MPYNMNOM CO CHYKEHHbBIM YPOBHEM aHOPOreHOB, CpeaHuin 6ann B KOTOPOW CTaTUCTUHECKM 3Ha4MMO Hke (15,17 + 3,0).
Kpome Toro, HabmoaaroTcs CHUDKEHUE BreYeHns, BO3OYXAeHUS, YAOBNETBOPEHNS, opra3mMa, Mobpukauum 1 yeenndeHie 6onesbix OLLyLLeHWA. I3meHeHne
FOPMOHaBHOrO NPOMKNA Y NaumeHTok ¢ COP 1 CHKEHEM YPOBHS aHAPOrEHOB BHOCUT 3HaYMMbI BKIAA, B CEKCyaibHOE (DYHKLIMIOHMPOBAHWE, 1 €ro BbIBNEHNE B
KIMHUYECKOW NPaKTVIKe NMO3BOMT Ha 6onee paHHeM aTane NpoBeCTY OOBEKTVBI3ALIMIO Xanob v OLIEHNTb BbIPaXKEHHOCTb CEKCyarlbHbIX HAPYLLEHNIA Yy MONOABIX
>KEHLLVH ¢ 6ecnnogmnem ¢ Lienbto onpefeneHys ansHenLei NepcoHnMULMPOBaHHOM TaKTVIKN BEAEHNS.
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Many modern women prioritize career development and then
partner choice in their lifestyle; the decision to have a child is
made later in life, by the age of 35-38 years, as dictated by
changes in levels of reproductively significant hormones before
the occurrence of disturbances in the menstrual rhythm. This
hormonal profile change clinically manifests by the age of 40
years. It is associated with changes in folliculogenesis and
contributes to the structure of infertility [1], which is defined by
the inability to achieve pregnancy after at least a year of regular
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sexual intercourse. In women with diminished ovarian reserve
(DOR), changes in sexual functioning are associated with the
anti-Mullerian hormone (AMH) levels.

Androgens, which form certain behavioral features including
sexual functioning, most prominently so in males, play a major
role in folliculogenesis. The production of androgens under
the influence of the luteinizing hormone (LH) stimulates the
appearance of follicle-stimulating hormone (FSH) receptors on
granulosa cells. The process of differentiation and maturation
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of follicles, especially in FSH-dependent early antral stages,
likewise involves androgens [2].

Expression of androgen receptors (AR) in the various tissues,
such as the central nervous system and reproductive organs,
indicates the importance of androgens in the regulation of the
female sexual and social functioning. Gonadectomy leads to
changes in hippocampal neuroplasticity, depressive behavior,
and suppression of sexual motivation.

The brain is among the main targets for sex hormones,
both for estradiol as a central modulator of sexual desire, and
for testosterone, the so-called "king" of sexuality. Androgens
are instrumental in maintaining all phases of sexual functioning
and significantly impact many neural and behavioral functions
through both genomic and non-genomic effects [3].

ARs in the medial preoptic region of the hypothalamus,
the region of the brain that regulates sexual behavior, have a
high affinity for dihydrotestosterone (DHT). The neuroendocrine
mechanisms underlying the effect of testosterone on female
sexual functioning are studied through direct stimulation of
ARs or through conversion of androgens to estrogens and
subsequent binding to estrogen receptors [4].

Androstenedione (A) is a precursor of androgens (including
testosterone) and estrogens in the body. Due to the difficulties
in determining the level of androgens and the absence of
lower reference values in women of reproductive age, focus
on androstenedione levels is an acceptable approach to
androgenic profile analysis in patients with DOR.

The Female Sexual Function Index questionnaire (FSFI) is
commonly used to assess sexual functioning in women, and
allows assessment of the severity of sexual dysfunction caused
by low androgen levels [5, 6].

All of the above led to the current study, which aimed to
assess the severity of sexual dysfunction in patients with
infertility and DOR with psychodiagnostic testing.

METHODS

The cross-sectional study with a parallel group design enrolled
496 female patients aged 18-42 years with confirmed infertility

and DOR. Exclusion criteria: surgical menopause (bilateral
oophorectomy or hysterectomy); hormone-producing tumors;
body mass index (BMI) < 18 kg/m? or = 30 kg/m?; HIV and
other immunodeficiency conditions; rheumatic diseases;
immunomodulatory therapy; glucocorticoids, combined
oral contraceptives, other hormonal drugs; intrauterine
contraception; oncological diseases; pregnancy and lactation.
Medical history collection accounted for current age, age of
menopause onset in the mother, and BMI.

The hormonal profile was  determined by
immunochemiluminescent analysis (ICLA). ROC analysis
was performed for all hormones, with AUC > 0.6 as the
primary criterion for prognostic significance. The sensitivity
and specificity of the models were calculated using logistic
regression for use as prognostic factors for low androgen levels.
The concentration of androstenedione turned out to be the most
prognostically significant parameter (cut off point = 7.034) (see Fig.).

Patients were assigned into groups depending on A levels
based on the results of the hormone analysis: group 1 — 256
women with reduced A levels (< 7.0 nmol/l), group 2 — 240
women with normal A levels (> 7.0 nmol/l).

Female sexual functioning was assessed in six domains:
attraction, arousal, lubrication, orgasm, satisfaction, and pain.
Domain-specific scores were calculated for each domain by
multiplying the initial score (0(1)-5) by a factor, with the sum
of scores in all six domains as the total score. Each patient
answered the questionnaire twice with an interval of one month
in order to confirm the result. The threshold value for healthy
women with no sexual dysfunction is 29 points; a low total
score corresponds to more pronounced sexual dysfunction [5, 6].

Statistical data processing was performed using the
statistical software package Statistica V10 (StatSoft Inc.; USA).
The type of quantitative data distribution was determined using
the Kolmogorov-Smirnov test and graphical analysis of the
data before conducting comparative analysis. For normal data
distribution, the mean value (M) with standard deviation (SD)
was calculated; the differences between the two groups were
assessed with t-test. For data distribution patterns differing from
normal, the median and interquartile range were determined;
the differences between the two groups were assessed with
the Mann-Whitney U test. The differences were considered
statistically significant at p < 0.05.

RESULTS

The study participants were women of reproductive age with
infertility and DOR who applied to achieve pregnancy in the
IVF/ICSI program at the Kulakov National Medical Research
Center for Obstetrics, Gynecology and Perinatology, Moscow,
Russia. The average age of the women was 37.3 + 2.4 years.
All patients had a regular menstrual cycle with the average
duration of 27.4 + 2.1 days. All patients demonstrated a high
level of intelligence and social responsibility.

30% of the patients had a history of surgical interventions
(appendectomy or diagnostic laparoscopy, including linked with
tubal-peritoneal factor). One in three patients noted a history
of ureaplasma parvum while providing information on past
inflammatory and infectious diseases of the genital organs. On
average, more than three programs of assisted reproductive
technologies (ART) (IVF and cryoprotocol) terminating with a
negative result at the stage of hormonal verification of pregnancy
were noted in medical history. The duration of infertility was
6.8 = 5.9 years; 349/496 (70.6%) patients had primary infertility.
2.7 + 2.2 ART cycles were performed. A history of pregnancies
ending in childbirth was noted in 49/147 (33.3%) patients;
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Table 1. Hormonal characteristics of patients in the study group
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n=496 A < 7.0 nmol/l A >7 nmol/l p
(n=256) (n=240)
LH, mlU/ml 5.3 (2.8-8.3) 5.1 (3.2-9.8) 0.112
FSH, miU/ml 7.9 (6.3-9.5) 6.7 (4.6-8.8) 0.1009
T, hmol/l 0.7 (0.5; 1.2) 1.1(0.6; 1.7) 0.0586
T, pg/ml 1.7 (0.6; 2.1) 2.1(0.7; 3.3) 0.4696
DHT, pg/ml 294 (152; 554) 269 (201.5; 422.0) 0.0768
DHEAS, pmol/I 4.5(2.4;6.8) 4.6(2.6;7.7) 0.2019
17-OP, nmol/I* 2.2(1.0;4.3) 3.15(2.3; 3.8) 0.0174
A, nmol/I* 45(2.5;7.0) 8.9 (7.1;11.6) <0.001
AMH, ng/ml* 1.0 (0.4; 4.2) 2.7 (1.3;5.6) <0.001

Note: data presented as median (lower and upper quartile); * — Mann-Whitney test, p < 0.05; LH — luteinizing hormone; FSH — follicle-stimulating hormone;
T, — total testosterone; T, — free testosterone; DHT — dihydrotestosterone; DHEAS - dehydroepiandrosterone sulfate; 17-OP — 17-hydroxyprogesterone; A —

tot

androstenedione; AMH — anti-Mullerian hormone.

medical abortion for various indications in 28/147 (19%)
patients; pregnancy terminations in the early stages (6-7 weeks
gestation) in 52/147 (35.4%) patients. BMI in patients was
24.6 + 5.4 kg/m?.

The hormonal profile analysis revealed statistically significant
differences in 17-OF, A, and AMH levels between the study
groups (Table 1).

All patients were tested to assess sexual functioning.
Women with infertility and DOR at A > 7.0 nmol/l generally
scored higher (21.2 + 7.2), indicating a lesser degree of sexual
dysfunction. In the group with A < 7.0 nmol/l, the average score
was significantly lower (15.17 + 3.0). Domain-specific scores for
attraction, arousal, lubrication, orgasm, and satisfaction were
higher in the former study group; the domain-specific score for
pain was higher in the latter study group.

The questionnaire data links laboratory-confirmed
A < 7,0 nmol/l to sexual dysfunction in women with infertility
and DOR (Table 2).

DISCUSSION

The study aimed to determine the severity and prevalence of
sexual dysfunction in patients of reproductive age with infertility
and DOR.

The tissues with androgen receptors, including those in
the nervous system, are the first to respond to changes in
androgen levels, which corresponds to the areas of sexual
dysfunction identified in our study, such as decrease in libido,
in amount and quality of orgasms, and in satisfaction with
intercourse [7].

Female sexual dysfunction is multifaceted; its occurence
depends on the age and ethnicity of the woman. In a study of
1749 patients aged 18-59 years, sexual dysfunction was found
more often in women (43%) than in men (31%) [8]. With the

rhythm of the menstrual cycle remaining the same, the number
of antral follicles and AMH decreases, and estrogen levels
depend on the presence of a leading follicle. Hypoestrogenism
occurs close to the menopausal period, while a reduced level
of androgens, in particular dehydroepiandrosterone (DHEA),
manifests long before the onset of menopause. Numerous
studies show a reduced level of DHEA (which has weak
androgenic activity and is involved in sex hormone synthesis)
observed in women as young as 30 years [9].

Reduced synthesis of sex steroids in the blood serum,
as an additional component to the sexual dysfunction,
further aggravates the psychological discomfort of a woman
[10]. We show that sexual dysfunction is more common in
patients with low androgen levels. In particular, problems
in all domains covered by the FSFI questionnaire, including
decrease in arousal and libido, are significantly more
frequent. These results are consistent with those of another
study where low androgen levels were found in post-
menopausal women and linked with a decrease in libido
with a relative preservation of physiological mechanisms of
sexual function [11].

In our study, decrease in sexual functioning correlated with
low levels of AMH, 17-OP, and androsteneodine. Similarly, a
study of women with hypoactive sexual dysfunction revealed
significantly lower levels of two testosterone precursors, A
and DHEA-C. Other authors likewise associate the existing
relationship between low androgen levels and sexual desire
with DHEAS levels [12].

Use of estrogens as part of menopausal hormone
therapy (MHT) in postmenopausal women is associated with
slight improvement in sexual functioning without effect on
libido [13], while in a randomized placebo-controlled study
during combined MHT with testosterone medications in
postmenopausal women, resulting normalization of levels

Table 2. Comparative assessment of the women's sexual functioning according to the FSFI questionnaire data (M + SD)

A < 7.0 nmol/l (n = 256) A > 7 nmol/l (n = 240) P
Attraction® 2.58 +0.95 3.45+1.55 0.003
Arousal* 215+0.8 2.98 +1.39 0.003
Lubrication* 2.88 + 0.49 3.96 + 0.87 < 0.001
Orgasm* 24+0.8 3.48 + 1.36 < 0.001
Satisfaction* 2.68 +£0.98 3.54 £1.43 0.002
Pain* 245+1.0 3.79+1.26 < 0.001
Total* 15.17 £ 3.0 212+7.2 < 0.001

Note: * — Student's t-test, p < 0,05.
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of total and free testosterone was linked to improved sexual
functioning, including sexual satisfaction, general well-being,
and mood [14], which also confirms the role of androgens in
maintaining sexual functioning.

Decreased levels of androgens contribute significantly
(possibly decisively) to impaired sexual functioning. It is
not always possible to determine the early changes in the
androgenic profile using only laboratory data, since clinical
diagnosis is generally retrospective, when the changes are
already pronounced [15]. The probable decrease in the
concentration of sexual receptors may also narrow the window
of therapeutic possibilities.
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