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The aim was to assess the status of reproductive function of infertile women after COVID-19 infection.

Materials and methods. The thorough examination included 120 patients who appealed to the reproductive clinic for infertility treat-
ment. These women were divided into 2 groups: the main group — 80 women after COVID-19 infection (exclusion criteria — patients solely
with the male factor of infertility), and the comparison group included 40 patients without COVID-19 infection in anamnesis.

Results. Patients with infertility and «long-COVID» have more pronounced disorders of the reproductive function compared to women without
history of COVID-19 infection, namely: a decrease in the ovarian reserve (28.8% vs. 10.0%; p<0.05), various menstrual disorders (35.0% vs.
12.5%; p<0.05), including amenorrhea, irregular menstrual cycle and luteal phase insufficiency, high prevalence of genitourinary infections
(37.5% vs. 17.5%:; p<0.05). Against these disorders background, patients with «long-COVID» have significantly inferior results of in vitro fertil-
ization programs: one in five has «poor ovarian response» (21.3% vs. 2.5%; p<0.05). Clinical pregnancy was diagnosed in 22.5% of patients
versus 40.0% (p<0.05), and 2 women had a pregnancy loss in the 1st trimester, while all 16 women in the comparison group carried fetuses
to live birth, i.e., the live birth rate was 20.0% versus 40.0% (p<0.05).

Conclusions. Determined changes in reproductive function may be directly or indirectly related to the «long-COVID» consequences, name-
ly, a high level of stress, anxiety and depression, pernicious habits, general fatigability that leads to a sedentary lifestyle, sleep disturbances,
the developing or exacerbation of somatic pathologies, among which stand out metabolic disorders and pathology of the liver and gastroin-
testinal tract.

This study was conducted in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by
the Local Ethics Committee of the abovementioned institution. Informed consents of the women were obtained for participation in this study.
The author declares no conflicts of interest.

Keywords: woman, reproductive function, COVID-19, long-COVID, infertility, assisted reproductive technologies.

CTaH penpoayKTUBHOT PYHKLIT XIHOK i3 Oe3nnigaam
nicnga nepeHeceHoro 3axeopioBaHHa Ha COVID-19
I.C. NnoByak

IBaHO-PpaHKiBCbKMIA HaUjOHaNbHWI Meau4HInIA yHiBepcuTeT, YkpaiHa

MeTa — OUiHWTV CTaH PenpoayKTMBHOI BYHKLI XIHOK i3 6e3mniaaamM nicna nepeHeceHoro 3axsopioBanHsa Ha COVID-19.

MarTepianu Ta meTogm. /10 KOMMIEKCHOro 06CTeXEeHHS 3anydeHo 120 nauieHTok, sKi 3BEPHYIMCA A0 KNIHIKM PenpoayKTUBHIX TEXHONOTIN
3 NpvBOAYy NikyBaHHSA 6e3Miaad, KX NOAINeHo Ha ABi rpynn: ocHoBHa rpyna — 80 xiHok nicna COVID-19 (kpuUTepin BUNYHEHHA — NauieHTKM
3 TiNIbKM HOMOBI4MM DakTopom 6esrnninan), rpyna nopisHAaHHA — 40 nauieHTok 6e3 COVID-19 B aHaMHesi.

Pesynbratu. Y naujeHTok i3 6e3nnigasam i «<noHr-COVID» BiamMivaloTses Gibll BUpaxeH NOPIBHSAHO 3 XiHkamu 6e3 NepeHeceHoro 3axsopio-
BaHHs COVID-19 nopyweHHa penpoaykTMBHOI Chepu: 3HVKEHH:A OBapianibHOro pedepsy (28,8% npotn 10,0%; p<0,05), pisHOMaHITHI nopy-
LWEHHS MEHCTPYansHOro umkiy (35,0% npotn 12,5%; p<0,05), 30kpema, ameHopes, HEPErynsgpHUI LMK Ta HEJOCTaTHICTb NIOTEIHOBOI dhaan,
BMCOKUI PIBEHb MOLIMPEHOCTI cevocTaTeBux iHbekuin (37,5% npotu 17,5%; p<0,05). Ha i unx nopyLueHb y NauieHTok i3 «noHr-COVID» 3Haq-
HO ripLUi peaynbTaTy Nporpam ekCTPakopnopaibHOrO 3amiAHEHHS: Y KOXHOI N'aToi «GiaHa BianoBiab se4Hnkie» (21,3% npotu 2,5%; p<0,05).
KniHiyHa BariTHICTb miarHoctoBaHa y 22,5% naujeHtok npotn 40,0% (p<0,05), npryomy 2 XiHk1 BTRATWAW BariTHICTb Y | TOUMECTPI, TOA)
AK yCi 16 XIHOK rpynu NOPIBHAHHS AOHOCWM BariTHICTb 10 HAPOAXEHHS ANTUHK, TOOTO YacToTa XMBOHapPOAXeHHst ctaHoBuna 20,0% npoTtn
40,0% (p<0,05).

BucHoBKU. BCTaHoBNEHI 3MiHM PenpoayKTMBHOI MYHKLT MOXYTb OyTv NpaMo abo onocepeakoBaHo NOB'A3aHi 3 Hacniakammn «noHr-COVID»,
30KpeMa, BIUCOKMM PIBHEM CTPECY, TPMBOXHOCTI | AENPECI], LWKIAIMBUMK 3BUYKAMN, 3arajibHO BTOMOIO, AKa MPU3BOANTbL A0 ManopyxanBoro
CnocOBy XUTTH, MOPYLIEHHST CHY, BUHUKHEHHS aB0 3aroCTPEHHsI COMaTU4HOI Natonorii, cepen Kol BUANSITLCA MeTaboniyHi NopyLIeHHs Ta
naTonoria NEYiHKM i LWTYHKOBO-KMLLKOBOIO TPAKTY.

JloCniaxXeHHs BMKOHaHO BIANOBIAHO A0 NPUHLMNIB [eNbCIHCHKOI Aeknapadii. [poToKoN A0CNIAXEHHS yXBaneHO JToKanbHNM eTUYHUM KOMITE-
TOM 3a3Ha4eHoi B po60oTi ycTaHOBW. Ha npoBEeAEHHS AOCHIAXEHb OTPUMAHO IHPOPMOBAHY 3rofly KIHOK.

ABTOP 3asBASE NPO BIACYTHICTb KOHOIKTY iIHTEPECIB.

Kntouosi cnoea: xiHka, penpoayktsHa GyHkuis, COVID-19, noHr-COVID, 6e3nniaas, A0NOMiIXHI penpoayKTUBHI TEXHONOTI.

Introduction

One of the basic medical and social problems
is the protection of the reproductive
health of childbearing women, because the female
population is the main demographic resource
of any country. Reproductive health is a

fundamental human right that is crucial for
the health, well-being and quality of life of
individuals, families and communities, society,
and the state as a whole.

Today, the complex concept of sexual and
reproductive health is often used. Aware of the
importance of sexual and reproductive health,
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in 2015 the UN included its protection in the
objects of global 17 sustainable development goals
(SDGs) 2030 [13].

The socio-political changes that have taken
place in Ukraine in recent decades have been
accompanied by an important transformation
of the quality and style of life, the level of health,
in particular reproductive health [6]. Negative
medico-demographic trends have aggravated
even more as a result of the coronavirus disease
2019 (COVID-19) pandemic and against the
background of the armed conflict with the Russian
Federation on 2014 and the full-scale intervention
of the aggressor on February 24, 2022 [10].

The COVID-19 pandemic caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has spread around the world and led
to unprecedented medico-social consequences
due to specific features of the virus, such as the
ability to avoid the immunological response; tissue
tropism; the ability to damage various organs and
systems [2].

As 3-years studies have shown, most patients after
«recovery» have a burden of delayed complications
[3]. A large cohort study that included patient data
6 months after recovery showed a significant number
of patients with persistent complaints of fatigue,
muscle weakness, sleep problems, anxiety, and
depression [7], which are manifestations of a new term
called «post-COVID-19 syndromes» [11]. Obesity,
comorbid chronic respiratory disease, decreased lung
function, and female gender have been reported as
potential risk factors for long-term outcomes [5].

To date, the role of SARS-CoV-2 infection
in organs and systems other than the lungs and
respiratory tract remains less clear. In particular,
how SARS-CoV-2 can directly or indirectly affect
the reproductive system in the long term remains
to be studied [4]. Direct side effects are associated
with the cytopathic actions of viral colonization,
while indirect effects — with exacerbations caused
by cytokine storm, inflammatory reactions,
psychological ~disorders, and obesity [12].
Ukrainian researchers studied the specifics of the
course and clinical consequences of the COVID-19
infection during pregnancy [8, 9].

The aim was to assess the state of reproductive
function of infertile women after COVID-19
infection.

Materials and methods

To determine the possible impact of COVID-19
on women’s reproductive health, a thorough exa-

mination included 120 patients who appealed to
the clinic of reproductive technologies for the
treatment of infertility. These women were divided
into 2 groups: the main group — 80 patients who
had COVID-19 in past and showed signs of «long-
term COVID-19», the comparison group — 40 pa-
tients without a history of COVID-19 infection.

The study was conducted in accordance with
the basic principles of the GCP ICH/Declaration
of Helsinki and agreed with the ethics committee of
the Ivano-Frankivsk National Medical University.
All researches were conducted after obtaining
informed consent from the patients for diagnosis
and treatment.

The obtained data were handling by the methods
of variation statistics accepted in medicine, using
Fisher’s angular transformation (to compare groups
of patients according to indices represented by
incidences in percentages in the group) with a critical
value for significance level of p<0.05. The Microsoft
Excel statistical analysis package was used.

Results and discussion

The frequency of main symptoms of <«long-
COVID» in the main group (Fig. 1) ranged from
22.2% to 82.2%. However, these symptoms are non-
specific and can accompany chronic fatigue, stress,
be a sign of vegetative-vascular and other disor-
ders; therefore they are also noted in patients from
the comparison group, although with a significant-
ly lower incidence. The common symptoms were
general fatigue (82.5%) and headache (73.5%).

In the main group, the majority (66.3%)
of women mentioned cognitive disorders (forget-
fulness, decreased attention, concentration diffi-
culty, lack of mental clarity — the so-called «brain
fog»), which was accompanied in half of the pa-
tients by sleep disturbances (53.8%), anxiety and
depression (47.5%). A significant number of wo-
men also complained of pain in joints (45.0%) and
muscles (52.5%), epigastric discomfort (46.3%),
heart consciousness (42.5%) and shortness of
breath (42.5%). Orthostatic intolerance (dizziness
or other symptoms provoked by standing upright,
sometimes can also occur in a sedentary position)
was noted in every fourth (22.5%) woman.

A distribution analysis of the studied groups
by age (Fig. 2) showed that the largest propor-
tion of patients with «long-COVID» was from
30 to 34 years old (48.8%), while in the compari-
son group the majority of women ranged from 25
to 29 years (37.5% vs. 22.5% in the main group,
p<0.05). Among patients with <«long-COVID»,
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Note: a significant difference relative to pregnant women of the comparison
group was established for all indicators (p<0.05).

Fig. 1 The frequency of main symptoms of «long-COVID»
in women with infertility

there were a slightly larger number of patients
over 35 years of age, but the difference with the
comparison group was not statistically significant
(25.0% vs. 17.5%, p>0.05). Such differences may
be related to the greater susceptibility of older age
groups to infection and more severe consequences
of COVID-19.

An analysis of the main social and living
factors(Table 1)that,accordingtomodernconcepts,
can cause health disorders, revealed their high-
er incidence in patients with «long COVID-19».
Most often, insuflicient physical activity was noted
(37.5% vs. 20.0% in the group without COVID-19,
p<0.05). The frequency of pernicious habits was
more than twice as high (18.8% vs. 7.5%, p<0.05),
and the incidence of alcohol abuse was more than
4 times higher (11.3% vs. 2.5%, p<0.05). One third
of the patients from the main group mentioned
stress (31.3% versus 20.0%, p<0.05), and in con-

Note: * — a significant difference relative to pregnant women of the comparison
group (p<0.05).

Fig. 2 The distribution by age of patients with infertility
depending on the transferred COVID-19

trast to the comparison group, stress in everyday
life prevailed (26.3% versus 10.0%, p<0.05).

As for the features of infertility (Table 2),
in the main group, the proportion of women
with primary infertility was 40% lower. In the
main group, the proportion of women with more
than 5 years infertility was significantly high-
er (21.3% versus 7.5% in the comparison group,
p<0.05). Women in the main group had twice the
incidence of unsuccessful previous one (16.3%)
or two (6.3%) in vitro fertilization cycles (22.6%
vs. 10.0%, p<0.05). In the main group, there
was also a significantly higher incidence of de-
creased ovarian reserve (28.8% vs. 10.0%, p<0.05);
according to this diagnosis, the incidence of dis-
crepancy with age norms of follicle-stimulating
hormone (FSH) (18.8% vs. 5.0%, p < 0.05) and
anti-Miillerian (AMH) hormone (21.3% vs. 7.5%,
p < 0.05) was higher.

Table 1
The social and living factors in patients with infertility depending on the transferred COVID-19
Group

Factor main, n=80 comparison, n=40

abs.n. % abs.n. %

Pernicious habits in particular: 15 18.8* 3 7.5
— alcohol consumption 9 11.3* 1 2.5
— tobacco smoking 13 16.3 3 7.5
Disturbed day and work regime 27 33.8 8 20.0
Sedentary lifestyle 30 37.5* 9 22.5
Stress, in particular: 25 31.3 8 20.0
— in everyday life 21 26.3* 4 10.0
— at work 17 21.3 7 17.5

Note: * — a significant difference relative to pregnant women of the comparison group (p<0,05).

6
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Table
The features of infertility in patients depending on the transferred COVID-19 ?
Group

Indicator main, n=80 comparison, n=40

abs.n. % abs.n. %
Primary infertility 13 16.3 11 27.5
More than 5 years infertility 17 21.3* 3 7.5
One in vitro fertilization cycles 13 16.3 3 7.5
Two and in vitro fertilization cycles 5 6.3 1 2.5
Decreased ovarian reserve 23 28.8 4 10.0
FSH is above age norms 15 18.8 2 5.0
AMH is below age norms 17 21.3 3 7.5

Notes: * — a significant difference relative to pregnant women of the comparison group (p<0.05); FSH - follicle-stimulating hormone; AMH — anti-Mllerian hor-

mone.

Table
The features of menstrual function in patients with infertility depending on the transferred COVID-19 ?
Group

Indicator main, n=80 comparison, n=40

abs.n. % abs.n. %

Amenorrhea 7 8.8 1 2.5

Duration of menstruation:
— upto 3 days 14 175 3 7.5
— more than 6 days 12 15.0* 2 50
Blood loss:
— decrease 13 16.3 3 75
— increase 15 18.8* 3 7.5
Duration of cycle:

— more than 30 days 10 12.5 2 5.0

— up to 24 days 13 16.3 3 7.5

Irregular cycle 17 21.3* 3 7.5

Insufficiency of the luteal phase 15 18.8* 2 5.0
Note: * — a significant difference relative to pregnant women of the comparison group (p<0.05).

Patients of the main group significantly more
often suffered from various somatic patholo-
gies than women of the comparison group. En-
docrinological pathology stands out especially
(38.8% versus 17.5%, respectively, p<0.05), main-
ly due to metabolic disorders in a third of patients
(30.0% versus 12.5%, p<0.05), which are clinical-
ly manifested by overweight and obesity. A sig-
nificant difference between the groups was also
found in hepatobiliary pathology (18.8% versus
7.5%, p<0.05). The revealed difference between
the groups had a multifactorial nature in terms
of somatic morbidity: on the one hand, this is
the older age of women, on the other hand, these
diseases are risk factors for COVID-19, and can
also exacerbated or even developed against the
«long-COVID» background.

Today, menstrual function is considered as a
sensitive marker of a woman’s physical, emotional,
and mental health [1], and disturbance of all these
aspects of health is inherent in «long-COVID».
According to our data, there was a significant-
ly higher incidence of menstrual dysfunction af-

ter suffering from COVID-19 infection (Table 3).
Secondary amenorrhea due to a number of reasons
(among which stress stands out as the cause of
functional hypogonadal amenorrhea) was observed
3 times more often (8.8%) in women of the main
group. Changes in the duration of menstruation
and in the level of blood loss were observed, signifi-
cantly more patients in the group after COVID-19
mentioned the duration of menstruation for more
than 6 days (15.0% vs. 5.0% of patients in the com-
parison group, p<0.05) with an increase in blood
loss (18.8% against 7.5%, p<0.05). Almost 3 times
higher incidence of irregular cycle (21.3% vs. 7.5%,
p<0.05) and more than 3 times — insufliciency of
the luteal phase (18.8% vs. 5.0%, respectively,
p<0.05). In general, more than a third of patients
with «long-COVID» marked one or another men-
strual cycle disorder (35.0% vs. 12.5% of women
without a history of COVID-19, p<0.05), and al-
most half (15.8%) of them noted the onset of these
symptoms immediately after COVID-19 infection.

Infertility in the examined patients was of-
ten associated with various gynecological mor-
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Table 4
The associated gynecological pathology in patients with infertility depending on the transferred COVID-19
Group
Indicator main, n=80 comparison, n=40
abs.n. % abs.n. %
Genitourinary infections 30 37.5* 7 17.5
Pathology of the endometrium:
- endometritis 15 18.8 4 10.0
- endometriosis 10 12.5 3 75
- endometrial hyperplasia 16 20.0 4 10.0
Diseases of the cervix 13 16.3 4 10.0
Myoma of the uterus 19 23.8% 3 75
Ovarian cysts 16 20.0 5 12.5
Polycystic ovary syndrome 12 15.0 4 10.0
Note: * — a significant difference relative to pregnant women of the comparison group (p<0.05).
Table 5
The results of ART programs depending on the transferred COVID-19
Group
Indicator main, n=80 comparison, n=40
abs.n. % abs.n. %
The number of received oocytes:
— 4 orless (poor ovarian response) 17 21.3* 1 2.5
-5-8 29 36.3* 5 12.5
Had oocytes with pathology 26 32.5% 7 17.5
Transfer cancellation 12 15.0 3 75
Biochemical pregnancy 20 25.0* 17 42.5
Clinical pregnancy 18 22.5* 16 40.0
Pregnancy loss in the 1st trimester 2 2.5 0 0.0
Live birth 16 20.0* 16 40.0

Note: * — a significant difference relative to pregnant women of the comparison group (p<0,05).

bidities (Table 4). Noteworthy is the high preva-
lence of genitourinary infections in patients after
COVID-19 (37.5% vs. 17.5% in women with in-
fertility without COVID-19 in history, p<0.05),
which may be due to changes in the immune sys-
tem, dysbacteriosis and other damages caused by
«long-COVID». The incidence of such pathology
as endometritis (18.8%) and endometrial hyper-
plasia (20.0%) was increased, but without signifi-
cance. The incidence of uterine fibroids was signifi-
cantly increased (23.8% vs. 7.5%, p<0.05).

All women of the main group and the compa-
rison group, after appropriate preparation, were
included in assisted reproductive technologies
(ART) programs and after appropriate pretreat-
ment, they underwent in vitro fertilization. Signifi-
cantly inferior results were obtained in the main
group (Table 5). Thus, in every fifth patient, the
number of received oocytes was 4 or less (the so-
called «poor ovarian response»), while in the com-
parison group, only one woman had such result,
which was 2.5% compared with 21.3% in the main
group (p<0.05). Ovarian response (5—8 mature
oocytes) was inadequate in more than a third
of women in the main group (36.3% vs. 12.5% in
the comparison group, p<0.05). A third of the pa-

8

tients had oocytes with cytoplasmic and extracyto-
plasmic pathology (32.5% vs. 17.5%, respectively,
p<0.05). A biochemical pregnancy had only quarter
of patients with «long-COVID», which is signifi-
cantly less than in women without COVID-19 in
anamnesis (25.0% vs. 42.5%, p<0.05). Accordingly,
clinical pregnancy was diagnosed in 22.5% of wo-
men in the main group and 40.0% in the comparison
group (p<0.05); 2 women had a pregnancy loss in
the 1st trimester, while all 16 women in the compa-
rison group carried fetuses to live birth, i.e., the live
birth rate was 20.0% in women of the main group
versus 40.0% in the comparison group (p<0.05).

Such unsatisfactory results of ART programs
in women of the main group are to some extent
due to reproductive health disorders as a result
of the negative impact of COVID-19 with the
development of a symptom complex called «long-
COVID».

Conclusions

Patients with infertility and «long-COVID»
have more pronounced disorders of the reproduc-
tive function compared to women without a history
of COVID-19 infection, namely: a decrease in the
ovarian reserve (28.8% vs. 10.0%, p<0.05), vari-
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ous menstrual disorders (35.0% vs. 12.5%, p<0.05),
including amenorrhea, irregular  menstrual
cycle and luteal phase insufficiency, high pre-
valence of genitourinary infections (37.5% vs.
17.5%, p<0.05).

Against these disorders background, patients
with «long-COVID» had significantly inferi-
or results of in vitro fertilization programs: one
in five had «poor ovarian response» (21.3% vs.
2.5%, p<0.05). Clinical pregnancy was diagnosed
in 22.5% of patients versus 40.0% (p<0.05), and
2 women had a pregnancy loss in the 1st trimester,
while all 16 women in the comparison group car-
ried fetuses to live birth, i.e., the live birth rate was
20.0% versus 40.0% (p<0.05).
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