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The objective: to study the characteristics of the physical and sexual development of girls conceived with the help of as-
sisted reproductive technologies (ART).

Materials and methods. An examination of 16 teenage girls who were born with the help of ART was carried out. The
average age of the girls was 12.0+0.45 (10—13) years. All girls underwent a clinical, functional, hormonal examinations,
secondary sexual characteristics were evaluated according to the J. Tanner scale.

Blood levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), thyroid-stimulating hormone (TSH), de-
hydroepiandrosterone sulfate (DHEA-S), as well as estradiol (E2), testosterone, levels of thyroid hormones triiodothy-
ronine (T3) and thyroxine (T4) were determined by the radioimmunoassay method on the microspectrophotometer “Stat
fax” 303 PLUS USA in the first phase of the menstrual cycle.

To study the functional activity of the liver, fasting glucose level and oral glucose tolerance test, insulin, alanine amino-
transferase and aspartate aminotransferase levels were determined. In order to compare the concentration of hormones,
25 teenage girls of the appropriate age who were born from a spontaneous pregnancy and have a physiological course of
the puberty period were additionally examined.

Results. According to the ultrasound examination, the length of the right and left ovaries, as well as all echographic indi-
cators, are significantly increased in girls who were born with the help of ART.

A study of hormone levels in teenage girls conceived with ART revealed statistically higher levels of LH (5.05+1.17 mIU/
ml), DHEA-S (91.9+16.93 pg/dL), E2 (78.13+17.98 pg/ml), which indicates hyperandrogenism and hyperestrogenism
of adrenal origin. At the same time, the fasting glucose level and its level after the oral glucose tolerance test were sta-
tistically lower than similar indicators in girls born from a spontaneous pregnancy and with the physiological course of
puberty, but the fasting insulin level was higher (p<0.05).

Conclusions. In girls who were born with the help of assisted reproductive technologies (ART), premature de-
velopment of secondary sexual characteristics (late precocious puberty) and pronounced hair growth have been
identified.

Carbohydrate metabolism, enzymatic activity of the liver and functional activity of the kidneys in girls who were born
with the help of ART do not differ from similar indicators of girls who were born from spontaneous pregnancy and with
the physiological course of puberty.
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Oco6nuBocTi ¢pisMYHOro Ta cTaTeBoOro po3BUTKY AiBYaT, 3a4aTUX 3a A0MNOMOrol0 A0MNOMIDKHUX
penpoayKTUBHUX TEXHONOri
I. P. MyctadghaeBa, E. M. Aniesa, M. A. Napawosa, A. H. XygieBa, E. B. bailipamoBa

Mema docnidscenns: BuBIeHHS 0COOMMBOCTEN (Qi3MIHOTO T CTATEBOTO PO3BUTKY [iBYAT, 3a4aTHX 38 IOIIOMOT0IO IOTIOMIKHIX
penpoaykTuBHUX TexHoJoriit (J{PT).

Mamepianu ma memoou. Ilposeneno obcrexernnst 16 miByar-mianiTkis, ki Hapoauimch 3a gonomoroio JIPT. Cepenniii Bik
niBuat craHosuB 12,0+0,45 (10—13) poky. Ycim miBuaTam npoBeaeHo KiiHiuHe, (QyHKIiOHAIbHE, TODMOHAIbHE OOCTEKEHHS,
OIliHIOBAaJIM BTOPUHHI cTaTeBi 03HAKM 3a 1mKkasoio J. Tanner.

Pisni y kpoBi doutikynoctumymnioBaibaoro ropmony (D CT), moreinizyiodoro ropmony (JIT), Tupeorpornnoro ropmony (TTT),
nerigpoernianapocrepon cyabbary (ITEA-C), a rakox ectpamiony (E2), Tecrocrepony, piBHi TOPMOHIB IUTONOAIOGHOT 32710~
3u tpuiiogruponiny (T3) i Tupokcuny (T4) BusHauamu pagioiMyHHUM MeTOAOM Ha MikpociekTpodoromeTpi «Stat fax» 303
PLUS USA y nepiii hazi MeHcTpyaabHOTO IITKITY.

[l BuBuens GyHKIioHaIbHOT aKTUBHOCT] ITe4iHKK BU3HAYAJIN PiBEHD [VIIOKO3M HATIIIE T 32 I€POPATIHHIM TTIOKO30TOJICPAHT-
HUM TeCTOM, PiBHi iHCYJIiHY, ananin-amiHOTpaHcdepasn Ta acnapraramiHoTpancdepasy. 3 METOIO TIOPIBHAHHS KOHIIEHTPAITil
TOPMOHIB JI0ZIATKOBO 06CTEKEHO 25 AiBYAT-MIAMITKIB BiAMOBIZAHOTO BiKY, AKi HAPOAWINCH BiJl CIIOHTAHHOI BariTHOCTI Ta MalOTh
(diziosoriunnii nepebir mybepTaTHOrO NEpiofLy.

Pesynvmamu. 3a 1aHMU YJIbTPA3BYKOBOTO JOCJiIKEHHS, IOBKMHA [TPABOTO i JIIBOTO S€YHMKIB, a TAKOK BCi exorpadiuni mo-
Ka3HUKM 3HAYHO 30iJbIIeHi y AiBYaT, ki Hapoauarch 3a gomomoroio /[PT.

[locaimpkenns piBHIB TOPMOHIB y miBUAT-MiAMITKIB, 3a4aTnx 3a momomoroio [[PT, Bussuio cratnctuano Ginpi piBui JIT
(5,05+1,17 MMO/m), ATEA-C (91,9£16,93 mxr/mr), E2 (78,13+17,98 1ir/mMi), 1m0 CBiI4uTh MPO TimepaHaporeHiio ta
rirlepecTporenito HaJHUPKOBOTO MOXO/KeHHs. [Ipu boMy piBeHb TJIIOKO3W HaTIEe Ta ii piBeHb MiCIA MEPOPATBHOTO TECTY
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TOJIEPAHTHOCTI JI0 TJIIOKO3U OYB CTATHCTUYHO HUKYUN 32 QHAIOTIYHI MOKA3HUKK Y [[iBYATOK, HAPOIKEHUX Bijl CIIOHTAHHOI
BariTHOCTI Ta 3 (iziosoriuauM repebirom my6epTaTHOTO Mepiofy, OJHAK piBeHb iHCy IiHy HaTiie OyB Buiiuii (p<0,05).
Bucnoexu. Y 1iBUaTOK, HAPO/PKEHUX 3a JIOTIOMOT0I0 IOTTOMIKHIX pernpoayKTuBHux Texnosoriit (/IPT), Busnavyeno nepeayac-
HUI PO3BUTOK BTOPUHHUX CTATEBUX O3HAK (Ii3HE IepeayacHe CTaTeBe A03piBaHH: ) Ta BUPAKCHE OBOJIOCIHHS.

ByrseBomumit 06MiH, (hepMeHTaTHBHA aKTUBHICTD TETiHKN Ta (DYHKIIOHATbHA AKTUBHICTh HUPOK Y AiBYATOK, HAPOIKEHUX
3a gornomoroio /IPT, He Binpi3HAIOTHCSA BiJl aHAJIOTIYHUX TOKA3HUKIB /[iBUATOK, HAPOJKEHUX Bijl CHOHTAHHOI BariTHOCTI Ta 3

disiomoriuruM mepebiroM cTaTeBOTO M03piBaHHS.

Kntouosi caoea: donomivcii penpodyxmueni mexnoiozii, excmpaxopnopaivhe saniionenis, cmamese 003pisanis, 2ipcymusm,
sampumxa cmamesozo 003pieanis, nepeduacie cmamese 003pieanis.

With the increase in the frequency of infertility in
recent decades the application of related assisted
reproductive technology (ART) methods is increasing
year by year. According to data, the incidence of infertil-
ity ranges between 10-20% [1-4].

It has been determined that there is a significant in-
crease in the number of children conceived by assisted
reproductive technologies as a method of choice in the
management of infertility. Over the past 40 years, more
than 10 million children have been born using ART. ART
use is growing rapidly, with the total number of ART cy-
cles exceeding three million per year, resulting in nearly
500,000 births each year. According to the statistics, 5% of
children born in Denmark, 1.7% of children in the United
States, one out of every 25 children in Australia, are born
by assisted reproductive technology [1, 3].

The health of children born by ART is of interest for re-
searchers. It should be noted, that 23% of parents hide from
their children that they were conceived by in vitro fertiliza-
tion (IVF). It should be noted that the physical develop-
ment of children born in the initial use of ART is related to
premature births and multiple pregnancies [5-8].

Among 5—6-year-old children born by ART, there was
difference in the height of girls and boys, in girls it was
higher. In the following years, the height of girls is not dif-
ferent from that of boys. According to other information,
children born by IVF have a high probability of premature
activation of the adrenal glands. An increase in bone age is
noted in these girls along with an increase in the amount
of luteinizing hormone and dehydroepiandrosterone
(DHEA-S) in the blood serum [9—-13].

But there are still restricted and contradictory publi-
cations about the characteristics of the course of puberty
in girls born through ART [14—16]. There is no scientific
data about the characteristics of physical and sexual de-
velopment and the onset of the menstrual cycle in this
category of girls. Taking into account the relevance of the
problem, the purpose of the present study was determined.

The objective: to study the characteristics and course
of puberty in girls conceived by assisted reproductive
technologies.

MATERIALS AND METHODS

According to the purpose of the study, 16 adolescent girls
conceived by assisted reproductive technology were exam-
ined. The average age of the girls was 12.0+0.45 years. The
indications for use of ART were infertility of various genesis.
The obtained results were compared with the levels of hor-
mones in girls at the same age with physiological course of
puberty who born from spontaneous pregnancy and (n=25).

The examination of the girls was carried out with the pres-
ence of the mother. All data about course of pregnancy, condi-
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tion of newborn, physical development and psycho-emotional
state of the girls and their achievements in education were
studied. Clinical, functional, hormonal, biochemical studies
were conducted in all examined girls. According to the scale
of J. Tanner, secondary sexual characteristics were evaluated.

Following investigation included, the study of the
function of the hypothalamus-pituitary-adrenal-ovarian
system, as well as the function of the thyroid gland, blood
levels of follicle-stimulating hormone (FSH), luteinizing
hormone (LH), thyrotropin hormone (TTH), dehydro-
epiandrosterone (DHEA-S) as well as estradiol (E,), tes-
tosterone (T), the level of thyroid (T,) and thyroxine (T,)
were determined. The level of hormones was determined
by the radioimmune method with a micro spectrophotom-
eter «Stat fax 303 PLUS», USA, and using special strip
system Dri-Dye, USA, and filter 340 nm during the first
phase of the menstrual cycle.

All of the examined underwent an ultrasound examina-
tion (USE) with a transabdominal transducer: the length,
width, anterior-posterior diameter of the uterus, the angle
between the body and the cervix of the uterus, the size and
location of the ovaries were studied.

At the same time, fasting glucose and oral glucose tol-
erance test, level of insulin in blood serum, alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
were determined in order to study the functional activity
of the liver. Glucose was determined by the photometric
method on an architect ¢ 8000 device («Abbot», USA). De-
termination of insulin was conducted by the hemolumines-
cence method on an architect 1000 Abbot (USA) device.

All the obtained data were statistically analyzed. For
each group, the average numerical value (M), the mean
square deviation (62) of the average numerical value and
its standard error (Se), as well as the minimum (min) and
maximum (max) values of the series were determined. The
average and standard deviation (means) of all data were
calculated. The differences were considered statistically
significant at P<0.05. Statistical processing was carried
out using the «Statgraph» program.

RESULTS AND DISCUSSION

For the assessment of the severity of hirsutism in all of the
examined included in the study, the Ferriman-Galway scale
was used. It was determined that the hirsut number in these
girls was 20.0+2.31 (13-29). In the comparative group, this
indicator was 10.35+0.34 (8—13) points. The study of the de-
velopment of secondary sexual characteristics revealed that
the development of breast according to the J. Tanner scale
was 2.4%+0.11 (1-3), axillary hair (Ax) was 2.67+0.22 (2-3),
pubic hair (P) was 3.33+0.13 (2—4) points.

These indicators were noticeably higher than the simi-
lar indicators of the physiological course of sexual devel-
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Table 1

Indicators of hormones in girls conceived by assisted reproductive technologies during puberty (MxSe)

Girls born from spontaneous pregnancy

Hormones Girls conceived by ART (n=16) and with physiological course of puberty P -value
(n=25)
FSH, miUu/ml 4.15+0.63 (3.09-5.88) 5.89+0.01 (1-8.1) >0.05
LH, miU/ml 5.05+1.17 (2.28-9.78) 1.54£0.25 (0.9-2.1) <0.05
TTH, ulU/ml 1.89+0.36 (1.01-3.03) 2.8+0.35 (2.1-3.2) >0.05
Prl, ulU/ml 265.62+53.73 (130.5-464.4) - -

T, ng/ml <0.025 - -
DHEA-S, ug/dl 91.9+16.93 (25.39-186.9) 6.0£2.31(0.4-11.1) <0.05
P, ng/ml <0.050 - -

E,, pg/ml 78.13+17.98 (12.89-189.3) 29.16+1.59 (16.3-60.8) <0.05
T,, pmol/| 5.26%0.26 (4.31-6.02) 1.73+0.28 (1.1-2.3) <0.05
T, freet, pmol/I 14.8+0.93 (11.87-18.8) 48.5+6.1 (40.6-60.3) <0.05

opment. The results of study of hypothalamus-pituitary-
adrenal-ovarian system and thyroid hormones in girls
born by ART are presented in table 1.

As shown in the table 1, levels of LH, DHEA-S, and
E, are markedly higher in girls conceived by ART in com-
parison with girls of the same age, born from spontaneous
pregnancy and with physiological course of puberty. At
the same time, T, is statistically significantly higher and
T, is lower in the examined girls. Levels of Testosterone
and Progesterone were slightly elevated and have no sta-
tistically significance.

Ultrasound examination of the reproductive organs of
the examined girls was carried out with a transabdominal
probe. The obtained results are presented in Table 2.

As shown, the length of the right ovary increases to a
statistically significant degree during puberty in girls born
from pregnancy by ART, in the left ovary all the echo-
graphic parameters were significantly higher. Biochemi-
cal blood indicators of the girls included to the study are
presented in a Table 3.

As can be seen from Table 3, the biochemical indicators
determined in girls at puberty conceived by ART, corre-
spond to physiological values. At the same time, the level
of fasting glucose and its level after oral glucose tolerance
test, were statistically lower than the similar indicators in
girls born from spontaneous pregnancy and with physi-
ological course of puberty, however level of fasting insulin
was higher (p<0.05). It was determined that the indica-
tors of ALT and AST, which reflect the enzymatic activity
of the liver, correspond to the physiological values, as well
as the levels of creatinine and residual nitrogen.

Currently, data on long-term health risks in children
born after ART are still limited, but suggest an increased
risk of changes in blood pressure and cardiovascular func-
tion. Several large national registries have been estab-
lished to study the short- and long-term effects of ART
treatment in children and their mothers [17-23].

Taking into account children born after ART from the
mid-1980s to the present day, such data allow long-term
follow-up of children and their mothers to study the risk

Table 2

Echographic indicators of genital organs in girls conceived by Assisted reproductive technologies during puberty

Girls born from spontaneous pregnancy

Girls conceived by Assisted

Echographic indicators and with physiological course of puberty reproductive technologies P-value
(n=25) (n=16)
Uterus, mm:
— length of the uterine corpus 42.24+1.11(31-50) 40.0+1.86 (35-45) >0.05
— width 29.12+1.82 (18-45) 26.83%1.61 (20-37) >0.05
— antero-posterior diameter 29.18+1.66 (15-40) 28.5%1.5 (26-31) >0.05
Right ovary, mm:
— length 24.24+0.98 (18-27) 29.5+1.16 (23-37) <0.05
— width 19.71£0.90 (13-28) 20.0+1.1 (16-30) >0.05
— thickness 17.35+0.79 (12-24) 18.7+0.51 (14-26) >0.05
Left ovary, mm:
—length 24.47+1.33 (15-36) 30.0+1.1 (25-38) <0.05
— width 12.06+0.04 (10-21) 20.0+0.93 (15-26) <0.05
— thickness 16.82+0.06 (10-23) 18.34+0.61 (12-23) <0.05

REPRODUCTIVE HEALTH OF WOMAN
PEIPO/IYKTUBHE 3/10POB'Sl JKIHKI
10 Ne5 (76)/2024

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)



AKTYAIJNIbHI

TEMMU

Table 3
Biochemical indicators of blood serum in girls conceived by Assisted reproductive technologies during puberty

Groups
Indicators Girls conceived by Assisted Girls born from spontaneous pregnancy P-value
reproductive technologies and with physiological course of puberty
(n=16) (n=25)
Fasting glucose, mg/dl 78.3+0.12 (70-100) 82.26+0.016 (70-100) <0.05
Fasting insulin, uiU/ml 17.06+1.34 (2,93-41,94) 9.3+0.06 (7.22-16.5) <0.05
Glucose after OGTT, mg/dl 100.0£1.26 (88-120) 110.51£1.25 (86-130) <0.05
Insulin after OGTT, uiU/ml 14.56+2,21 (10,12-25,2) 20.11%0.35 (16-42) <0.05

ALT, U/L

9.25%+1,32 (5,72-14,03)

AST, U/L

14.97+0,94 (13,23-18,86)

Residual nitrogen, mg/dl

6.2+1,9 (3,92-7,45)

Creatinine, umol/I

48.78+2,34 (48,19-49,37)

Note. OGTT - oral glucose tolerance test.

of, for example, cardiovascular diseases, mental disorders
and malignancies, as well as for children and young people
also suffer from pubertal disorders, reproductive health
problems and other rarer diseases.

Our study demonstrated that the levels of LH, DHEA-
S, E2 in vast majority of the examined are statistically sig-
nificantly higher, which indicates hyperandrogenism and
hyperestrogenia of adrenal origin. These results differed
from other works.

So, Klemetti R, et al studied 122,321 singleton children
conceived after ART, and more than 6 million singleton chil-
dren from the background population, a total of 37,869 chil-
dren were identified with diagnoses related to disorders of pu-
berty, of which 603 were born after ART. Children conceived
after ART had a higher risk of early puberty and late puberty:
girls had higher diagnoses associated with early puberty (aHR
1.46; 95% CI: 1.29-1.66) and boys had higher diagnoses asso-
ciated with late puberty (aHR 1.55; 95% CI: 1.24—1.95) [24].

F. Belva, et al. studying anti-Mullerian hormone (AMH),
FSH, LH and DHEAS in women born with ICSI and their
spontaneously conceived peers, revealed that in these pa-
tients, the levels of circulating reproductive hormones, in-
cluding AMH, FSH, LH and DHEAS, were similar to those
of peers born after spontaneous conception [25].

Epigenetic changes have been proposed as underly-
ing mechanisms for the observed adverse health effects in
ART-conceived offspring [26, 27].

ART manipulations occurring very early in development,
which is characterized by extensive epigenetic reprogram-
ming, can indirectly alter the normal development and long-
term health consequences of these offspring [28, 29].

However, to date there is no consensus on whether the
potential differences observed in ART offspring are due to
the laboratory methods used in ART or perhaps to the in-
trinsic characteristics of the infertile couple [30].

CONCLUSION

In girls conceived by assisted reproductive technologies
there are increased hair growth during puberty (hirsutism),
premature development of secondary sexual characteristics
(delayed precocious puberty), inappropriately to the age
more than normal developed breast. According to the ultra-
sound examination, the length of the right ovary, the length
of the left ovary, and all echographic indicators are signifi-
cantly increased. The average levels of LH (5.05+1.17 miU/
ml), DHEA-S (919+16.93 ug/dl), E, (78.13+ 17.98 pg/ml)
are statistically significantly higher in girls born by assisted
reproductive technology, which indicates hyperandrogen-
ism and hyperestrogenia of adrenal origin.

Carbohydrate metabolism, enzymatic activity of the
liver and functional activity of the kidneys in girls con-
ceived by use of assisted reproductive technology do not
differ from those born from spontaneous pregnancy and
with physiological course of puberty.
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