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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 μg/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.
Keywords: assisted reproductive technologies, in vitro fertilization, puberty, hirsutism, delayed puberty, precocious puberty.

Особливості фізичного та статевого розвитку дівчат, зачатих за допомогою допоміжних 
репродуктивних технологій
І. Р. Мустафаєва, Е. М. Алієва, М. А. Гарашова, А. Н. Худієва, Е. В. Байрамова

Мета дослідження: вивчення особливостей фізичного та статевого розвитку дівчат, зачатих за допомогою допоміжних 
репродуктивних технологій (ДРТ).
Матеріали та методи. Проведено обстеження 16 дівчат-підлітків, які народились за допомогою ДРТ. Середній вік 
дівчат становив 12,0±0,45 (10–13) року. Усім дівчатам проведено клінічне, функціональне, гормональне обстеження, 
оцінювали вторинні статеві ознаки за шкалою J. Tanner. 
Рівні у крові фолікулостимулювального гормону (ФСГ), лютеїнізуючого гормону (ЛГ), тиреотропного гормону (ТТГ), 
дегідроепіандростерон сульфату (ДГЕА-С), а також естрадіолу (Е2), тестостерону, рівні гормонів щитоподібної зало-
зи трийодтироніну (Т3) і тироксину (Т4) визначали радіоімунним методом на мікроспектрофотометрі «Stat fax» 303 
PLUS USA у першій фазі менструального циклу. 
Для вивчення функціональної активності печінки визначали рівень глюкози натще та за пероральним глюкозотолерант-
ним тестом, рівні інсуліну, аланін-амінотрансферази та аспартатамінотрансферази. З метою порівняння концентрації 
гормонів додатково обстежено 25 дівчат-підлітків відповідного віку, які народились від спонтанної вагітності та мають 
фізіологічний перебіг пубертатного періоду. 
Результати. За даними ультразвукового дослідження, довжина правого і лівого яєчників, а також всі ехографічні по-
казники значно збільшені у дівчат, які народились за допомогою ДРТ. 
Дослідження рівнів гормонів у дівчат-підлітків, зачатих за допомогою ДРТ, виявило статистично більші рівні ЛГ 
(5,05±1,17  мМО/мл), ДГЕА-С (91,9±16,93  мкг/дл), Е2 (78,13±17,98  пг/мл), що свідчить про гіперандрогенію та 
гіперестрогенію надниркового походження. При цьому рівень глюкози натще та її рівень після перорального тесту 
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толерантності до глюкози був статистично нижчий за аналогічні показники у дівчаток, народжених від спонтанної 
вагітності та з фізіологічним перебігом пубертатного періоду, однак рівень інсуліну натще був вищий (р<0,05). 
Висновки. У дівчаток, народжених за допомогою допоміжних репродуктивних технологій (ДРТ), визначено передчас-
ний розвиток вторинних статевих ознак (пізнє передчасне статеве дозрівання) та виражене оволосіння. 
Вуглеводний обмін, ферментативна активність печінки та функціональна активність нирок у дівчаток, народжених 
за допомогою ДРТ, не відрізняються від аналогічних показників дівчаток, народжених від спонтанної вагітності та з 
фізіологічним перебігом статевого дозрівання.
Ключові слова: допоміжні репродуктивні технології, екстракорпоральне запліднення, статеве дозрівання, гірсутизм, 
затримка статевого дозрівання, передчасне статеве дозрівання.

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-

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 (E2), tes-
tosterone (T), the level of thyroid (T3) and thyroxine (T4) 
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 c 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 (σ2) 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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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 
E2 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, T3 is statistically significantly higher and 
T4 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 

Hormones Girls conceived by ART (n=16)
Girls born from spontaneous pregnancy 
and with physiological course of puberty

(n=25)
P -value

FSH, mIU/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, uIU/ml 1.89±0.36 (1.01–3.03) 2.8±0.35 (2.1–3.2) >0.05

Prl, uIU/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
2
, pg/ml 78.13±17.98 (12.89–189.3) 29.16±1.59 (16.3–60.8) <0.05

T
3
, pmol/l 5.26±0.26 (4.31–6.02) 1.73±0.28 (1.1–2.3) <0.05

T
4
 freet, pmol/l 14.8±0.93 (11.87–18.8) 48.5±6.1 (40.6–60.3) <0.05

Table 1
Indicators of hormones in girls conceived by assisted reproductive technologies during puberty (M±Se)

Echographic indicators
Girls born from spontaneous pregnancy 
and with physiological course of puberty

(n=25)

Girls conceived by Assisted 
reproductive technologies 

(n=16)
P-value

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

Table 2
Echographic indicators of genital organs in girls conceived by Assisted reproductive technologies during puberty
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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 (91.9±16.93 ug/dl), E2 (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.

Indicators

Groups

P-valueGirls conceived by Assisted 
reproductive technologies 

(n=16)

Girls born from spontaneous pregnancy 
and with physiological course of puberty

(n=25)

Fasting glucose, mg/dl 78.3±0.12 (70–100) 82.26±0.016 (70–100) <0.05

Fasting insulin, uİU/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, uİU/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/l 48.78±2,34 (48,19–49,37) - -

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

Note. OGTT – oral glucose tolerance test.
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