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ABSTRACT

AIM: This study aimed to assess the reproductive health of adolescent girls with obesity living in a large industrial territory.
MATERIALS AND METHODS: A one-time study was conducted on 105 teenage girls aged 15-17 years. The main group
consisted of 70 girls with overweight and obesity, who were divided into a group with menstrual irregularities (N1=42) and
without disorders (N2=28). The control group included 35 girls with normal body weight and no menstrual irregularities.
Morbidity was studied. Body mass index (BMI), pituitary (thyroid-stimulating hormone [TSH], follicle-stimulating hormone, and
luteinizing hormone) and sex hormones (estradiol, DHEA-SO4, AMH, and testosterone), alanine aminotransferase, aspartate
aminotransferase, total cholesterol, and ultrasound data of the thyroid gland and abdominal organs were determined. A
guantitative assessment of treatment adherence and lifestyle modification was performed.

RESULTS: The average BMI values in the main and control groups were 31.1 (4.9) and 20.0 (1.9) kg/m?, respectively (p <0.001).
A statistically significant predominance of the incidence of cardiovascular pathologies was found in the main group (x?=2.58,
p=0.014; OR=5.7; 95% Cl, 1.2-26.2), as well as a more frequent occurrence of urinary tract, nervous system, and endocrine
diseases. In the main group, echographic signs of liver and pancreatic pathologies were detected in 22 (31.4%) girls and diffuse
changes in the thyroid gland in combination with cystic formations or hypoplasia in 31 (44.0%). The number of antral follicles
was normal in all patients. A statistically significant difference in TSH (p <0.001), LH (p=0.015), and DHEA-S04 (p=0.002)
was obtained between the main and control groups. Adolescents aged 15 years were more adherent to treatment (y?=13.28;
p=0.003).

CONCLUSION: Statistically significant differences in clinical and laboratory data and treatment adherence were found in
adolescent girls with overweight and obesity living in a large industrial region when compared with healthy girls, which dictates
the need to improve and implement personalized medical and psychological programs.
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OueHKa penpoAyKTUBHOIO 340pOBbA feBOYeK-
NOAPOCTKOB C M36bITOMHOM MACcCOM Tesla U OXKUPEHUEM,
NPOXXUBaIOLLMX B KPYNHOM UHAYCTPUaNbHOM peruoHe
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AHHOTALMA

Lenb. OueHnTb 0cODEHHOCTU PEMPOAYKTUBHOMO 3L0POBbS JEBOYEK-NOAPOCTKOB C U3OLITOUHOM MAcCOi Tefla U OXMPEHMEM,
MPOXKMBAILLMX B YCIOBUSAX BbICOKON TEXHOrEHHOM HArpysKu.

Matepuanbl u MeToabl. [poBeieHO 0AHOMOMEHTHOe uccneaoBaHue 105 nesoyek-noapoctkoB 15—17 net. OcHoBHas rpyn-
na coctosina u3 70 geBoyeK ¢ U3BLITOUHOI Maccoii Tena 1 0XupeHneM 1 bbina noapasneneHa Ha 2 NOArpynMbl: € HapyLIEHM-
eM MeHcTpyanbHoro umkna (N1=42) u 6e3 HapyweHnuin (N2=28). KoHTposbHas rpynna BK/oYana 35 aeBoyeK ¢ HOPMasbHOi
Maccoi Tena 6e3 HapyLUeHWA MEeHCTpYanbHOro UMKna. M3yyanu 3aboneeaeMocTb, ONpeaensnm WHAEKC Macchl Tena (MMT),
ypoBeHb runogusapHblx (TTI, OCT, JII) 1 nonosbix (3ctpaauon, N3A-S04, AMT, TectocTepoH) ropmoHos, AJIT, ACT, obuiero
XonecTepuHa, npoBoannn Y3W WwmuToBUEHON JKenesbl U opraHoB 6piolwHoM nonocTu. lpoaHanuanpoBanu KONMYeCTBEHHYIO
OLIeHKY MPUBEPIKEHHOCTM JIEYEHUI0 M MOAMDMKALMK 0Bpa3a MU3HK.

Pesynbtatsl. CpesHuit MMT B ocHosHow rpynne coctasun 31,1 (4,9) kr/M?, B rpynne kontpona — 20,0 (1,9) kr/m? (p <0,001).
OBHapyeHo CTaTUCTUYECKM 3HaUMMOoe npeobiagaHue YacToTbl CepAeYHO-COCYAMCTON NAToNOrUK Y IeBOYEK OCHOBHOM rpyn-
nbl (x>=2,58, p=0,014; OWL=5,7; 95% [M: 1,2; 26,2), 6onee yacTas BCTpeHaeMoCTb 3aB0NIeBaHMIl MOYEBLIBOAALLMX MyTel,
HEPBHOW CUCTEMbI W 3HLOKPUHHOW NaTonoruu. BeisiBneHbl axorpadmuyeckue NpU3HaKW NaToNOMMW NEYEHH, NOAMKENYA0UHOM
wenesbl y 22 (31,4%) neBoyeK OCHOBHOW rpynnbl, AU Y3HbIE U3MEHEHWS LUMTOBUAHON Menesbl B COMETAHUM C KUCTO3-
HbIMM 0bpasoBaHuAMM unK runomnasuen — y 31 (44,0%). KonnyecTBo aHTpanbHbIX QOAIMKYNOB Y BCEX Obi0 HOpMarb-
HbIM. TlonyyeHo CTAaTUCTMYECKM 3HaUMMOe Pa3/inune Mexay NOAPOCTKaMM OCHOBHOM M KoHTposibHo# rpynn no TIT (p <0,001),
N (p=0,015) n O3A-S04 (p=0,002). Bonee 3aMeTHyI0 NPUBEPMEHHOCTb JIEYEHUIO NPOABNAIM noapoctku 15 net (x>=13,28;
p=0,003).

3aknioueHue. BbiSBEHHbIE OT/IMYMA KIIMHUYECKMX, NabOpaTOpHbIX AaHHBIX U MPUBEPXKEHHOCTU JIEYEHUIO Y J€BOYEK-NOA-
POCTKOB C M3DbITOYHOI MAcCOi Tena M 0XMPEHWEM, NPOKMBAIOLLMX B YCIOBUSAX BbICOKOM TEXHOrEHHOW Harpysku, OWUKTyeT
HeobxoguMocTb bonee yriybneHHoOro U3ydeHns BEPOSTHBIX MPUYMH 3ab0oneBaeMoCTH, a TaKXKe YCOBEPLLEHCTBOBAHUA 03[,0-
POBUTESIbHBIX MPOrpaMM.

KnioueBble cnoBa: oxupeHue; NoapOCTKY; KOMOPOUAHOCTL; PEnpoAYKTUBHOE 3L,0POBbE; NPUBEPHKEHHOCTb JIEYEHUIO.
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INTRODUCTION

The primary task of ensuring Russia’s national security is
to solve the demographic problem. One of the reasons for the
current population decline is the unsatisfactory state of wom-
en’s reproductive health due to deviations in reproductive
behavior and somatic health problems [1, 2]. Late (delayed)
motherhood, which limits a family’s ability to have many chil-
dren as the most effective factor in population growth, is as-
sociated with high gynecological morbidity and comorbidity,
predominantly obesity and diabetes mellitus [3, 4].

In the 21st century, obesity has become a global prob-
lem, especially in developed countries. According to the
World Health Organization, there are now more overweight
and obese people than normal weight and underweight peo-
ple combined [5]. The dietary factor is considered to be the
main cause of obesity [6, 7], but emotional eating also plays
an important role [8]. At the same time, there is discussion
about the early manifestations of metabolic disorders in ado-
lescence, which aggravate during puberty [9, 10]. In addition,
the lifestyle of adolescents, which is characterized by high
anthropogenic pollution, significantly influence the course of
the diseases and the effectiveness of treatment.

Metabolic syndrome, including obesity, is generally con-
sidered difficult to treat. Psychological characteristics of the
behavior of overweight patients are one of the complicat-
ing factors [11-13]. If patients are reluctant and sometimes
openly resistant to treatment, why should we fight against
obesity? For gynecologists, the answer is obvious because
fat metabolism involves female sex hormones, including es-
trogen, and directly affects reproductive health.

The study aim was to evaluate reproductive health char-
acteristics of overweight and obese teenage girls living in a
large industrial region.

MATERIALS AND METHODS

In 2022-2023, a cross-sectional study was conducted at
the state healthcare institution of the Moscow region “Bala-
shikha Regional Hospital.”

Balashikha is part of a large industrial agglomeration
with a population of over 600,000 people and a developed
industrial infrastructure.

The study included 105 teenage girls aged 15-17 years
who were divided into two groups. The main group included
70 overweight and obese girls (ICD-10 code E66: Obesity due
to excess calories).

Only subjects who voluntarily signed a consent to partic-
ipate in the study were included.

Depending on the status of menstrual function, the main
group was divided into two subgroups: subgroup 1 for sub-
jects with menstrual disorders (N1=42), subgroup 2 for sub-
jects without menstrual disorders (N2=28). The control group
included 35 girls of the same age with normal body weight
and no menstrual disorders.
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The study protocol was approved by the local ethics com-
mittee of the M.F. Vladimirsky Moscow Regional Research
and Clinical Institute (Summary of the Minutes of the Meeting
No. 12 held on 31 August 2023).

The examination was performed as part of an annu-
al medical examination in a children’s clinic in accordance
with the standards and rules for pediatric medical exam-
inations [14]. The incidence of the disease in preschool and
school-age children was evaluated, and the age of menarche
and menstrual characteristics were determined. Grades of
obesity were determined by body mass index (BMI) in kg/m?
with calculation of standard deviations (BMI SDs) [15].

Laboratory tests were limited to those included in the
routine examination. Tests included blood chemistry (ala-
nine aminotransferase [ALT], aspartate aminotransferase
[AST], total cholesterol), blood concentrations of pituitary
hormones (thyroid stimulating hormone [TSH], follicle stim-
ulating hormone [FSH], luteinizing hormone [LH]), and sex
hormones (estrogen, progestin, testosterone), luteinizing
hormone [LH]) and sex hormones (estradiol, progesterone,
dehydroepiandrosterone sulfate [DHEAS], testosterone) by
enzyme-linked immunosorbent assay (ELISA). Thyroid and
abdominal ultrasound with visualization of internal genitalia
were also performed. Ovarian reserve was assessed based
on the number of antral follicles in both ovaries and the se-
rum anti-Mllerian hormone (AMH) concentration.

To assess psychological attitudes toward the disease
and the potential for therapeutic and health-promoting
measures, adherence to treatment and lifestyle modification
was quantified using a KOP-25B1 adolescent questionnaire.
In the control group, potential adherence to treatment was
assessed using a KOP-25B2 questionnaire [16]. Depending
on obtained results, high (>75%), moderate (50-75%) and
low (<50%) adherence was determined [17]. The survey was
conducted after obtaining informed consent from the par-
ents of the girls.

Statistical processing of the material used a Jupyter Note-
book environment using the Python programming language,
and SciPy, NumPy, Pandas, Penguin libraries were used for
statistical analysis and data processing [18]. For quantitative
data, a test was performed to determine the normality of the
data distribution (using the Kolmogorov—Smirnov test). If the
data were normally distributed, the mean (M) and standard
deviation (SD) were calculated and the data were expressed
as M (SD). If the data were not normally distributed, the me-
dian (Me) and the upper and lower quartiles (Q1, Q3) were
calculated and the data were expressed as Me [Q1; Q3]. When
comparing the parameters for three groups with a normal
distribution, an analysis of variance was performed (Welch’s
ANOVA, the absence of equality of variances was confirmed
by the Levene’s test), and the Tukey's range test was used
for a post hoc analysis. The Student’s parametric t-test was
used to compare two groups. The Kruskal-Wallis test was
used to compare three groups when the data distribution was
not normal, and the Dunn post hoc test was used to detect
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statistically significant differences. The Pearson correlation
coefficient was calculated to assess the relationship be-
tween variables. For categorical data analysis, the Pearson’s
X* test was used to assess differences, and the effect size
was estimated using the odds ratio and corresponding 95%
confidence interval. Differences were considered statistically
significant at a level of p <0.05.

RESULTS

The mean age of subjects was 15.9 (0.84) years in
the main group and 15.5 (0.70) years in the control group
(p=0.74). The mean BMI was 31.1 (4.9) kg/m? in subgroup 1
of the main group, 30.8 (4.5) kg/m? in subgroup 2 (p=0.49),
and 20.0 (1.9) kg/m? in the control group (p <0.001 for com-
parison of subgroups 1 and 2).

Table 1 presents the distribution of subjects in the main
group by BMI and the presence of menstrual cycle disorders.

The distribution by BMI showed a predominance of sub-
jects with grade | obesity in both subgroups.

Obesity as a disease can contribute to comorbidities. This
is particularly important for the reproductive potential of fu-
ture parents. Therefore, addressing this issue is an import-
ant part of managing overweight and obese patients. Table 2

Vol. 11 (2) 2024
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presents data on comorbidities in subjects.

Table 2 shows the prevalence of general medical con-
ditions in subjects in the main group, and every fourth girl
examined demonstrated a statistically significant differ-
ence in cardiovascular disorders, especially congenital ones
(ventricular septal defect, ectopia of the chords of the left
ventricle, patent foramen ovale, aortic valve disease, mitral
valve prolapse). In addition, teenage girls in the main group
have a significantly higher incidence of urinary tract diseases
(chronic pyelonephritis, chronic cystitis), endocrine disorders
(hypothyroidism, autoimmune thyroiditis, hyperprolactin-
emia), and autonomic nervous system disorders.

Menarche was found to occur at normal age in all sub-
jects. In the control group, the subjects reported no men-
strual disorders; the cycle was established immediately and
was regular. In subgroup 1, menstrual disorders included
oligomenorrhea in 22 of 42 subjects, dysmenorrhea in 17,
and abnormal uterine bleeding in 3. It should be noted that
most of these subjects noticed the current disorders from
menarche.

Abdominal ultrasound in subgroup 1 showed echo-
graphic signs of liver disorders, pancreatic disorders, or
their combination in 15 (36%) of 42 subjects, with lesions
typical of fatty liver disease in &4 subjects. No abnormalities

Table 1. Distribution of girls in the main group depending on body mass index and the presence of NMC

Main group (N =70)

Body mass index

No. of subjects

Subgroup 1 (N =42) | Subgroup 2 (N = 28)

+1.0 to +2.0 (overweight) 9 4 5
Obesity +2 to +3 (grade |) 45 28 17
+3 to +4 (grade II) 14 8 6
More than +4 (grade IIl) 2 2 —

Table 2. Nature of comorbidity in adolescent girls

Main group (N =70)

Control group

Comorbidity Subgroup 1 (N1=42) | Subgroup 1 (N1=42) (N =35) P
Cardiovascular disorders 11 (26%) 7 (25,0%) 2 (5,7%) X’=2.58 p=0.014; OR=5.7;
95% CI: 1.2, 26.2
Chronic urinary tract disorders 8 (19,0%) 3(10,7%) 1(3,0%) X=2.64; p=0.10
Autonomic nervous system 9 (21,4%) 6 (21,0%) 3(8,6%) X*=2.72; p=0.10
disorders
Digestive system disorders 6 (14,3%) 6 (21,0%) 2 (5,7%) X=1.74; p=0.19
Endocrine disorders 3(7,1%) 2 (7,1%) 1 (4,5%) x%=0.39; p=0.54
Anemia 5(11,9%) 2 (7,1%) 1(3,0%) X=1.22; p=0.27
ENT disorders 3(7,1%) 1(3,5%) — x=1.1; p=0.30
No disorders detected 18 (42,9%) 10 (35,7%) 24 (68,6%) X’=1.6; p=0.006;

OR=3.3; 95% ClI: 1.4, 7.7

Significance of differences between the main and control groups.
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Table 3. Results of the hormonal studies in the compared groups

Main group (N =70)

Control group

Hormonal tests (N = 35) p
Subgroup 1 (N1 = 42) | Subgroup 2 (N2 = 28)

Thyroid stimulating hormone 2.21.7;: 3.2 2.111.2; 3.1] 1.2 [1.0; 1.5] < 0.001 (0.01*; < 0.001**)
Follicle-stimulating hormone 4.6 [3.1; 5.5] 4.2 [3.1; 6.01] 5.11[3.1;7.5] 0.39
Luteinizing hormone 4.613.3;6.7] 5.113.3; 6.9] 2.93[1.9; 3.8] 0.015 (0.02; 0.04)
Estradiol 156.5 [102.5; 436.9] 156.5[117.0; 481.0]  258.0 [117.5; 387.5] 0.43

DHEAS 6.2 3.9; 7.6] 6.35 [4.2; 7.5] 4.012.9;5.7] 0.002 (0.004; 0.01)
Anti-Mullerian hormone 4.213.1; 6.2] 4.813.3; 6.9] 3.8[3.0; 4.9 0.18

Free testosterone 0.8 [0.5; 1.1] 1.0[0.5; 1.2] 0.7 [0.5; 95.0] 0.1

* Differences between subgroup 1 and control group;

** Differences between subgroup 2 and the control group (based on a posteriori tests).
No statistically significant differences were found between subgroups 1 and 2.

were found in 27 (64%) subjects. In subgroup 2, 7 (25%) of
28 subjects also had diffuse lesions in the liver or pancreas,
and one girl had gallstone disease; 21 (75%) subjects had
no abnormalities.

Thyroid ultrasound showed more frequent and significant
findings; 31 (44%) of 70 subjects in the main group were
found to have abnormalities. In subgroup 1, 18 (43%) of
42 subjects showed ultrasound evidence of thyroid morpho-
logic changes, including 14 with diffuse lesions (5 cases of
significant lesions, 5 cases of combination of multiple and
single cystic lesions, 1 case of combination with hypoplasia,
2 cases of cysts up to 5 mm in diameter). In subgroup 2,
13 (46%) of 28 subjects had diffuse thyroid lesions, and only
one case was combined with a 3 mm cystic lesion. In the
control group, diffuse thyroid lesions were found in 8 (23%)
of 35 subjects. The differences were statistically significant
(x’=4.6; p=0.033; odds ratio (OR)=2.7; 95% confidence interval
(Ch 1.1, 6.7).

Pelvic ultrasound was performed to assess the ovarian
reserve. No subjects were identified with a decreased num-
ber of antral follicles. In subgroup 1, however, morphologic
changes in gonads were found in 9 (21%) of 42 subjects.
These included 2 cases of multifollicular ovaries and 7 cases
of cystic lesions not exceeding 45 mm in diameter (functional
cysts). In subgroup 2, similar results were obtained; ovarian
cysts up to 42 mm in diameter were found in 6 (21.4%) of
28 subjects. In the control group, functional ovarian cysts up
to 40 mm in diameter were detected in 2 (5.7%) of 35 sub-
jects. In one case, a bicornuate uterus was suspected. No
statistically significant differences were found between the
groups for these characteristics (y?=3.15; p=0.076).

The hormonal profile is one of the most important param-
eters of adolescent reproductive health (Table 3).

Although all pituitary tropic hormones are within the nor-
mal range, their statistically significant difference between
obese and healthy adolescents may indicate stressful func-
tioning of the hormonal system.

DOl https://doiorg/10.17816/a0g623723

Adherence to treatment and lifestyle modification were
assessed in order to develop personalized treatment plans
and health-promoting activities for subjects in the main
group. An attempt to compare adherence to treatment and
lifestyle modification using BMI did not show any association.
However, ranking by age revealed some patterns. The com-
parison showed a greater predisposition to treatment and
lifestyle modification at the age of 15 years than one year
older (x>=13.28; p=0.003).

The comparison of adherence in the main group and po-
tential adherence in the control group suggests that healthy
girls are more likely to seek treatment in the case of ill-
ness than those who already have symptoms of metabolic
disorders. Two components of adherence were assessed in
the main group where subjects were scheduled to receive a
therapeutic and health promotion intervention. These were
adherence to drug therapy and adherence to lifestyle modi-
fication (Figure 1).

The density of the distribution of points in the figure
shows the correlation between these two components: those
who are more committed to drug therapy are also willing to

100
80
60
40

20

Adherence to lifestyle modifications

0 T T T T T

T T T T
10 20 30 40 5 60 70 80 90
Adherence to drug therapy

Fig. 1. Correlation between adherence to drug therapy and
adherence to lifestyle modifications in the study group.
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change their lifestyle (r=0.77; p <0.001). A similar pattern was
found for adherence to medical support, indicating willing-
ness to undergo medical and diagnostic procedures (=0.68;
p <0.001).

DISCUSSION

This study of potential to evaluate reproductive health of
adolescent girls with obesity, showed an important role in
achieving the set goal of both medical history and clinical
laboratory data, psychological testing which helps to assess
the chances of the effectiveness of planned treatment and
preventive measures.

The negative impact of excess body weight on comorbidity
is well known [19]. The study found a statistically significant
prevalence of some disorders that affect both general health
and reproductive health. This was mainly related to heart
disease (OR=5.7; 95% Cl 1.2, 26.2) and to a lesser extent to
the urinary and nervous system disorders (p=0.1). A similar
conclusion was reached by Greek colleagues who found ath-
erosclerotic damage to the heart vessels in adolescent girls
with polycystic ovary syndrome of different BMI [20].

A study of the hormonal profile of adolescent girls with
obesity showed the significant importance of impaired pro-
duction of tropic hormones, especially TSH. Metwalley et al.
[21] found a direct correlation between the decreased ovarian
reserve and thyroid dysfunction in adolescents. Ultrasound
confirmed the presence of reproductive health risks due to
morphological changes in the thyroid gland in almost half
(44%) of girls with obesity (OR=2.7; 95% CI 1.1, 6.7). The
absence of both ultrasound and AMH-related symptoms of
decreased ovarian reserve in all subjects in the main group
suggests a later onset of this complication.

Rychkova et al. [9] showed negative behavioral char-
acteristics of overweight adolescents, including aggressive
manifestations. In fact, adolescence is characterized by neu-
ropsychiatric deviations that limit the potential for long-term
treatment and rehabilitation courses that determine the out-
come of the disease and its impact on reproductive health.
Therefore, the study used a modern Russian technology
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for quantitative assessment of adherence to treatment and
lifestyle modification adapted to adolescents [16]. Girls with
obesity are more likely to have moderate and low adherence
to treatment, so we need to consider this aspect and provide
additional psychological support, possibly involving not only
parents but also clinical psychologists.

Clinical and laboratory tests and adherence data were
used to assess the reproductive health characteristics of
overweight and obese adolescent girls in order to take timely
preventive measures. The most significant predictors that are
thought to have a negative impact on future fertility include
thyroid dysfunction due to hypothalamic-pituitary disorders,
high BMI, and poor adherence to treatment. It should be not-
ed that the later treatment of identified disorders is initiated,
the less likely it is to prevent reproductive problems.

CONCLUSION

Statistically significant differences in medical history,
clinical and laboratory tests and adherence to treatment were
found in a group of overweight and obese adolescent girls
living in a large industrial region with high anthropogenic pol-
lution. These findings help identify reproductive health risks
and the need to improve and implement personalized medical
and psychological programs to prevent these risks.
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