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Problematic Issues of Insulin Resistance 

in Adolescencent Girls with Body Mass Index 

Disorders

Проблемные вопросы инсулинорезистентности у девочек 

подросткового возраста с нарушениями индекса массы тела

______________________ Abstract __________________________________________________________________________ 

Introduction. Obesity is recognized as the most important factor leading to the formation 

of insulin resistance. In clinical practice, insulin resistance is also found in persons with normal 

body weight. The study of carbohydrate metabolism in case of body mass index disorders has 

special relevance in adolescence, since sexual development is accompanied by decrease of insulin 

sensitivity and formation of the so-called pubertal insulin resistance. 

Purpose. The goal is to study the glycemic status in adolescent girls, taking into account the body 

mass index and the stage of puberty.

Materials and methods. 124 girls of 8–15 years old have been examined. They were distributed 

into observation groups, according to the results of calculating the body mass index (BMI), 

according to the SDS criteria: underweight, overweight/obese, and normal body weight. In order to 

identify disorders of carbohydrate metabolism in the observation groups, the level of glucose and 

immunoreactive insulin was determined, and the index of insulin resistance was calculated.

Results. There were no signifi cant diff erences between the groups in the content of glucose in the 

blood serum. The number of girls whose insulin levels exceeded physiological values was the highest 

in the overweight/obese group (59.3%). Signifi cantly fewer girls with hyperinsulinemia were found 

in groups with underweight and normal body weight (21.4% and 25.9%, respectively). Increase of 

the average indices of the HOMA-IR index was noted as the body mass increased. It was revealed 

that regardless of the parameters of body weight in the prepubertal and early pubertal periods, the 

level of functional systems tension increases, which is associated with specifi c features of growth 

and development that aff ect the formation of preadaptive characteristics of the organism.

Conclusions. The presence of hyperinsulinemia in adolescent girls with altered body weight, even 

in the presence of normoglycemia, completely justifi es early preventive measures, taking into 

account the age and individual typological characteristics of the organism.

Linking of this work with scientifi c programs, plans, themes. The article is a fragment of the 

research work of the Department of Polyclinic Pediatrics of the KhMAPE «Social, medical-biological 

and clinical aspects of health formation in the childhood: prognosis – early diagnostics – prevention 

of chronic somatic pathology» (state registration number 0111 U003590).
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  INTRODUCTION
Sexual development is an integral part of the girl’s puberty, as a period of 

physiological and psychological changes that helps to adapt to independent 

living physically and socially. The process of puberty changes is staged, 

which is based on a strict cyclic interaction of hypothalamic structures, 

pituitary gland and gonads, which is associated with the girls reproductive 

system formation. 

Factors infl uencing a girl’s puberty period include quality of nutrition, 

physical and emotional stress, as well as social environment [3, 10, 15]. 

Deviation of body weight in one or other direction can have a negative 

impact on the sexual development of adolescents [4].

______________________ Резюме __________________________________________________________________________ 

Введение. Ожирение признано важнейшим фактором, приводящим к формированию инсу-

линорезистентности. В клинической практике инсулинорезистентность обнаруживают и у 

лиц с нормальной массой тела. Изучение углеводного обмена при нарушениях индекса массы 

тела приобретает особую актуальность в подростковом возрасте, поскольку половое разви-

тие сопровождается снижением инсулиновой чувствительности с формированием так назы-

ваемой пубертатной инсулинорезистентности.

Цель. Изучить гликемический статус у девочек подросткового возраста с учетом индекса мас-

сы тела и стадии пубертата. 

Материалы и методы. Обследовано 124 девочки в возрасте 8–15 лет, которые были распре-

делены в группы наблюдения по результатам расчета индекса массы тела согласно критериям 

SDS: с дефицитом массы тела, с избыточной массой тела / ожирением и с нормальной массой 

тела. С целью выявления нарушений углеводного обмена в группах наблюдения определяли 

уровень глюкозы, иммунореактивного инсулина, рассчитывали индекс инсулинорезистент-

ности. 

Результаты. По содержанию глюкозы в сыворотке крови достоверных различий между груп-

пами обнаружено не было. Количество девочек, у которых уровень инсулина превышал фи-

зиологические значения, было наибольшим в группе с избыточной массой тела / ожирением 

(59,3%). Значительно меньше девочек с гиперинсулинемией обнаружено в группах с дефици-

том массы тела и нормальной массой тела (21,4% и 25,9% соответственно). Увеличение сред-

них показателей индекса НОМА-IR отмечалось по мере возрастания показателей массы тела 

девочек-подростков. Установлено, что независимо от параметров массы тела в препубертат-

ном и раннем пубертатном периодах повышается уровень напряженности функциональных 

систем, что связано со специфическими особенностями роста и развития, которые влияют на 

формирование преадаптивных особенностей организма. 

Выводы. Наличие гиперинсулинемии у девочек-подростков с измененной массой тела, даже 

при наличии нормогликемии, вполне оправдывает проведение ранних профилактических ме-

роприятий с учетом возрастных и индивидуально-типологических особенностей организма.

Связь работы с научными программами, планами, темами. Статья является фрагментом 

научно-исследовательской работы кафедры поликлинической педиатрии ХМАПО «Соціальні, 

медико-біологічні та клінічні аспекти формування здоров’я у дитячому віці: прогнозування – 

рання діагностика – профілактика хронічної соматичної патології» (государственный реги-

страционный номер 0111 U003590). 

Ключевые слова: девочки, пубертат, индекс массы тела, инсулинорезистентность, углевод-

ный обмен. 
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WHO experts recommend the use of body mass index (BMI) for physical 

development screening assessment, diagnosis of both underweight and 

overweight, determining the risk of various diseases. Body mass index 

(BMI), is recognized as one of the most important indicators of physical 

development [17]. High rates of BMI are associated with obesity, metabolic 

disorders, cardiovascular disease (CVD), diabetes mellitus (DM), and low 

rates show protein-energy defi ciency, menstrual cycle disorders and the 

synthesis of sex hormones in girls, further development of gynecological 

diseases and obstetric complications in them [8, 13, 16].

Not pronounced excess body weight (EBW) or body weight defi ciency 

(BWD), which does not exceed 10–19% of the reference values, tend to 

remain out of the attention of doctors, parents and teachers. However, a 

large number of adolescents with EBW need medical monitoring to prevent 

obesity, CVD of atherogenic genesis, hormonal disorders [5, 7, 9, 11, 18]. 

Very few references have been found in the scientifi c literature, with regard 

to BWD, this fact should also attract the attention of experts in order to 

prevent reproductive health disorders in women since childhood.

Sexual development is accompanied by decrease in insulin sensitivity 

and the formation of so-called puberty insulin resistance (IR) and increase 

in insulin levels, causing widespread of metabolic disorders in adolescents 

[12, 19]. In the period of puberty in conditions of constant restructuring of 

hypothalamic structures functioning and changes in rhythm and volume 

of hormone secretion, autonomic activity of IR, hyperinsulinemia (HI) and 

hypersympathicotonia mutually potentiate, also activating the mechanisms 

that contribute to the formation of metabolic syndrome (MS) [1, 2, 6, 14, 20].

Therefore, it is important to study the peculiarities of metabolism, 

in particular carbohydrates, in contemporary adolescent girls having 

weight disorders (overweight and underweight) at the stage of outpatient 

monitoring, which is the subject of the study.

The number of scientifi c works devoted to the study of metabolism 

peculiarities in contemporary adolescent girls having weight disorders 

(overweight and underweight) at diff erent stages of puberty is extremely 

limited, and became the subject of this study.

  PURPOSE OF THE STUDY 
Is to study the adolescent girls glycemic status, taking into account the 

body mass index and puberty stage.

  MATERIALS AND METHODS
124 girls aged 8–15 years have been examined. They were distributed 

into groups for monitoring the results of the body mass index (BMI) 

according to the criteria (SDS – standard deviation score): the 1st group – 

having body mass defi ciency (BMD) – 40 children, the 2nd group – having 

excess body weight/obesity (EBW/О) – 42 children, the 3rd group – having 

normal body weight (NBW) – 42 children.

The level of sexual development (SD) was determined according to 

W.A. Marshal, J.M. Tanner. Therefore, adolescents were distributed into 

the following subgroups: the fi rst subgroup (prepubertate, PP) – children 

aged 8–11 years with no secondary sexual characteristics (SSC); the second 

subgroup (early puberty, EP) – adolescents aged 10–13 years, whose SD 

Проблемные вопросы инсулинорезистентности у девочек подросткового возраста 
с нарушениями индекса массы тела
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level corresponded to II-III stages according to Tanner; in the third subgroup 

(actual puberty, AP) there were teenagers aged 14-15 years whose SD level 

corresponded respectively to IV–V stages according to Tanner.

In order to detect early carbohydrate metabolism disorders in adolescent 

girls, glycemic status was determined in terms of fasting glucose and insulin 

levels index, using a standard glucose tolerance test based on the HOMA-IR 

cardiac insulin resistance index and the area under the glucose curve. Glucose 

levels were studied on a biochemical analyzer «Statfax 1904» (USA); level of 

immunoreactive insulin (IRI) was determined by the method of immuno-

enzyme analysis (IEA) on the analyzer «Stat Fax 303 Plus» (USA) with sets 

of reagents DRG (USA). The calculation of the HOMA-IR index (Homeostasis 

Model Assessment of Insulin Resistance) was performed according to 

the formula: fasting insulin (mcU/ml) x fasting glucose (mmol/L) : 22.5.

Clinical and statistical methods based on variational statistics, 

probability distribution of signs and methods of estimating the probability 

of the obtained results have been used in the study. The average values of 

indicators and their errors were determined by the formula of the average 

value of relative indicators.

The degree of probable diff erence between the mean values was 

determined using Student’s t criterion. The diff erence between the mean 

values of the two groups was considered probable at t≥2, which corresponds 

to a high level of results reliability (over 95.0%) and a high level of probability 

(p<0.05).

  RESULTS AND DISCUSSION 
It was found that the median and interquartile range of fasting glucose 

level in the group of girls having BMD (4.7 mmol/L [4.3–5.3]) diff ered reliably 

from girls having EBW/O (4.4 mmol/L [3.5–5.8]) and NBW (4.3 mmol/L [3.7–

4.8]). Among girls having EBW/O the interquartile range of this indicator was 

a bit wider, but the parameters were in line with the age norm.

The median glucose level was reliably higher in the Ist observation group 

(in girls having BMD) compared with the IInd (EBW/O) and the IIIrd (NBW) 

groups (p<0.05); no reliable diff erences were found between groups II 

and III (p>0.05). When studying of glucose levels, taking into account the 

degree of obesity, there was a tendency of increasing this indicator as the 

body mass index increases: it was the IInd group where there was one case of 

hyperglycemia (in the presence of grade 2 obesity, BMI=35.8).

According to the results of the research, based on a survey of 372 children 

at diff erent stages of puberty, the average values of insulin resistance were 

proposed and it was concluded that their values progressively increase 

as a teenager matures. We also analyzed the features of carbohydrate 

metabolism in the observation groups at diff erent stages of puberty: in 

prepuberty (PP), early puberty (EP) and actual puberty (AP).

There were no reliable diff erences between the subgroups in the serum 

glucose content (table 1).

Analyzing the level of insulin in the observation groups, we established 

the median and interquartile range of its values: BMD – 22.9 mcIU/ml [14.2; 

31.8], ENW/O – 36.5 mcIU/ml [5.0; 127.1], NBW – 20.5 mcIU/ml [2.2; 42.6].

The average insulin values in girls having BMD and NBW did not diff er 

reliably: 22.9±0.9 mcIU/ml and 20.5±2.0 mcIU/ml (p>0.05), but a high degree 
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of diff erences was found in comparison with EBW/O group, where the value 

is 36.5±5.4 mcIU/ml (p<0,001).

The number of girls whose insulin levels exceeded physiological values 

was the highest in group II (59.3%), lower – in groups I and III (21.4% and 

25.9%). The presence of HI in normoglycemia, as a rule, indicates insulin 

resistance, which is a precursor to the development of type 2 diabetes. 

Today, it is proven that obesity is the most important factor leading to the 

formation of insulin resistance (IR). Many researchers have found a close 

correlation between an increase in waist volume, which indicates the 

presence of abdominal obesity, and the severity of IR. However, in some 

cases, IR is observed in people with normal body weight, in the absence 

of abdominal obesity. There is an assumption that in such patients the 

decrease in tissue sensitivity to insulin is genetically programmed.

One of the most interesting theories is the hypothesis of the relationship 

of IR with low body weight of children at birth. It is assumed that malnutrition 

of the fetus in utero leads to a persistent violation of tissue sensitivity to 

insulin, the tendency to obesity in adulthood, and subsequently leads to the 

formation of other manifestations of MS. In this regard, we carefully studied 

the medical records and found that prematurity at birth was probably 

more common among children having EBW/O (21.4±6.35%) compared to 

children having BMD (5.0±3.4%) and NBW (4.8±3.3%) (p<0.05).

Insulin threshold levels, according to various authors, are in the range 

of 11.0–20.0 mcIU/ml (in clinical practice, the range of 11.0–15.3 mcIU/

ml is more often used). The presence of hyperinsulinemia in the group of 

girls having NBW and BMD can be considered as compensation necessary 

to overcome IR and maintain normal glucose transport into cells. Since 

insulin can aff ect a variety of metabolic processes, in adolescent girls in this 

case, it synchronizes the processes of growth and puberty with the optimal 

level of metabolism in the body. The values of IR indicators progressively 

increase during puberty. In obese girls, this factor can be pathological and 

contribute to the emergence and development of metabolic, hemodynamic 

and organ disorders, which lead to the development of type 2 diabetes and 

dyslipidemia.

Table 1 

Serum glucose content in adolescent girls taking into account BMI and stage of sexual development

Observation 
groups

Division into subgroups depending on the stage of sexual 
development (M±m), mmol/L 

p
prepuberty,
n=17

early puberty,
n=29

actual puberty,
n=25

BMD 4.5±0.1 4.8±0.1 4.3±0.1
а–b>0.05
а–c>0.05
b–c>0.05

EBW/O 4.6±0.3 4.2±0.2 4.5±0.2
а–b>0.05
a–c>0.05
b–c>0.05

NBW 4.3±0.1 4.6±0.1 4.2±0.1
а–b>0.05
а–c>0.05
b–c>0.05

Notes: a – prepubertу; b – early puberty; с – actually puberty.

Проблемные вопросы инсулинорезистентности у девочек подросткового возраста 
с нарушениями индекса массы тела

574 "Pediatrics. Eastern Europe", 2021, Volume 9, Number 4



Оригинальные исследования

In PP, EP and AP, the average insulin levels in the entire sample tended to 

increase in values as the girls’ body matured (table 2). 

It is interesting to fi nd a reliable increase in the average insulin levels 

among girls of the IInd group having the presence of obesity of the 1st and 

the 2nd degrees (33.3±4.2 mcIU/ml and 67.9±5.4 mcIU/ml) compared to 

those BMD and NBW (22.9±0.9 mcIU/ml and 20.5±2.0 mcIU/ml) (p<0.001). 

However, the lower level of this indicator in 1/3 girls of group II (8.5±0.9 

mcIU/ml) in comparison with the group having BMD and NBW (p<0.001) 

remains unclear.

Insulin levels in girls having EBW/O, while remaining consistently high 

at all stages of sexual development, tended to increase at the stage of early 

puberty, in the absence of signifi cant diff erences (p>0.05). In girls having 

BMD at the stage of early puberty there was a sharp rise in the rate (from 

14.2±0.2 to 25.3±9.8 mcm/l) and a slight decrease until the end of puberty 

(22.1±1.1 mcm/l). In girls having BMD there was a gradual increase in insulin 

levels in prepuberty (14.2±1.1 mcm/l), in early puberty (21.5±4.3 mcm/l) and 

until the end of puberty (27.3±5.6 mcm/l).

The calculation of the HOMA-IR index in the observation groups revealed 

a range of its values in all groups. Reliability of diff erences in averages was 

found between groups I and II, II and III (p<0.05).

The median and interquartile range of index values in the observation 

groups had the following parameters: BMD – 4.7 [2.9; 6.7], EBW/O – 6.5 [2.8; 

16.2], NBW – 5.2 [0.4; 19.7]. The frequency of exceeding the standards of this 

indicator in the observation groups was diff erent: 14.2% among girls having 

BMD, 31.2% – ones having EBW/O and 29.6% – ones having NBW.

There was found a pattern – the average values of the HOMA-IR index 

increased with increase of the girls’ body weight (4.6±0.8 in BMI; 9.2±0.8 in 

the 1st degree obesity and 10.2±0.8 in the 2nd degree obesity).

During puberty, the whole sample tended to increase the values of the 

HOMA-IR index: 4.2±0.5 in prepuberty, 5.7±0.7 in early puberty and 6.6±0.7 

at the stage of actual puberty (Table 3).

Table 2

Serum insulin content in adolescent girls taking into account BMI and stage of sexual development

Observation 
groups

Division into subgroups depending on the stage of sexual 
development (M±m), mcIU/ml

p
prepuberty,
n=17

early puberty,
n=29

actually puberty,
n=25

BMD 14.2±0.2 25.3±9.8 22.1±1.1
а–b<0.05
а–c<0.05
b–c>0.05

EBW/O 34.2±9.8 37.2±10.9 36.4±10.1
а–b>0.05
а–c>0.05
b–c>0.05

NBW 14.2±1.1 21.5±4.3 27.3±5.6
а–b<0.05
а–c<0.05
b–c<0.05

Notes: a – prepuberty; b – early puberty; с – actually puberty.
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Sharp increase of an indicator at a stage of early puberty was revealed 

in adolescent girls having BMD and NBW; a slight decrease before the 

completion of puberty was observed in girls having BMD; indicators were 

within the previous values in girls having EBW/O.

Insulin levels have been analyzed in the observation groups and the 

median (Me) and interquartile range of values (Lq – lower quartile, Uq – 

upper quartile) have been determined: for BMD – 22.9 mcIU/ml [14.2; 31.8], 

for EBW/O – 36.5 mcIU/ml [5.0; 127.1], for NBW – 20.5 mcIU/ml [2.2; 42.6]. 

The number of girls whose insulin levels exceeded physiological values was 

the highest in the 2nd group (59.3%), lower – in the 1st and 3rd groups (21.4% 

and 25.9%) (p<0.05).

Threshold levels of insulin, according to various authors, are within the 

range of 11.0–20.0 mcIU/ml (more commonly used ones are 11.0-15.3 mcIU/ml). 

It can be assumed that HI in the group of girls having NBW and BMD 

performs a compensatory function which is necessary to overcome IR and 

maintain normal glucose transport into cells. Since insulin aff ects a variety 

of metabolic processes, in this very case it can synchronize the processes of 

growth and puberty with the optimal level of metabolism in the body.

Insulin levels in girls having EBW/O remained consistently high at all 

stages of SD and increased at the stage of EP, in the absence of signifi cant 

diff erences in its content at the stages of PP and AP (p>0.05). In girls 

having BMD at the stage of EP there was a sharp increase (from 14.2±0.2 

to 25.3±9.8 mcIU/ml) and its slight decrease before puberty completion 

(22.1±1.1 mcIU/ml)). At NBW there was a gradual increase in insulin levels in 

PP (14.2±1.1 mcIU/ml), then – in EP (21.5±4.3 mcIU/ml) and at the stage of 

formation of AP (27.3±5.6 mcIU/ml) (p>0.05).

The credibility of diff erences in the average indicators of the HOMA-IR 

index was found between the 1st and 2nd and 2nd and 3rd groups (p<0.05). 

The median and interquartile range of HOMA-IR index values in the groups 

were: for BMD – 4.7 [2.9; 6.7], for EBW/O – 6.5 [2.8; 16.2], for NBW – 5.2 

[0.4; 19.7]. The percentage of adolescents who exceeded the HOMA-IR 

reference values in the observation groups was diff erent: 14.2% among girls 

Table 3 

Serum NOMA-IR levels in the adolescent girls taking into account BMI and stage of sexual development

Observation 
groups

Division into subgroups depending on the stage of sexual 
development (M±m)

p 
prepubertу,
n=17

early puberty,
n=29

actually puberty,
n=25

BMD 2.9±0.1 5.4±0.4 4.2±0.8
а–b<0.05
а–c<0.05
b–c>0.05

EBW/O 6.4±1.7 6.5±1.5 6.1±1.3
а–b>0.05
а–c>0.05
b–c>0.05

NBW 2.8±0.2 5.5±1.6 8.2±2.2
а–b<0.05
а–c<0.05
b–c<0.05

Notes: a – prepuberty, b – early puberty, с – actually puberty.

Проблемные вопросы инсулинорезистентности у девочек подросткового возраста 
с нарушениями индекса массы тела
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having BMD, 31.2% – ones having EBW/O and 29.6% – ones having NBW; 

the probability of diff erences was found between the 1st and 3rd groups 

(p<0.05). The increase in the average index indicators was observed in girls 

having increasing BM (4.6±0.8 with EBW/O; 9.2±0.8 having obesity of the Ist 

stage and 10.2±0.8 having obesity of the IInd stage P<0.05). The presence of 

BMD and NBW revealed a sharp rise of the indicator at the stage of EP and 

a slight decrease at the stage of AP; at EBW/O – the indicator was within the 

reference values.

  CONCLUSIONS
1. Analysis of insulin levels in adolescent girls at diff erent stages of puberty 

showed that regardless of body weight parameters in prepuberty and 

early puberty periods the level of tension of functional systems increases, 

which is associated with specifi c features of growth and development 

that aff ect the formation of preadaptive features of teenage girls’ body.

2. The presence of hyperinsulinemia in adolescent girls with altered body 

weight (59.3% having EBW/O and 21.4% having BMD), even in the 

presence of normoglycemia fully justifi es the implementation of early 

preventive measures, taking into account age and individual typological 

features of the body, aimed at the prevention of hyperinsulinism and 

premature atherogenesis.

3. The study of the vegetative homeostasis characteristics in adolescent 

girls should be considered promising, taking into account BMI and 

puberty stage.

Confl ict of interest. The authors declare no confl ict of interest.
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