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Summary

Background. The purpose of this prospective case-control research was to compare insulin
resistance in obese and non-obese students with regard to Glycosylated Hemoglobin (HbAlc)
and the Homeostatic Model Assessment Insulin Resistance (HOMA-IR).

Material and methods. This study was conducted with a total of 122 students who were
determined to be obese (n=35), overweight (n=43) and normal weight (n=44), among students
at a university in Tiirkiye (n=891). Students were first classified according to their Body Mass
Index (BMI) and blood samples were taken for fasting blood glucose, HgAlc, and insulin
levels.

Results. Of the 891 students participating in the study, 4.83% (n=43) were overweight and
3.93% (n=35) were obese. HbAlc levels were found below 5.7 for 72.7% of normal weight
students and HbAlc levels were found between 5.7-6.4 for 65.7% of obese students. There

was a significant statistical difference between them (p=0.001). When the HOMA-IR value
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was >3.16, there was a significant difference between the obese group and the other groups
(p=0.042). There was a significant positive correlation between BMI and both HbAlc
(r=0.299, p=0.001) and HOMA-IR (r=0.432, p=0.000).

Conclusions. It was found that HOMA-IR was more common in obese students, and early
diagnosis of insulin resistance might be HbAlc. HbAlc can be used since it is inexpensive
and simple to evaluate insulin resistance in obese young adults.

Keywords: HbAlc, insulin resistance, young adults, nursing care, obesity

Streszczenie

Woprowadzenie. Celem tego prospektywnego badania kliniczno-kontrolnego byto
poroéwnanie mtodych oso6b dorostych, ktorzy nie mieli nadwagi z tymi, ktorzy byli otyli pod
wzgledem zwigzku migdzy hemoglobing glikozylowang (HbAlc) a oceng modelu
homeostazy insulinoopornosci (HOMA-IR).

Material i metody. Badania przeprowadzono z udzialem 122 studentow, u ktorych
stwierdzono otytos¢ (n=35), nadwage (n=43) i prawidlowa mase ciata (n=44), wsrod
studentow uniwersytetu w Turcji (n=891). Studenci zostali najpierw sklasyfikowani wedtug
wskaznika masy ciata (BMI), a nastgpnie pobrano od nich probki krwi w celu oznaczenia
poziomu glukozy na czczo, HgAlc i insuliny.

Wyniki. Sposrod 891 studentéw bioracych udziat w badaniu, 4,83% (n=43) miato nadwagg, a
3,93% (n=35) bylo otylych. Poziom HbAlc wynosit ponizej 5,7 u 72,7% studentow z
prawidlowa masa ciata, a poziom HbAlc miedzy 5,7 a 6,4 u 65,7% studentow otytych.
Istniata migdzy nimi istotna rdéznica statystyczna (p=0,001). Gdy wartos¢ HOMA-IR
wynosita >3,16, wystgpowata istotna réznica miedzy grupa otytych studentoéw a pozostatymi
grupami (p=0,042). Stwierdzono istotng dodatnig korelacj¢ migdzy BMI a HbAlc (r=0,299,

p=0,001), jak i HOMA-IR (r=0,432, p=0,000).
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Whioski. Stwierdzono, ze HOMA-IR wystepowatl cz¢sciej U otytych studentow, a wczesng
diagnoza insulinoopornosci moze by¢ HbAlc. Badanie HbAlc jest niedrogie i proste dlatego
moze by¢ stosowane w ocenie insulinoopornosci U otytej mtodziezy.

Stowa kluczowe: HbALc, insulinoopornos¢, mtodzi doro$li, opieka pielegniarska, otytosé

Introduction

Obesity is defined as a high level of fat caused by an imbalance between energy intake
and consumption to a level where it harms health [1]. Obesity is a problem of energy
metabolism that is becoming more common in both developed and developing nations.
Obesity has become one of the leading causes of disability and death, affecting not only adults
but also children and adolescents worldwide [2]. The World Health Organization (WHO)
study states that obesity is becoming more commonplace each year. According to the WHO
data, it is reported that adult obesity has more than doubled worldwide since 1990, and
obesity in adolescence has quadrupled. It is emphasized that in 2022, 43% of adults aged 18
and over will be overweight and 16% will live with obesity [3]. Like in other nations across
the world, the prevalence of obesity is rising daily in our own country. According to the
results of the Tiirkiye Health Survey (2022), when calculated according to body mass index,
20.2% of people aged 15 and over were obese and 35.6% were overweight. When examined
by gender, it is seen that 23.6% of women were obese and 30.9% were overweight, while
16.8% of men were obese and 40.4% were overweight [4].

Obesity causes negative metabolic changes on blood pressure, triglyceride,
cholesterol, and insulin resistance. Insulin resistance is linked to the obesity-diabetes

relationship. The primary factors contributing to the development of type 2 diabetes mellitus
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(T2DM) are insulin resistance and hyperinsulinemia. Insulin resistance and severe
hyperinsulinemia combine with central obesity. Specifically, research has shown that the
height of Body Mass Index (BMI) closely correlates with an increased risk of diabetes [5-9].
In research conducted by Kilig et al., fasting blood glucose and HbAlc levels of individuals
aged 18 and older with different BMI were analyzed, and it was determined that the
prevalence of diabetes increased with weight gain [4]. In the study conducted by Lee et al. [9]
on 126 obese and overweight children in the 7-14 age range, it is recommended that obesity
is linked to decreased glucose tolerance and that the HbAlc level should be checked in
addition to the oral glucose tolerance test [9].

Obesity is a pathophysiologic component of T2DM and is frequently associated with
insulin resistance [10]. Hyperglycemia, or elevated blood sugar, is a symptom of diabetes
mellitus (DM), a multifaceted chronic condition caused by insufficient insulin production,
action, or both [11]. Although the exact mechanism is unknown, obesity may contribute to
long-term, low-grade systemic and local inflammation that develops into insulin resistance-
associated DM [3,6]. Furthermore, hyperinsulinemia and insulin resistance may play a role in

the development of obesity [1].

Aim of the work

Several researchers suggested the connection between obesity and T2DM. However,
from what we have observed, little is known about the combined effects of HbAlc level and
overweight/obesity on the increased risk of insulin resistance, especially in the young Turkish
population. The appearance of obesity from an early age and the regular increase in insulin
resistance may explain the earlier onset of impaired glucose tolerance in children and

adolescents.
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The purpose of this prospective case control research was to compare insulin

resistance in obese and non-obese students with regard to HbAlc.

Material and methods

Study design

The study involves two stages.

The 1% stage of the study

The population of the study comprised 1121 students enrolled in the Sakarya
University, Faculty of Health Sciences for the 2016-2017 academic year, while the sample

was made up of 891 students who willingly agreed to take part in the research.

The 2" stage of the study

The G*Power (v3.1.7) tool was used for power analysis to calculate the sample size.
The effect size was calculated using HbAlc mean (5.68 and 5.92) and standard deviation
(0.26 and 0.42) values obtained from the publication entitled “HbA1c¢ and glucose intolerance
in obese children and adolescents” by Lee et al. [9]. In accordance with the calculation, it was
shown that a minimum of 35 students needed to participate in each group. 35 obese students,
43 overweight students, and 44 normal weight students constituted the control group. All
students who were obese and met the sampling criteria were included in the study.

Overweight and normal weight students were selected by a simple random sampling method.
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The following individuals were excluded from the study: those who did not consent to
participate, those with systemic infections or genetic and chronic disorders, as well as anyone

taking medication (metformin, corticosteroid, etc.) that may alter the test findings.

Instruments

Height and weight measurements were performed with the DESIS M301 brand
stadiometer. The device was installed and calibrated before using. Weight measurement was
taken with a digital scale sensitive to 100 grams. Care was taken to ensure that the individual
wore as little clothing as possible and no shoes. During the measurement, individuals could
not receive any support and had to step on the scale evenly. BMI were calculated by Weight
(kg) / Height? (m) formula. According to BMI values, 18.5-24.9 was normal weight, 25.0-

29.9 was pre-obesity, 30.0-39.9 was obesity and above 40 was considered morbid obesity [3].

Biochemical analyses

Blood samples were obtained by two researchers (ST and SYC) from the students in
the case and control groups for HgAlc, fasting blood glucose and insulin levels. Peripheral
venous blood samples were collected after a 12-hour fasting period. In the study, HgAlc and
fasting blood glucose tests were measured with the Architect® ci4100 Analyzer (Abbott
Diagnostics Ltd.). Serum insulin was measured with a Roche Cobas E601 Immunology
Analyzer. Blood collection, anthropometric and biochemical measurements were documented
with I1SO 9001 and CE standards. Blood samples were transferred to the hospital where the
samples were tested. Venous blood samples were collected in EDTA tubes and stored in the

refrigerator (+4 °C) until sent to the laboratory. The insulin resistance was calculated (Fasting
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Glucose (mg/dl)/Fasting Insulin (MIU/mI) /405) using the Homeostasis Model Assessment-
Insulin Resistance (HOMA-IR) index. If HOMA-IR value was above 3.16, it was evaluated as
insulin resistance [7,8,12]. Those with HbAlc > 6.5% were considered DM, and those with

HbA1c values of between 5.7 and 6.4 were considered to have a prediabetes risk [13].

Ethical dimension of the study

The study received ethical approval (Approval number: 16214662/050.01.04/146)
from the Medical Faculty Ethics Committee at Sakarya University. Written and verbal
approvals were obtained by reading the informed consent to the students participating in the

study. The Declaration of Helsinki was followed in the conduct of the study.

Statistical analysis

Statistical analyses were performed using the SPSS 25.0 software. Frequency (f) and
percentage (%) of descriptive statistics were used as the statistical methods in the study. An
independent group t-test and one-way ANOVA test was used for those with normal
distribution, and Kruskal Wallis-H test was used because the distribution was non-standard.
Bonferroni correction was used to adjust the significance level of multiple comparisons to
control the type | error rate. A Chi square test was used to determine the difference between
the expected frequencies. The Spearman correlation analysis was used to investigate the

relationship between the values. In addition, p<0.05 was taken as the significance level.
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Results

A total of 122 young adults consisting of 35 obese, 43 overweight and 44 normal
weight individuals according to BMI values were included in the study (Figure 1). The mean
BMI value was 33.08+2.57 in the obese group, 26.70+1.25 in the overweight group and
21.94+1.68 in the normal weight group. The ratios of normal weight, overweight and obese

females were respectively 77.3%, 65.1%, and 91.4%.

Number of students at the Faculty of
Health Sciences (n=1121)

!

Number of students volunteering to participate
in the study (n=891)

v Filling out the Survey Form

v' Taking height-weight measurements

!

Calculation of students' Body Mass Indexes (BMI)
and formation of groups

P BN

Case 1 Group (n=35) Case 2 Group (n=43) \ Confrol Grorl]ltp (nt=4:j4) t

Obese students with Overweight  students %LmaBleveI% 1; g ;2 3

BMI > 30 kg/m? with BMI > 25.0-29.9 wrn 5-24.
kg/m? kg/m

l

In all the three groups:
Fasting blood sugar level
Fasting insulin level

Insulin resistance level
Examination of HbAlc levels

l

The study was completed with 122 students.

Figure 1. Flow chart of the study
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Among the students who participated in the research, the average age of those with
normal weight was 20.43+0.9. The mean age was 20.39+0.97 for the overweight group, and
20.05+1.05 for the obese, and there was no statistically significant difference between the
groups (p=0.176). It was determined that 77.3% of the participants in the normal weight
group were female, 84.1% were middle income, 36.4% lived with their friends, 75% did not
smoke, and 77.3% preferred public transportation. It was determined that 65.1% of the
overweight participants were women, 79.1% were middle income, 30.2% lived with friends,
86.0% did not smoke, and 67.4% preferred public transportation. Of those in the obese group,
91.4% were women, 88.6% were middle income, 31.4% lived with family members, 82.9%
did not smoke, and 57.1% preferred public transportation. It was determined that they
preferred public transportation. While there was no significant difference between the groups
in terms of age, working status, place of residence, smoking/alcohol use, and regular exercise
status, a significant difference was performed with the mode of transportation (p=0.028)

(Table 1).

Table 1. Comparison of demographic characteristics of adolescents according to BMI

BMI
Variables Normal weight Pre-obesity Obesity Test
Mean+=SD Mean+SD Mean+SD KW p
Age (years) 20.43+0.94 20.39+0.97 20.05+1.05 3.479 0.176
Variables n % n % n % 1 p
Gender
Female 34 77.3 28 65.1 32 | 914
7.556 0.023
Male 10 22.7 15 34.9 3 8.6
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Working status

Yes 6 13.6 3 7.0 1 2.9
2.824 0.239
No 38 86.4 40 93.0 34 97.1
Perceived economic level
Income higher than 7 15.9 6 | 140 | 4 | 114
expenses
L HC SISO 841 | 34 | 791 | 31 | 886 | 4220 | 0339
expenses
Income lower than 0 0.0 3 70 0 0.0
expenses
Family type
Nuclear family 33 75.0 32 74.4 28 80.0
Extended family 10 22.7 10 23.3 5 14.3 2.039 0.766
Fragmented family 1 2.3 1 2.3 2 5.7
Place of residence
Dormitory 12 27.3 11 25.6 10 28.6
Private dormitory 8 18.2 9 20.9 7 20.7
Alone at home 0 0.0 0 0.0 1 29 9.643 0.431
At home with family 8 18.2 10 23.3 11 31.4
AL 16 364 | 13 | 302 | 6 | 17.2
relative/friend
Smoking status
Smoking 11 25.0 6 14.0 6 171
829 1.828 0.419
Not smoking 33 75.0 37 86.0 29 '
Alcohol use
Yes 3 6.8 4 9.3 4 11.4
0.623 0.797
No 41 93.2 39 90.7 31 88.6
Regular exercise
Yes 4 9.1 6 14.0 2 5.7
1.417 0.438
No 40 90.9 37 86.0 33 94.3
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Mode of transportation

Usually on foot 10 22.7 10 23.3 15 42.9
Public transport 34 77.3 29 67.4 20 57.1 9.514 0.028
Private car 0 0.0 4 9.3 0 0.0

Notes: BMI — Body Mass Index; KW — Kruskal-Wallis Test; 4> — Chi-square test; * p<0.05.

HOMA-IR value was higher in obese young adults (3.27+2.12) compared to normal
weight (2.214+2.85) and overweight (3.10+3.84) young adults. In normal weight, overweight
and obese students, HOMA-IR >3.16 was 11.4%, 27.9% and 34.3%, respectively (Table 2).
Insulin resistance was higher in the obese group and there was a significant statistical
difference between them (p<0.001). There was no statistically significant difference between
glucose (p=0.355) and insulin (p=0.152) values of normal weight, overweight and obese
students. HbAlc levels were below 5.7 in 72.7% of normal weight young adults; HbAlc
levels were between 5.7 and 6.4 in 55.8% of overweight young adults, and HbA1c levels were
between 5.7 and 6.4 in 65.7% of obese young adults, and there was a significant statistical
difference between them (p=0.001). HbAlc was higher in the obese group (5.74+0.25)
compared to the normal weight (5.47+0.33) and overweight groups (5.69+0.32), and there

was a significant statistical difference between them (p<0.001) (Table 2).

Table 2. HOMA-IR, glucose, insulin and HbAlc values of normal weight, overweight and obese

young adults

BMI
Variables Normal weight (1) | Pre-obesity (2) | Obesity (3) | 1€t P
Mean+=SD Mean+SD Mean+SD
HOMA-IR 2.21+2.85 3.10+3.84 3.2742.12 1;(\;\82 0.000.




Health Problems of Civilization
elSSN: 2354-0265, ISSN: 2353-6942

Glucose (mg/dl) 84.18+8.66 85.81+9.93 87.17+8.86 | F:1.045 0.355
Insulin (m1U/ml) 10.25+10.95 13.87+13.63 14.98+8.78 | F:1.913 0.152
. 0.00071<2
HbAlc (%) 5.4740.33 5.69+0.32 5.74+0.25 | F:8.879 1<3
Variables n % n % n % 1 p
HOMA-IR <3.16 39 88.6 31 72.1 23 | 65.7
6.280 0.042"
HOMA-IR >3.16 5 11.4 12 27.9 12 | 343
HbALC<5.7 32 72.7 19 44.2 12 | 343
13.012 0.001™
HbALC > 5.7-6.4 12 27.3 24 55.8 23 | 65.7

Notes: KW — Kruskal Wallis H Test; F — One Way ANOVA Test; 2 — Chi-squared test; *p<0.05;

**0<0.001

The glucose and insulin levels were significantly higher (p<0.001) in obese

individuals with a HOMA-IR value of >3.16 compared to the obese group with a HOMA-IR

value of <3.16. HbAlc and BMI did not show a statistically significant difference (p=0.558,

0.411 respectively). Also, HbAlc was significantly higher in normal weight individuals with

a HOMA-IR value of >3.16 compared to the normal weight group with a HOMA-IR value of

<3.16 (p=0.038). BMI, glucose and insulin values did not show a statistically significant

difference (p=0.532, 0.463, 0.070 respectively) (Table 3).

Table 3. Comparison of glucose, insulin and HbAlc levels in the normal and obese weight groups

according to HOMA-IR value

Obese arou HOMA-IR (<3.16) HOMA-IR (>3.16) .
group Mean+SD Mean+SD P
Glucose (mg/dI) 85.0448.20 91.25+8.98 2061 | 0.047*
Insulin (MIU/ML) 10.333.09 23.9049.34 4897 | 0.000%*
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HbAlc (%) 5.73+0.26 5.78+0.25 -0.547 0.588
BMI (kg/m?) 32.81+2.50 33.58+2.75 -0.833 0.411
Normal weight Mean+SD Mean+SD t p
Glucose (mg/d) 83.38+6.34 90.40+19.27 -0.809 0.463
Insulin (MIU/ML) 7.37+2.06 32.72+£23.14 -2.448 0.070
HbAlc (%) 5.45+0.34 5.64+0.14 -2.328 0.038*
BMI (kg/m?) 21.88+1.66 22.39+1.94 -0.629 0.532

Notes: t — Independent Sample t test; *p<0.05, **p<0.001.

While a positive correlation was observed between BMI and insulin (r=0.429,

p<0.001), HbAlc (r=0.299, p<0.001) and HOMA-IR (r=0.432, p<0.001), there was no

significant relationship with glucose (r=0.107, p=0.204) (Figure 2, Table 4).

Table 4. Relationship Between BMI, glucose, insulin, HbAlc and HOMA-IR values

Variables BMI Glucose Insulin HbAlc HOMA-IR
r - 0.107 0.429 0.299 0.432
BMI
p - 0.240 0.000™ 0.001™ 0.000™
r - - 0.307 0.131 0.447
Glucose
p - - 0.001 0.151 0.000™
r - - - 0.235 0.983
Insulin
p - - - 0.009™ 0.000™
r - - - - 0.255
HbA1lc
p - - - - 0.005™

Notes: r — Spearman correlation analysis; *p<0.05; ** p<0.001.
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Discussion

In this study, which was carried out to compare insulin resistance in obese and non-
obese students with regard to HbAlc, some sociodemographic characteristics of case and
control groups (mean age, economic level, family type, place of residence etc.) were
determined. There was no statistically significant difference between the groups and both
groups showed a homogeneous distribution in terms of the mentioned characteristics. The fact
that similar results were obtained in both groups is one of the strengths of the study. However,
there was a significant difference between the groups according to gender and mode of
transportation (Table 1).

According to estimates from the World Obesity Federation, 254 million children
between the ages of 5--19 and 206 million in 2025 will be obese [14]. Although there is no
study reflecting the country-wide in our country, the frequency of childhood obesity is
between 1.6% and 7.8% in the studies [14-19]. Among 891 young adults included in the
study, 4.83% of them were overweight and 3.93% of them were obese, which is consistent
with the findings of the studies carried out in our country. One significant risk factor for the
onset of obesity is gender. The likelihood of becoming overweight or obese is twice as high in
females [14,15,18,19]. Comprehending the disparities between genders when it comes to
obesity may significantly influence how the disease is treated, as well as how community and
individual initiatives for the pandemic's prevention and control are planned. In our study
similar to the literature ratios of normal weight, overweight, and obese young females were
higher compared to young males, and there was a statistically significant relationship between
them. This significant difference may be due to the fact that there were more female students
than males in the study. However, new literature is emerging on the importance of

considering gender-related issues such as phases of the menstrual cycle, use of hormonal
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contraception, and the impact of menopause when evaluating a patient with obesity [20-21].
In future studies, it would be useful to investigate potential reasons behind this difference for
the female gender, such as differences in social norms, cultural influences or biological
factors. Another important difference is the relationship between students’ BMI value and
mode of transportation. The number of students using public transportation is observably
higher in the group with normal weight. The use of public transportation vehicles such as
buses and trains actually requires students to be on the move during transportation (transfer
between vehicles, walking distance, etc.). When the literature was examined, studies found
that commuting to school by car was associated with obesity in students [22-24]. Wen et al.
[22], in their study on the relationship between school travel patterns and obesity in children
aged 10-13, reported that there was a positive relationship between driving to school every
day and obesity [22]. Therefore, to prevent overweight/obesity, it may be recommended to
encourage children to walk or cycle instead of traveling by car.

Chronic diseases such as DM, metabolic syndrome and hypertension caused by
obesity and the prevalence of obesity are parallel. The key mechanism in the relationship
between obesity and T2DM is insulin resistance. Insulin resistance causes hyperinsulinism,
and when the beta cells start to secrete insulin at the expected level after a period of
euglycemic state, hyperglycemia and then T2DM develop [1]. The BMI is known to have a
considerable impact on the HOMA-IR score. It should be noted that as obesity becomes more
common, HOMA-IR values might also vary. Obese people had higher HOMA-IR scores than
teenagers who were overweight or of normal weight [25]. Teens who were normal weight,
overweight, or obese had HOMA-IR rates of 11.4%, 27.9%, and 34.3%, respectively.
Between these groups, there was a statistically difference, and HOMA-IR and BMI showed a
positive link. According to a Japanese study, children who were overweight had significantly

higher levels of fasting insulin and HOMA-IR, and there was no association found between
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their BMI, HbAlc, and fasting glucose [26]. The interaction between HOMA-IR and BMI
before adolescence may predict the likelihood of experiencing metabolic syndrome during
puberty [27]. Therefore, reducing insulin resistance in childhood may contribute to the
prevention of metabolic syndrome in adolescence and adulthood. Additionally, it is predicted
that both metabolic syndrome and T2DM in adulthood may result from the presence of
pediatric metabolic syndrome [28]. Additionally, T2DM in adulthood can also be predicted
using the HOMA-IR index for insulin resistance at early ages [27,28]. However, the
variability of HOMA-IR threshold levels used to define insulin resistance greatly hinders the
interpretation of the results [29].

HbAlc is associated with a 6-8-week average glucose level formed by the irreversible
bond established by glucose with hemoglobin. HbAlc between the range of 5.7-6.4 is the
diagnostic criterion of prediabetes risk, and HbAlc > %6.5 is the diagnostic criterion of DM
[13]. In this study, HbAlc was higher in the obese group compared to normal weight and
overweight group. In the study carried out by Onal et al. [25] in the 3-15 age group, it was
found that HbAlc in obese and normal weight children did not show a statistical significance.
Upon reviewing the literature, no study has looked at the connection between HbAlc and
BMI in youths older than 19.

Glucose and insulin levels were significantly higher in obese individuals with a
HOMA-IR value of >3.16 compared to the obese group with a HOMA-IR value of <3.16.
Glucose and insulin levels did not show any statistically significant difference in normal
weight individuals with a HOMA-IR value of >3.16 compared to the normal weight group
with a HOMA-IR value of <3.16. HOMA-IR, HbAlc. Insulin levels increased as the BMI
increased, in other words, there was a positive correlation between them. Studies in
overweight and obese —young people have found a statistically significant weak to moderate

linear correlation between BMI and insulin, glucose, and HOMA-IR [19,30-32]. Research
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suggests that obesity is strongly linked to a higher risk of metabolic disorders such
dyslipidemia, insulin resistance, and T2DM [33]. Insulin resistance is an integral feature of
the metabolic syndrome and is an important determinant of the development of T2DM [34].
The main basis for obesity's link to T2DMis its ability to trigger insulin resistance. An
imbalance between energy expenditure and food intake results in an excessive build-up of
adipose tissue, which is the cause of obesity. In addition to being the primary location for
storing extra energy from food consumption, adipose tissue is now understood to be an
endocrine organ [1]. In order to take precautions against the risk factors of metabolic
syndrome, healthcare professionals should plan personalized interventions in different
dimensions and according to need. Today, it is known that healthcare personnel who receive
special training specific to the subject to be trained are effective in reducing the risks of
diseases and reducing costs [35,36].

HbAlc levels were below 5.7 in 72.7% of normal weight students, between 5.7 and
6.4 in 55.8% of overweight students, and between 5.7 and 6.4 in 65.7% of obese students, and
there was a statistically significant difference among these groups. In our study, there was no
student with a HbAlc level of >6.5. However, as BMI increases, HbAlc also increases,
meaning there was a positive correlation between them. These results indicate that obesity-
associated insulin resistance has a major role in the development of DM. In our research,
there was no statistically significant difference in HOMA-IR between those with HbAlc >
5.7-6.4 and those with HbAlc <5.7. A positive correlation was observed in the research
carried out by Onal et al. [25]. We believe that the HOMA-IR cut-off point of 2.5 is

connected to this outcome.
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Study limitations

There are some limitations of our study that should be noted. Of the 891 students who
participated in the study, 35 were obese, 43 were overweight and 813 were normal weight. In
the normal weight group, 44 students were selected by simple random sampling method. The
number of obese and overweight students in the group was low. HbAlc (cheap, simple and
fasting is not required) can be used as a diagnostic criterion in the early diagnosis of insulin
resistance. In the future, it may be recommended to conduct longitudinal studies with larger
populations examining modifiable risk factors for obesity-related diseases, including
interventions targeting the long-term effects of obesity on insulin resistance, and addressing
its relationship with HbAlc.

Another limitation of the study is that although BMI remains a useful tool in many
studies for assessing general trends in weight status and identifying individuals at high risk for
certain obesity-related health conditions, other bioelectrical analytical measurements (skeletal
muscle, body fat, etc.) are not used. The fact that the study was conducted in a cross-sectional
design and the presence of potential confounding variables that were not taken into account
also limits the study. There is a need for randomized controlled long-term studies on the

subject.

Conclusions

In conclusion, increasing obesity in young people augers for metabolic syndrome in
the future. Insulin resistance is one of the diagnostic criteria of metabolic syndrome. For
T2DM to be diagnosed early, insulin resistance must be identified. This purpose, HbAlc can

be used since it is cheap and simple (fasting is not required) to evaluate insulin resistance in
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obese young people. Therefore, more frequent monitoring of overweight and obese young

people to protect their health will make significant contributions to public health.

Disclosures and acknowledgements

The authors would like to sincerely thank all the study participants for their
participation. The authors declare no conflicts of interest with respect to the research,
authorship, and/or publication of this article. This study was supported by Sakarya University
Department of Scientific Research Projects Unit (Project No: 2017-11-00-007). Artificial

intelligence (Al) was not used in the creation of the manuscript.

References:

1. Wondmkun YT. Obesity, insulin resistance, and type 2 diabetes: associations and
therapeutic implications. Diabetes, Metabolic Syndrome and Obesity. 2020; 13: 3611-
3616. https://doi.org/10.2147/DMS0.S275898

2. Unlii TN, Deniz D. Obesity policies applied in Turkey; Germany application comparison.
Journal of Selcuk Health. 2022; 3(1): 62-78.

3. World Health Organization (WHO). Obesity and overweight [Internet]. Geneva: WHO,;
2021 [access 2024 Apr 5]. Available from: https://www.who.int/news-room/fact-
sheets/detail/obesity-and-
overweight#:~:text=The%20diagnosis%200f%20overweight%20and,help%20the%20diag

nosis%200f%200besity.


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~:text=The%20diagnosis%20of%20overweight%20and,help%20the%20diagnosis%20of%20obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~:text=The%20diagnosis%20of%20overweight%20and,help%20the%20diagnosis%20of%20obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~:text=The%20diagnosis%20of%20overweight%20and,help%20the%20diagnosis%20of%20obesity
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~:text=The%20diagnosis%20of%20overweight%20and,help%20the%20diagnosis%20of%20obesity

10.

Health Problems of Civilization
elSSN: 2354-0265, ISSN: 2353-6942

Tiirkiye Istatistik Kurumu (TUIK). [Women in statistics] [Internet]. Ankara: Tiirkiye
Istatistik ~ Kurumu; 2023  [access 2024  Apr 8].  Available  from:
https://data.tuik.gov.tr/Bulten/Index?p=lstatistiklerle-Kadin-2023-53675 (in Turkish).
Kilig¢ AF, Bayrak M, Cadirc1 K. Body Mass Index and hemoglobin Alc levels in diabetic
adults. Pharmata. 2023; 3(4): 84-86. https://doi.org/10.5152/Pharmata.2023.23015
Ghobrial BB, ElKabarity RH, Hassan AMM. Association of glycosylated hemoglobin
levels with insulin resistance in adolescent among medical students Ain Shams
University. QJM: An International Journal of Medicine. 2023; 116(Suppl. 1): hcad069-
025. https://doi.org/10.1093/qjmed/hcad069.025

Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C. Homeostasis model assessment
is more reliable than the fasting glucose/insulin ratio and quantitative insulin sensitivity
check index for assessing insulin resistance among obese children and adolescents.
Pediatrics. 2005; 115(4): 500-503. https://doi.org/10.1542/peds.2004-1921

Kurtoglu S, Hatipoglu N, Mazicioglu M, Kendirici M, Keskin M, Kondolot M. Insulin
resistance in obese children and adolescents: HOMA-IR cut-off levels in the prepubertal
and pubertal periods. J Clin Res Pediatr Endocrinol. 2010; 2(3): 100-106.
https://doi.org/10.4274/jcrpe.v2i3.100

Lee HS, Park HK, Hwang JS. HbAlc and glucose intolerance in obese children and
adolescents. Diabetic Medicine. 2012; 29(7): 102-105. https://doi.org/10.1111/j.1464-
5491.2012.03596.x

Hardy OT, Czech MP, Corvera S. What causes the insulin resistance underlying obesity?.
Curr Opin Endocrinol Diabetes Obes. 2012; 19(2): 81.

https://doi.org/10.1097/MED.0b013e3283514e13


https://data.tuik.gov.tr/Bulten/Index?p=Istatistiklerle-Kadin-2023-53675
https://doi.org/10.5152/Pharmata.2023.23015
https://doi.org/10.1093/qjmed/hcad069.025
https://doi.org/10.1542/peds.2004-1921
https://doi.org/10.4274/jcrpe.v2i3.100
https://doi.org/10.1111/j.1464-5491.2012.03596.x
https://doi.org/10.1111/j.1464-5491.2012.03596.x
https://doi.org/10.1097/MED.0b013e3283514e13

11.

12.

13.

14.

15.

16.

17.

18.

19.

Health Problems of Civilization
elSSN: 2354-0265, ISSN: 2353-6942

Christopher B, Newgard CB. Molecular and metabolic mechanisms of insulin resistance
and pB-cell failure in type 2 diabetes. Nat Rev Mol Cell Biol. 2008; 9: 193-205.
https://doi.org/10.1038/nrm2327

Sahin NM, Kinik ST, Tekindal MA. OGTT results in obese adolescents with normal
HOMA-IR  values. J Pediatr Endocrinol Metab. 2013; 26: 285-291.
https://doi.org/10.1515/jpem-2012-0206

American Diabetes Association. Standards of medical care in diabetes-2016 abridged for
primary care providers. Clinical Diabetes. 2016; 34: 3-21.
https://doi.org/10.2337/diaclin.34.1.3

Jebeile H, Kelly AS, O'Malley G, Baur LA. Obesity in children and adolescents:
epidemiology, causes, assessment, and management. Lancet Diabetes Endocrinol. 2022;
10(5): 351-365. https://doi.org/10.1016/S2213-8587(22)00047-X

Yilmaz FK, Yarar O. The trends of prevalence of obesity in Turkey from 2008-2016.
Iranian Journal of Diabetes and Obesity. Iranmian Journal of Diabetes and Obesity. 2021;
13(2): 65-74. https://doi.org/10.18502/ijdo.v13i2.6474

Bereket A, Atay Z. Current status of childhood obesity and its associated morbidities in
Turkey. J Clin Res Pediatr Endocrinol. 2012; 4(1): 1-7. https://doi.org/10.4274/jcrpe.506
Batur T, Akbay HI, Cokluk E, Esendemir A. Evaluation of the hemoglobin Alc test in
detecting pediatric prediabetes. Journal of Contemporary Medicine. 2023; 13(1): 1-5.
https://doi.org/10.16899/jcm.1095786

Ameye H, Swinnen, J. Obesity, income and gender: the changing global relationship.
Global Food Security. 2019; 23: 267-281. https://doi.org/10.1016/j.9fs.2019.09.003

Kim S, Song K, Lee M, Suh J, Chae HW, Kim HS, et al. Trends in HOMA-IR values

among South Korean adolescents from 2007-2010 to 2019-2020: a sex-, age-, and weight


https://doi.org/10.1038/nrm2327
https://doi.org/10.1515/jpem-2012-0206
https://doi.org/10.2337/diaclin.34.1.3
https://doi.org/10.1016/S2213-8587(22)00047-X
https://doi.org/10.18502/ijdo.v13i2.6474
https://doi.org/10.4274/jcrpe.506
https://doi.org/10.16899/jcm.1095786
https://doi.org/10.1016/j.gfs.2019.09.003

20.

21.

22.

23.

24,

25.

26.

Health Problems of Civilization
elSSN: 2354-0265, ISSN: 2353-6942

status-specific analysis. International Journal of Obesity. 2023; 47(9): 865-872.
https://doi.org/10.1038/s41366-023-01340-2

Kalra S, Kapoor N, Kota S, Das S. Person-centred obesity care — techniques, thresholds,
tools and targets. Eur Endocrinol. 2020; 16: 11-3.
https://doi.org/10.17925/EE.2020.16.1.11

Kapoor N, Arora S, Kalra S. Gender disparities in people living with obesity — an
unchartered territory. Journal of Mid-Life Health. 2021; 12(2): 103-107.
https://doi.org/10.4103/jmh.jmh_48 21

Wen LM, Merom D, Rissel C, Simpson JM. Weight status, modes of travel to school and
screen time: A cross-sectional survey of children aged 10-13 years in Sydney. Health
Promot. J. Austr. 2010; 21: 57-63. https://doi.org/10.1071/HE10057

Fulton JE, Shisler JL, Yore MM, Caspersen CJ. Active transportation to school: findings
from a national survey. Res. Q. Exerc. Sport. 2005; 76: 352-357.
https://doi.org/10.1080/02701367.2005.10599306

Tudor-Locke C, Ainsworth BE, Popkin BM. Active commuting to school: an overlooked
source of childrens’ physical activity?. Sports Med. 2001; 31: 309-313.
https://doi.org/10.2165/00007256-200131050-00001

Onal ZE, Atasayan V, Giirbiiz T, Hepkaya E, Nuhoglu C. Association of glycosylated
hemoglobin (HbALc) levels with insulin resistance in obese children. Afr Health Sci.
2014; 14: 533-538. https://doi.org/10.4314/ahs.v14i3.6

Fujii C, Sakakibara H. Association between insulin resistance, cardiovascular risk factors
and overweight in Japanese schoolchildren. Obesity Research & Clinical Practice. 2012;

6: 1-8. https://doi.org/10.1016/j.0rcp.2011.04.002


https://doi.org/10.1038/s41366-023-01340-2
https://doi.org/10.17925/EE.2020.16.1.11
https://doi.org/10.4103/jmh.jmh_48_21
https://doi.org/10.1071/HE10057
https://doi.org/10.1080/02701367.2005.10599306
https://doi.org/10.2165/00007256-200131050-00001
https://doi.org/10.4314/ahs.v14i3.6
https://doi.org/10.1016/j.orcp.2011.04.002

217.

28.

29.

30.

31.

32.

33.

Health Problems of Civilization
elSSN: 2354-0265, ISSN: 2353-6942

Kostovski M, Simeonovski V, Mironska K, Tasic V, Gucev Z. Metabolic profiles in obese
children and adolescents with insulin resistance. Open Access Macedonian Journal of
Medical Sciences. 2018; 6(3): 511-518. https://doi.org/10.3889/0amjms.2018.097
Morrison JA, Glueck CJ, Horn PS, Schreiber GB, Wang P. Pre-teen insulin resistance
predicts weight gain, impaired fasting glucose, and type 2 diabetes at age 18-19 y: a 10-y
prospective study of black and white girls. Am J Clin Nutr. 2008; 88(3): 778-88.
https://doi.org/10.1093/ajcn/88.3.778

Gayoso-Diz P, Otero-Gonzalez A, Rodriguez-Alvarez MX, Gude F, Garcia F, De
Francisco A et al. Insulin resistance (HOMA-IR) cut-off values and the metabolic
syndrome in a general adult population: effect of gender and age: EPIRCE cross-sectional
study. BMC Endocr Disord. 2013; 13: 47. https://doi.org/10.1186/1472-6823-13-47

Lee CT, Lin CY, Strong C, Lin YF, Chou YY, Tsai MC. Metabolic correlates of health-
related quality of life among overweight and obese adolescents. BMC Pediatrics. 2018;
18: 1-8. https://doi.org/10.1186/s12887-018-1044-8

Tornquist D, Tornquist L, Reuter CP, Horta JA, Renner JDP, Burgos MS. Effects of an
interdisciplinary intervention on insulin resistance indicators in overweight and obese
adolescents. Journal of Human Growth and Development. 2020; 30(2): 274-282.
https://doi.org/10.7322/jhgd.v30.10379

Ling JCY, Mohamed MNA, Jalaludin MY, Rampal S, Zaharan NL, Mohamed Z.
Determinants of high fasting insulin and insulin resistance among overweight/obese
adolescents. Scientific Reports. 2016; 6(1): 36270. https://doi.org/10.1038/srep36270
Jung UJ, Choi MS. Obesity and its metabolic complications: the role of adipokines and
the relationship between obesity, inflammation, insulin resistance, dyslipidemia and
nonalcoholic fatty liver disease. International Journal of Molecular Sciences. 2014; 15(4):

6184-6223. https://doi.org/10.3390/ijms15046184


https://doi.org/10.3889/oamjms.2018.097
https://doi.org/10.1093/ajcn/88.3.778
https://doi.org/10.1186/1472-6823-13-47
https://doi.org/10.1186/s12887-018-1044-8
https://doi.org/10.7322/jhgd.v30.10379
https://doi.org/10.3390/ijms15046184

34.

35.

36.

Health Problems of Civilization
elSSN: 2354-0265, ISSN: 2353-6942

Lillioja S, Mott DM, Spraul M, Ferraro R, Foley JE, Ravussin E, et al. Insulin resistance
and insulin secretory dysfunction as precursors of non-insulin-dependent diabetes
mellitus. N. Engl. J. Med. 1993; 329: 1988-1992.
https://doi.org/10.1056/NEJM199312303292703

Sundell J. Resistance training is an effective tool against metabolic and frailty syndromes.
Advances in Preventive Medicine. 2011: 984683. https://doi.org/10.4061/2011/984683
Said MA, Abdelmoneim MA, Alibrahim MS, Kotb AAH. Aerobic training, resistance
training, or their combination as a means to fight against excess weight and metabolic
syndrome in obese students — which is the most effective modality?. A randomized
controlled trial. Applied Physiology, Nutrition, and Metabolism. 2021; 46(8): 952-963.

https://doi.org/10.1139/apnm-2020-0972


https://doi.org/10.1056/NEJM199312303292703
https://doi.org/10.4061/2011/984683
https://doi.org/10.1139/apnm-2020-0972

