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ABSTRACT

Obesity in adolescents and children has raised to significant levels globally with

serious public health consequences. In addition to cardiovascular diseases,

Keywords childhood obesity predisposes to insulin resistance, type 2 diabetes, hypertension,
Cardiovascular, hyperlipidemia, liver diseases, renal diseases, and reproductive dysfunction. This
DMI, . . . . . .

SHBG, condition also increases the risk of adult-onset obesity and cardiovascular disease.
Obesity, The aim of this study is to assess some cardiovascular risk factor among Egyptian
Diabetes. obese male adolescent subjects and to determine its relation with sex hormone
Correspondence binding globulin (SHBG). The participants of this study will be an Egyptian male
M. A. Hafez adolescent volunteers aged between (12-19) years old and will be were classified
E-mail according to their Body Mass index (BMI) as control group: apparently healthy non

maiatef@rocketmail.com obese, age matched, their BMI is more than 5th percentile to less than the 85th
percentile and Group 2: Obese group, their BMI more than 95 percentile. Our
result showed that there is negative correlation between Sex Hormone Binding
Globulin (SHBG) and Body Mass Index (BMI) which consider a biomarker for

metabolic syndrome.

1. Introduction

Obesity is the most public dietary problem
today, and it is one of the most serious public health
issues in developing countries M The prevalence and
severity of childhood obesity are rising ™. childhood
obesity is a multi-factorial condition caused by a
combination of genetics and environment. However, a
variety of factors appear to play a role in overweight
and other obesity-related chronic diseases. Obesity is
primarily caused by insufficient insufficient dietary
consumption. Simplistically, obesity caused by an
caloric

imbalance of consumption and energy

childhood and

[2]

expenditure. Therefore obesity in
adolescents depeneds on multiple factors

Childhood obesity is the result of a complex
interaction between a number of environmental,
genetic, and social factors, including those in the family,
community and school B In addition to that, with one
in five children and adolescents being overweight or
obese, the pediatric obesity epidemic has affected a
startling 124 million people.

The body mass index (BMI) of children and adolescents
has been steadily rising over the past 40 years, according to a
global trend in juvenile obesity. As a result, this issue has recently
started affecting the entire planet M Puberty marks the
beginning of the developmental stage known as adolescence,

which lasts until maturity.
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The World Health Organization (WHO) has a
clear definition of adolescence as the time between 10

and 19 vyears old 5]

Age and sex-specific BMI
percentages, as defined in growth charts recognized by
the Centers for Disease Control and Prevention using
historical data from national studies, are typically used
to d etermine the status of adolescent overweight and

I Comorbidities associated with childhood

obesity
obesity include but are not limited to those affecting
the respiratory, gastrointestinal, musculoskeletal,
endocrine, and cardiovascular systems. Many of the
comorbidities associated with obesity in young people,
including type 2 diabetes (T2D), dyslipidemia,
obstructive sleep apnea (OSA), and steatohepatitis,
were formerly thought of as "adult" disorders. The
seriousness of these comorbidities usually rises with
the seriousness of obesity. The danger in this case lies
in the association of obesity with affecting many vital
function and systems in the body sl

Obesity in children is a risk indicator for many
whose

diseases in the future. Children obesity

continues into adulthood have a considerably
amplified risk of T2D, hypertension, dyslipidemia, and
carotid-artery atherosclerosis than do adults who were
never suffering with obesity 7 Although this may be
partially mediated by the association between
childhood obesity and adult obesity, higher BMI for the
duration of childhood has also been linked with an
increased risk of deadly and nonlethal cardiovascular
events for the duration of adulthood in both men and
women .. In addition to high blood pressure, low levels of
high denisty lipoprotein (HDL) cholesterol, and increased
triglycerides, children with obesity are also more likely to
have other cardiometabolic risk factors *'.

Insulin resistance and type 2 diabetes mellitus
(T2D) like cardiovascular disease, are obesity-related
disorders that were formerly assumed to occur in
adulthood but are increasingly becoming more common
in younger populations. Other than in children and adults,
obesity is also substantially linked to reduced levels of
adiponectins in teenagers[s], adiponectins are bioactive
mediators that facilate the communication between adipose

“l Lower levels of

tissues and other biological systems
adiponectin are linked to higher levels of insulin resistance in
obese adolescents, implying that the majority of youth with

. . . . 8]
insulin resistance are overweight or obese ®

In addition to obesity and insulin resistance, low
adiponectin levels in young people may also be
associated with hypertension and dyslipidemia, which
may help to anticipate the clustering of these metabolic
syndrome symptoms. Therefore there is a strong relation
insulin resistance and its

between obesity and

complications'® .

Type 2 diabetes caused by obesity and CVD have
both been linked to pro-inflammatory adipokines like
leptin I positional cloning established leptin as a critical
molecule in the regulation of human weight and energy
balance. Leptin gene is an adipocyte-derived hormone
that has long been recognised as a critical regulator of a
wide range of biological processes such as energy
balance, neuroendocrine function, angiogenesis, bone
formation, and reproduction. A growing body of evidence
suggests that leptin functions as a pro-inflammatory
cytokine during immunological responses. Although pro-
inflammatory substances are important mediators of host
defensive mechanisms, they have been linked to the
development of autoimmune disorders™” .

A biomarker for metabolic syndrome and a
predictor of the risk T2D and CVD is low serum SHBG
concentrations in overweight persons. SHBG is the major
sex hormone carrier protein in serum, it's primary
function is to transport sex steroid hormones to target
tissues and moderates the level of free sex hormones

that can enter target cells 1]

which is expressed under
the direction of hormones and dietary factors. BMI has
been shown to have a considerable influence on
circulating SHBG concentrations, and a sustained
negative relationship between BMI and SHBG plasma
levels has been identified. Low SHBG levels are thought
to be valid biomarkers for a number of potentially

significant problems [22]

2. Material and methods
2.1. Sample collection

A total of 40 adolescents, 10 healthy non obese
their BMI is more than 5th percentile to less than the
85th percentile as a control group and 30 total
patients group their BMI more than 95 percentile
divided into two sub groups, 15 over-weight group
their BMI 25-29.9 kg/m2 and 15 obese group their
BMI > 30 kg/mz, age ranged from 12 to 19 years, were
enrolled in this study.
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Obese adolescents were visitors of National
Institute of Diabetes and Endocrinology, Cairo, Egypt.
Adolescents with acute or chronic liver and kidney
diseases, acute or chronic inflammatory conditions,
diabetes mellitus or endocrine diseases that may induce
obesity or insulin resistance such as hypothyroidism,
hypercotisolism or have drug history that is known to
induce obesity, insulin resistance or effect on the level of
SHBG were excluded. The study was approved by the
Ethics Committee of the National Organization for
Teaching Hospitals and Institutes, Cairo, Egypt; the
approval is registered under No. | D E 00248.

All Subjects under study were subjected to full
history to confirm the diagnosis of simple obesity and
to exclude subjects with the exclusion criteria and
anthropometric measurements including body weight,
height, waist circumference, hip circumference followed
by calculation of BMI = kg/m2 where kg is a person's
weight in kilograms and m2 is their height in meters
squared as well as waist/ hip ratio, Clinical examination
and routine examinations including: complete blood
picture, liver and kidney function test (to meet exclusion
criteria), lipid profile (total cholesterol, triglycerides,
high-density lipoprotein (HDL), low density lipoprotein
(LDL), hemoglobin Alc (HbA1C), fasting plasma glucose
and fasting plasma insulin was determined.

Assessment of the Insulin Resistance Index (IR)
using the homeostatic assessment model (HOMA-IR) as
follows: HOMA-IR- = fasting insulin (u/ml) x fasting
glucose (mg/dL)/405. Inflammatory markers such as
HsCRP were identified. Testosterone, adipokines (leptin
and resistin) and sex hormone-binding globulin (SHBG).
2.2 Preparation of samples and biochemical analysis:

Blood samples were drawn by venipuncture in the
morning after an overnight fast. For each subject two
peripheral blood samples of 2 ml of venous blood were
collected on vacutainers tubes containing EDTA, two
peripheral blood samples of 4 ml of venous blood were
collected on vacutainers tubes with no additive (plain red), one
peripheral blood samples of 2 ml of venous blood were
collected on vacutainers tubes containing sodium fluoride
(glycolysis inhibitor) were collected and serum was separated
by centrifugation at 1000-1500 x g for 10 minutes. Complete
blood picture (CBC) was determined according to the method
described by Sache and Henkel (1996) (131,

C - reactive protein in serum was detected by the
principle of agglutination the test specimen (serum) is
mixed with Vitro CRP latex reagent and allowed to
react, according to Andersen H.C. 41 described by using
commercial kits (VITRO SCIENT). Determination of
aspartate aminotransferase  (AST) and alanine
transaminase (ALT) were carried out according to the
method of Murray using AST and ALT kits from
(SPINREACT), parameters of liver function were
expressed by U/L.

Creatinine in serum was determined by Kinetic
colorimetric method (fixed rate) Jaffe
described by Jaffe [15] using available commercial kit
(VITRO SCIENT.) and Urea/BUN in serum was

determined by enzymatic colorimetric method (urease)

reaction

modified Berthelot reaction described by Fawcett &
Scott ¢!
SCIENT.). Parameters of kidney function were expressed
by mg/dl.

Serum total cholesterol (TC) and Triglycerides (TG) levels

using available commercial kits (VITRO

were determined calorimetrically according to the method of
by Naito " and Kaplan " respectively, using using a
commercial assay kit (SPINREACT). Then high density
lipoprotein cholesterol (HDL-c) levels were determined by

precipitation method described by Lopes-Virella 1)

using
available commerecial kit (SPECTRUM). Low density lipoprotein
cholesterol (LDL- c) concentration was Calculated using formula
LDLc= TC — (HDL- ¢ 1/5%TG).

Parameters of lipid profile were expressed as mg/dl. HbAlc was

by Friedewald 0l equation :

determined by ion exchange resin method described by
Nathan “ using available commercial kit (VITRO SCIENT.).
Serum fasting blood glucose was determined by enzymatic,
colorimetric method (GOD/PAP) with glucose oxidase, and 4-
aminoantipyrine, described by Trinder 2 using available
commercial kits (VITRO SCIENT.), expressed by mg/dl. Insulin
was determined by an enzyme-linked immunosorbent assay
(ELISA) technique using commercial kit, purchased from Bio
Source International, Inc. Europe S.A (Flier et al., 1979).

The function of insulin resistance (HOMAIR) was evaluated
by the homeostasis model assessment (HOMA) according to
equation by Matthews . HOMA-IR = fasting insulin (WU/mL)x
fasting glucose (mmol/L)/22.5. Serum total testosterone was
determined by the electrochemiluminescence immunoassay
(ECLIA) using Elecsys and cobase analyzers (Roche diagnostics
GmbH, Germany).
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2.3 RNA isolation and quantitative real time-PCR
analysis (QRT-PCR) analysis:

RNA was extracted by TRl Reagent from whole
blood samples collected in EDTA tube described by
Mackey and Chomczynski with available commercial
kits Direct- zol RNA purification product from Zymo
Research. Catalog NO. R2050-1.The extracted RNA was
used immediately or stored frozen at < - 702 C. The
extracted RNA was reverse transcribed into cDNA using
the available commercial kit SensiFAST cDNA Synthesis
Kit (Bioline reagents Ltd.). Diluted c DNA was stored at
4 °C for 1 week or -20°C for long term storage.To
monitor gene expression of leptin, resistin and SHBG,
we used quantitative real time-PCR analysis (RT-PCR).

Expression levels of leptin, resistin and SHBG
were quantified by q RT-PCR using 5 x HOT FIREPol®
Eva Green g PCR Mix Plus (ROX) (Solis BioDyne). A
mixtureof 4 ul of 5 x HOT FIREPol® EvaGreen q PCR
Mix Plus, 0.5 ul primer forward, 0.5 pl primer reverse
and 2 pl template ¢ DNA was used, the 20 ul was
completed by H,0 PCR grade.

The following primers sequences were used
Leptin Forward: 5-GTG CGG ATT CTT GTG GCT TT-3’
and reverse: 5-GGA ATG AAG TCC AAA CCG GTG -
3'?% Resistin forward: 5'-GTC TCC TCC TCC TCC CTG
TC-3" and reverse: 5-CGA CCT CCT GGA TCC TCT-3’
[25] and SHBG forward: 5-GCC CAG GAC AAG AGC
CTA TC-3" and reverse: 5'-CCT TAG GGT TGG TAT CCC
CAT AA -3" 1 PCR was carried out for 41 cycles: initial
activation at 952C for 15 minutes for one cycle then
denaturationat 952C for 15 seconds, annealing at 582C
for 20 seconds, and elongation at 722C for 20 seconds.
Results were normalized against expression of
Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH)
reference gene.

3.  Statistical analysis:

Clinical data are expressed as means =
standard deviation (SD). Differences between
groups were compared with use of the unpaired
Student’s t-test. All reported P values are from two-
tailed tests, and P values of less than 0.05 were

considered to indicate statistical significance.

4. Results

Data in Table 1 showed that the difference in
the mean of Age between control and studied
groups was not statistically significant.

However, it showed that the studied groups
showed significantly higher BMI values compared
to the control group. There was no significant
difference in the RBCs, Hb, platelets count and
CRP between the compared groups. However
significant elevation in white blood count was also
detected in obese group only as compared to
control value (Table 2).

Table 3 showed Significant elevations in
serum TC, TG and LDL-c levels along with
significant reduction in HDL-c levels were also
detected in total patients group and obese group
as compared to control values. However there no
statistical significant in TG and HDL-c between
obese group and control. Furthermore, Table 4
showed that there was no statistical significant in
serum creatinine, blood urea nitrogen (BUN) and
urea between the compared groups.

Otherwise there was significant elevation in
GPT, GOT and total bilirubin in the tested group as
compared to control one. There no statistical
significant in GPT and GOT between over-weight
group and control one. Although there was
significant elevation was detected in GOT, GPT
and total bilirubin in obese group as compared to
control  group. However it showed highly
statistical significant in Total bilirubin level and
GOT in obese group as compared to over-weight
group and control group (Table 5).

Data in Table 6 showed that there was
significant decrease in fasting blood glucose (FBG)
level in studied groups as compared to control
one. Otherwise significant elevation was detected
in HbAlc, fasting insulin and HOMA-IR in studied
groups as compared to control group.

Data in Table 7 clarify that there was significant
decrease in total testosterone hormone in studied
groups as compared to control one. The data of leptin,
resitin and SHBG express CT value which clarify a
significant decrease in leptin which indicate higher
gene expression in total patients group only as
compared to control values. However there was significant
decrease in resitin which indicate higher gene expression in
studied group as compared to control one. Otherwise
significant elevation was detected in SHBG which indicate
lower gene expression in total patients group compared to
control one.
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Table 1. The age and Body Mass Index (BMI) for studied subjects.

Control group

Total Patients

Parameters Over-weight Obese
14.00 + 2.48
A 15.25 +2.27
ge (years) >-25 13.83+1.95 14.20 + 2.99
, 29.72 + 4.49*
+
BMI (Kg/m?) 17.85£0.90 26.25 + 1.67* 33.90+ 3.02*+

- Data are presented as Mean * SD.

* Significant difference compared to the control group, p< 0.05.
T Significant difference compared to the over-weight group.

Table 2. Complete blood picture and C - reactive protein (CRP) for control and studied subjects.

Control group

Total Patient

Parameters Over-weight Obese
Red cell count 5.14+0.76
(RBCs) 4.66+0.21 *
1.
(x1076/cmm) 4,71 +0.55 5.66 + 0.63
Hemoglobin 13.64+2.21
Hb .85+0.
(Hb) 12.85£0.35 12.61+2.12 14.88 + 1.60
(g/dl)
Platelets count 332.09 £ 70.00
+
(x1073/cmm) 252.00 £56.24 337.83 +43.67 325.02 £91.54
White cell count 6.14 £+ 1.69
(WBCs) 4.80 % 0.45 %
(1073/cmm) 5.25+1.12 7.20+1.65
C-Reactive protein 4.28+0.94
CRP 40 0.
( ) 3.40£045 4.20+0.96 4.40+0.90
(mg/I)

- Data are presented as Mean + SD.

* Significant difference compared to the control group, p< 0.05.
T Significant difference compared to the over-weight group.

Table 3. Lipid profile in control and studied subjects.

Total Patients

Parameters Control group Over-weight Obese
Total Cholesterol 181.38 +35.73*
+
(TC) (mg/dl) 126.42£10.72 164.2 +20.9* 202 + 38.8*
Triglycerides (TG) 122.71 £53.03*
+
(mg/dI) 77.00£3.40 94.8 +30 156 + 55*
High density 38.44 + 14.56*
lipoprotein
5712,
cholesterol (HDL-c) >6.57 30 42.40+18.18 33.70+£5.36 *
(mg/dI)
Low density 118.40 + 28.96*
lipoprotein
54 .45 +9.54
cholesterol (LDL-c) 102.85 +17.62* 137.06 + 28.88*
(mg/dI)

- Data are presented as Mean + SD.

* Significant difference compared to the control group, p< 0.05.
T Significant difference compared to the over-weight group.
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Table 4. kidney profile in healthy control and studied subjects.

Total Patients

Parameters Control group Over-weight Obese
S. Creatinine 0.75+0.18

+
(mg/dl) 0.73£0.16 0.80+0.14 0.68 +0.20
BUN 19.16 + 7.00

+

(mg/dI) 22.42£5.68 22.06 + 7.80 15.55 + 3.28
Urea 40.25+13.96
(me/di) 47.09£10.67 46.32 +14.96 32.65+6.17

- Data are presented as Mean + SD.
* Significant difference compared to the control group, p< 0.05.
T Significant difference compared to the over-weight group.

Table 5. Liver profile in control and studied subjects

Total Patients

Parameters Control group Over-weight Obese
.79 £ 25.99*
((LEJF/,I) 10.57£1.59 20.86 9.435 e 923.70 +28.14*
.10 £9.20*
((LiJ(/);.r) 18.90 £3.67 23.61 % 3.5230 0 2037.90 +7.77%%
.Bili i .40+ 1.00*
T(?::/‘:::;" 1.053£0.12 0.55+0.22* ORI 2.53 £0.20*7
D(?r:lgl;:?)m 0.28+0.06 0.22+0.03 PaLEnm 0.21+0.03
.00+67.
(37:) 269.00+12.35 220.80 + 59.220 o 223.00 £80.00

- Data are presented as Mean + SD.
* Significant difference compared to the control group, p< 0.05.
t Significant difference compared to the Sub 1 group.

Table 6. Fasting glucose, glycated hemoglobin, insulin and homeostasis model assessmentof insulin

resistance (HOMA- IR) in control and studied subjects.

Total Patients

Parameters Control Over-weight Obese
87.86 + 6.36*
Fasting blood glucose
95.22 £ 3.29
(FBG) 87.91+4.81* 87.80 £ 7.83
(mg/dl)
Glycated hemoglobin 5.59 +0.20*
HBA1C 22 +0.
(o ) >:22+0.14 5.58 £0.21* 5.60 £ 0.20*
(%)
Insulin Fasting 14.39 +5.21*
+
(nIU/ml) 4.50£0.90 14.16 £ 5.92* 14.66 + 4.18*
3.02+1.24*
+
HOMA IR 0.99+0.21 3.08+1.36* 2.94+1.03*

- Data are presented as Mean * SD.
* Significant difference compared to the control group, p< 0.05.
T Significant difference compared to the Over- weight group.
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Table 7. Total testosterone, resistin, leptin, SHBG and GAPDH in control and studied subjects.

Total Patients

Parameters Control Obese Over-weight
1.22 +1.61*
+
T .Testosterone 3.11+0.68 0.31 +0.20* 0.80 + 0.81*
30.15 +3.03*
. . +
Resistin 35.3140.68 30.68 + 2.79* 29.35 +3.19*
27.01+2.05*
: +
Leptin 29.04£0.22 27.74+1.61 26.13+2.17
“HBG . 34.2 +2.8*
D EY 33.74 + 2.6* 35.88+3.0

- Data are presented as Mean + SD.

* Significant difference compared to the control group, p< 0.05.

t Significant difference compared to the over-weight group.

5. Discussion

Obesity in childhood and adolescence is
observably a risk factor for first CVD morbidity and
mortality, according to evidence from multiple
reputable longitudinal researches V11281 The results of
our study showed that serum TC, TG and HDL-C levels
were highly significant in total patients and obese
groups than non-obese adolescents. These results are
in accordance with another study observed the 30-year
CVD event risk among adolescents with severe obesity
treated with and without metabolic and bariatric
surgery (MBS), related to adolescences with moderate
obesity, overweight, or normal weight 71 Also in our
study we found that non obese adolescents had
significantly higher mean values of free testosterone
level than obese adolescent males.

Obesity is an insulin-resistant state with an
interfering with insulin signal transduction and neurons
28] increases insulin levels, which are assumed to be
the reason for decreased SHBG levels and
subsequently decreased testosterone levels.
Accordingly obesity has an inverse correlation with
SHBG.

There was also a significant inverse correlation between
testosterone level and BMI in obese adolescent males. These
results of our study are similar to that done by Mogri et al. .\
cross-sectional observational study conducted on 25 obese
people in New York found that the testosterone levels in obese

men were on average 50% lower than those in lean men.

SHBG has been established to affect glycemic
control and to expect both T2D and metabolic syndrome
B9 our findings are agreement with the studies that
demonstrated a negative correlation between SHBG and
BMI ? Taneli et al " and *”' also found lower SHBG
concentrations in obese boys. Since around half of the
total testosterone is bound to SHBG, it is to be expected
that lower SHBG concentrations can, at least partially,
account for the lower TT concentrations in obese Boys.
Taneli also found lower free testosterone concentrations
in the obese boys at Tanner stage 2 but not at Tanner
stage4[3”.

Results of our study showed that serum leptin
expression level significaly increased in total patients
group compared with control group which is agreement
with Dencker et al.”” Who stated that the amount of
adipose storage increases along with leptin expression
and blood levels. Leptin levels and fat mass have a curved
rather than linear connection, suggesting that leptin
secretion rises as fat mass rises. But not agreement with
. ®* and Ostlund et al. **
leptin is strongly correlated with BMI in healthy and
diabetic children.

Christos et al. " The increase in leptin

Sinha et a showed that serum

concentrations prior to and at the onset of puberty, as
well as the subsequent drop to baseline in the time
following puberty, were reported to occur in healthy
boys despite continuously rising BMI.
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As a result, leptin concentration does not
increase as BMI rises or as adipose tissue storage grow.
Ahmed et al.”® Reported that when diabetic female
patients were grouped according to pubertal status,
there was an advanced increase in both BMI and serum
leptin levels with development of puberty, conversely,
despite the fact those male patients' BMI values
increased during adolescence and early adulthood,
leptin levels did not increase between pubertal and
post pubertal phases.

The most acceptable clarification for this
disparity is that men's increased BMI is mostly
associated with increased muscle mass, whereas girls'
increasing BMI during and after puberty is mainly
associated with increased adipose tissues. In addition
to this sex-specific differential in body composition,
rising androgen levels have direct consequences that
may themselves impede peripheral leptin secretion.
Accordingly serum leptin concentrations in boys
associated with stage of puberty regardless of
continually increasing of BMI 371,

Our recent study showed significaly increased in resitin
expression in studied groups as compared to the control one in contrast
to studies that indicate the relationship between other adipocytokines
such as adiponectin and leptin, resistin levels of children and adolescents
with pubertal stage and age ) According to pubertal stage, resistin
levels increased in lean males. A stepwise forward multiple regression
model that takes into account variables including age, Tanner stage,
estradiol, testosterone, waist and hip dircumference, BMI, weight, and
height also supports the idea that resistin levels increase throughout
pubertal maturation. The only significant independent predictor for
resistin was Tanner stage [38]. But our results were confirmed by others
which revealed a significant elevation level of resistin in the studied
groupsascomparedtooontroIng].

There was a correlation between HOMAAR and insulin with
anthropometric variables and triglycerides levels. Similar data were also
found by other studies with children and adolescents 40 \which

Liver disorders throughout the clinical range of
nonalcoholic fatty liver disease (NAFLD) are linked to the
rising frequency of obesity, metabolic syndrome, and

insulin resistance worldwide "

. Our study showed an
increase of liver enzymes GPT and GOT in obese and
overweight groups compared with non-obese groups with
agreement with the study demonstrate that increased
levels of hepatic enzymes are the hallmarks of the whole
spectrum of NAFLD. They are common in obesity, and
their prevalence increases progressively with increasing
BMI 2,

Glycated hemoglobin (HbAlc) is a regularly used
marker for long-term glycemic control. HbAlc predicts the
likelihood of an increase in diabetic complications in
diabetic patients, in line with its role as a measure of
mean blood glucose levels. It may be suggested as a
diagnostic principle that identifies more cases of diabetes
and pre-diabetes than fasting glucose or oral glucose
tolerance tests. HbAlc is a good biomarker for diabetic
complications and prediction of diabetic “*'.

In this study on statistical analysis a positive
correlation found between BMI and HbAlc, which is
significant. Sisodia were found similar to our study that is,
a significant positive correlation between BMI and HbAlc
1431 Walid Gaafar [44] and Babikr 1“4 also found a positive
correlation between BMI and HbAlc. In many situations,
lifestyle changes such as stress reduction, increased
physical activity, and dietary changes are sufficient to
improve insulin sensitivity and helpprevent or treat T2D
without the use of exogenous insulin.lt can be suggested
from this study that weight control as a child,
adolescent, or young adult by balanced diet rich in
vitamins and minerals, whole grains, milk and dairy
products, fruits and vegetables which not onlyprotects
growth but also manages childhood obesity mayreduce
the risk of cardio metabolic disease later in life.,

according to these findings 16,

described a relevant positive assodiation between BMI and insulin, Besides we concluded that childhood obesity can be

HOMA-IR and BMI, HOMA-R and triglycerides, confirming the findings
of our study and showing that insulin resistance is associated with
changesin riskformetabolicdisordersatmaturity“”. be considered as a biomarker for metabolic syndrome.

considered as a risk factor for selected adult CVD. In addition
to low serum SHBG concentrations in obese individuals can
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