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Abstract: Obese aldolescent are suffering of adverse health consequences of obesity that include insulin resistance,
glucose intolerance, dyslipidemia, elevated blood pressure which are components of metabolic syndrome. The
inflammotry protein hs CRP and PAI-lare reported to be increased in obese subject and these are reflected on
cardiovascular atherosclerotic changes. High-sensitivity C-reactive protein (hs CRP) and plasminogen activator
inhibitor-1 (PAI-1) are useful predictive markers of cardiovascular events in obese adolescents. The study was
performed to evaluate high sensitivity C-reactive protein and plasminogen activator inhibitor-1 as markers of
cardiovascular risk in obese adolescents. The study was carried out on eighty eight (88) Egyptian adolescents. All of
them were collected from Al Hussein hospital, Al Azhar University, between December 2012 and June 2013. These
were classified into two groups: Group A- Normal non obese adolescents (28) (16 females-12 males). Group B- (60)
obese adolescents (32 females- 28 males). All of the adolescents aged 16-18 years old (17+1). In normal adolescent
group ; (BMI) was less than 25kg/ m2 (22.1£0.7). But In obese adolescents, (BMI) exceed 30 kg/ m2 (32+0.6) with
exclusion of secondary obesity. All subjects were submitted to Clinical assessment for exclusion Congenital or
acquired illness, and secondary obesity. Anthropometric measures :( height, weight, BMI, W/C and waist/hip ratio
were done). Blood pressure in the studied subjects was measured. Family history of diabetes and or hypertension
was considered. Measurements of FBS, PPBS, HbA1C., lipid profile (HDL dl, triglyceride)., fasting serum insulin
levels to assess insulin resistance by HOMA test, high sensitivity c¢ reactive protein (hs CRP) and plasminogen
activator inhibitor 1 levels (PAI-1) were done. Obese groups had significantly higher hs CRP and PAI-1 levels than
non obese group (p<0.01). 40% of 60 obese adolescents showed 3 or more criteria of metabolic syndrome and
considered to be obese with metabolic syndrome according to IDF definition of metabolic syndrome. Hs CRP and
PAI-1 among adolescents were more significant in group 4 (obese adolescents with metabolic syndrome with
glucose intolerance) than group 3 (obese adolescents with metabolic syndrome without glucose intolerance) than
group 2 (obese adolescents without metabolic syndrome or glucose intolerance) (P<0.001). Significant high BMI,
WC, FBS,HbA ¢, F.insulin, HomatestIR,blood pressure, LDL, triglyceride and lower HDL in obese groups than the
non obese group (P<0.001). Hs CRP and PAI-1 showed a significant positive correlation with BMI (p< 0.001), WC
(P<0.001), blood pressure (p<0.001), and TG (p<0.001), FBS (P<0.001), HbA1¢(<0.001), Homatest: Ir(p 0.001).
We conclude that hs CRP and PAI-1 are significantly higher in obese adolescents especially those with metabolic
syndrome and glucose intolerance and these markers can be used as predictive factors for future cardiovascular
events.

[Mohamed Kamal Abdel-Baky, Moussa Antar Hussein, Mohamed Mohamed Hashem and Wael Refaat Hablas. High-
Sensitivity C-reactive protein and Plasminogen Activator Inhibitor 1 as markers of cardiovascular risk in
Egyptian obese adolescents. J Am Sci 2014;10(9):112-119]. (ISSN: 1545-1003). http://www.jofamericanscience.org.
15

Keywords: High-Sensitivity; C-reactive protein; Plasminogen Activator Inhibitor; marker; cardiovascular; Egyptian;
obese adolescent

1. Introduction clinical, or biochemical features of the obese
The prevalence of obesity in adolescence has adolescent (Brown et al., 1999).
more than doubled in the last 15 years in many Adolescents obesity seems to contribute to the
regions of the world (Monzavi et al, 2008). This development of vascular inflammation and the
phenomenon is associated with rapidly increasing progression of arterial wall changes. High sensitivity
cases of type 2 diabetes in childhood. Obesity in C - reactive protein (hs CRP) has recently emerged as
adolescents also seems to harbor a number of risk a useful biomarker for wvascular inflammation
factors for cardiovascular disease (CVD) in adult life, associated with atherosclerosis (Ridker, 2008). Risk
but is not yet clear whether these are determined by factors for cardiovascular disease currently under
glycemia, degree of obesity, or other demographic, investigation, high-sensitivity C-reactive protein (hs

CRP) is the most promising. Many prospective
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epidemiologic studies have demonstrated that (hs
CRP) independently predicts vascular risk (Schlager
etal., 2007).

Obesity is an independent risk factor for the
development of cardiovascular thrombotic disease
(Alessi et al., 2006). The increased incidence of
cardiovascular disease may be associated with
elevated levels of coagulation factors (e.g. factor VII,
fibrinogen) and plasminogen activator inhibitor-1
(PAI-1) in plasma, which have been observed in
obese adolescents (Samad et al., 2008). Plasminogen
activator inhibitor-1 is the primary inhibitor of
plasminogen activation in vivo, and increased PAI-1
in plasma compromises the normal fibrin clearance
mechanisms promoting thrombosis (Rega ef al,
2004) which can be taken the form of coronary artery
disease.

In obese adolescents, increased plasma PAI-1
levels have been correlated with the amount of
visceral fat, suggesting that adipose tissue is the
primary source of PAI-1 in this condition (Alessi et
al., 2006).

The present study was performed to cvaluate
high sensitivity C-reactive protein and plasminogen
activator inhibitor-1 as markers of cardiovascular risk
and determine factors associated with it in obese
adolescents.

2. Material& Methods

This study was carried out on 88 Egyptian
adolescents, their ages ranged from 16-18 years.
Sixty of them are obese (32 were females and 28
were males, the mean age 17 £1 years) and 28 were
non obese (16 were females and 12 were males All of
them are collected from EI- Hussein Hospital, Al-
Azhar University; between December 2012 and June
2013. Obese group was divided into: Group 2: Obese
adolescents with one or two criteria of metabolic
syndrome (Obese adolescents without metabolic
syndrome), Group 3: Obese adolescents with
metabolic syndrome (three or more criteria) without
glucose intolerance and Group 4: Obese adolescents
with metabolic syndrome with impaired glucose
intolerance.

All subjects were submitted to Clinical
assessment for Exclusion Congenital or acquired
illness, and secondary obesity. Assessment of Body
Composition: All Anthropometric measures were
performed twice: Body mass index (BMI) was
calculated as the ratio of weight (kg) to height (m)
squared (kg/m2). if exceeds 30 considered obese, if
between 25-30 considered overweight, if between 20-
25 considered normal weight. Waist circumference
(WC) of (94+) cm in males, or (80+) cm in females
used as cut-off values to identify adolescents with
abdominal obesity if above age of 16 according to
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IDF definition of metabolic syndrome. Waist hip
ratio (WHR) was calculated by dividing waist by hip
circumference, and abdominal obesity was diagnosed
when the WHR was >0.80 in girls and 0.95 in boys.
(Zimmet et al., 2007).

Biochemical and hematological profiles of the
participants including:

Venous blood was sampled for the measurement
of fasting plasma concentrations of glucose , 2 hrs
post prandial blood glucose measured after 2 hours of
75 gm of glucose, [oral glucose tolerance test
(OGTT)] and HbAlc was measured for each case
before centrifugation of sample. And serum
concentrations of HDL-cholesterol, triglycerides
were measured by colorimetric method.

Serum insulin was measured by microparticle
enzyme immunoassay kit to assess insulin resistance
by HOMA IR: fasting Glucose (mg/dl) x fasting
Insulin (uU/mL) / 405. Lower HOMA index values
(<4) indicated higher insulin sensitivity, whereas
higher values (>4) indicated lower insulin sensitivity
(Nagi et al., 1996). High-sensitivity serum CRP was
measured by an automated analyzer (Olympus
AU400) using a turbidimetric immunoassay kit
(CRP-UL- assay, Wako Chemicals, Neuss,
Germany). Plasminogen Activator Inhibitor-1(PAI-1)
measurements were performed using chromogenic
assay (Spectrolyse; American Diagnostic Inc.,
Greenwich, CT).

Metabolic Syndrome was defined according to
IDF definition: Central obesity (defined as waist
circumference > 94cm for Eurpean men and > 80cm
for European women). Plus any two of the following
four factors: (1) Raised triglycerides: > 1.7mmol/L
(=150 mg/dl). (2) Reduced HDL-cholesterol:
<1.03mmol/L (<40 mg/dL) in males and
<1.29mmol/L (<50 mg/dL) in females, or specific
treatment for these lipid abnormalities. (3) Raised
blood pressure: systolic BP >130 or diastolic BP
>85mm Hg, or treatment of previously diagnosed
hypertension and (4) Impaired fasting glycemia
(IFG): fasting plasma glucose (FPG) >5.6 mmol/L
(>100 mg/dL), or previously diagnosed type 2
diabetes (Zimmet et al., 2007).

Statistical analysis:

Statistical analysis of the results was performed
using an X2 test. Data were expressed as Mean + SD.
Differences between groups were tested with tailed-
student's t-test for unpaired data. A value of P <0.01
and a value of r > 0.05 were considered significant.

3. Results

Only 24 (40%) of 60 obese adolescents showed
3 or more criteria of metabolic syndrome and
considered to be obese with metabolic syndrome
according to IDF definition of metabolic syndrome.
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Of the single components of the metabolic syndrome,
dyslipidemia was the most frequent, decreased
serum HDL was reported in 31 of 60 obese
adolescents (51.6%), also increased serum TG was
reported in 31 of 60 obese adolescents (51.6%). The
prevalence of hypertension was 15 of 60 obese
adolescents  (25%). Total impaired glucose
tolerance prevalence rate was 9 of 60 obese
adolescents (15%). No cases of type 2 diabetes were
seen. And total prevalence of insulin resistance was
(75%).

According to this data we divided the
adolescents into four groups: Non obese (28)
adolescents with normal BMI, (GROUP 1), obese
adolescents without metabolic syndrome (36)
(GROUP 2), obese adolescents with metabolic
syndrome without impaired glucose intolerance (15)
(GROUP 3) and obese adolescents with metabolic
syndrome with impaired glucose intolerance (9)
(GROUP 4).

Table (1) showed that all studied parameters
were significantly higher in obese patients than non-
obese except HDL that significantly lower in obese
versus non-obese (p<0.001). Cardiovascular risk
factors (lipid profile, blood pressure, obesity, insulin
resistance, Hs CRP and PAI-1 were significantly
higher in G 4 than G 3 and in G 3 than G 2
(»<0.001) for all (Table 2).

In the present study component of metabolic
syndrome in groups 3 and 4 correlated with obesity,
blood pressure, lipid profile, insulin resistance hs
CRP and PAI-1 (r > 0.5, p<0.001), table (3). Also
both hs-CRP and PAI-1 were correlated with the
same above parameters in all subjects in obese
groups (r<0.05, p<0.001), (Table 4).

4. Discussion

Adolescent obesity has become a worldwide
public health concern (Morrison et al., 2008). Obese
adolescents are at high risk for developing impaired
glucose tolerance and type 2 diabetes mellitus later in
life (Weiss et al, 2005). Adverse health
consequences of adolescent obesity are observed in
many populations. This includes elevated blood
pressure, insulin resistance and dyslipidemia which
are components of metabolic syndrome (Met.S).
Studies show that metabolic syndrome is strongly
associated with increased risk of cardiovascular
diseases in adults (Schubert et al., 2009).

In our study the prevalence of metabolic
Syndrome was (40%) of the studied obese
adolescents (16-18 years). Meshkani ef al., 2013
have reported that prevalence of metabolic syndrome
was (29.2%) among obese children and adolescents
(8-16 years). Also Rodriguez-Moran, (2012) have
reported that the overall prevalence of metabolic
syndrome was (28.4%) of 352 adolescents (11-17
years). In our study the constituent factors for
Metabolic Syndrome were as follows, one factor was
present in 19 adolescents with a prevalence of 31.7%,
two factors in 17 adolescents with a prevalence of
28.3%, while 24 adolescents 40% of the sample of
the study were having three or more criteria of
metabolic syndrome. Our findings are in agreement
with that of Rodriguez-Moran, (2012) who found
the constituent factors for Metabolic Syndrome were
as follows, one factor is 26.3% of obese adolescents,
two factors in 35.6%, while 98 adolescents (27.8%)
of the sample of the study i.e 352 obese adolescents
were having three or more criteria of Metabolic
Syndrome.

Table (1): shows comparison between all parameters of obese and non obese adolescents.

Non-Obese Obese t-test P-value
Age 16.893 +0.7 16.917+2.1 -0.135 0.893
Weight 56.321+5.2 82.233+3.2 -15.699 0.000
Height 159.571+6.5 159.917+9.5 -0.222 0.825
BMI 22.078+0.7 32.164+6.2 -27.192 0.000
W/C 73.643+5.2 99.500+6.2 -20.241 0.000
H/C 87.071+8.2 104.300+5.5 -32.603 0.000
W/H ratio 0.843+0.24 0.951+0.1 -10.255 0.000
SBP 105.35+8.8 125.75+0.5 -11.310 0.000
FBS 72.893+5.8 93.600+8.4 -15.578 0.000
PPBG 88.571+4.5 116.333+9.8 -12.204 0.000
HBAlc 4.429+1.2 5.400+1.2 -14.571 0.000
HDL 50.500+6.1 44.583+2.4 4.971 0.000
TG 77.179+5.4 149.667+9.2 -35.264 0.000
F Insulin 5.214+0.2 20.200+3.2 -24.729 0.000
HOMA IR 0.936+0.1 4.702+0.5 -17.283 0.000
DPB 604.643+5.2 80.500+5.2 -15.669 0.000
Hs CRP 0.827+0.12 2.417+0.1 -9.995 0.000
PAI-1 13.354+2.1 23.977+2.3 -18.593 0.000
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Table (2): shows comparison between all parameters of obese Adolescents with G 2, G 3 and G 4

G2Vs.G3 G2Vs.G4 G 3Vs. G4
MeantS D 169+7.0VS 169+7.0 VS 17.2+09 VS
Age 17.2+9.0 16.6 + 0.86 16.6 + 0.86

0.142(NS) 0.124(NS) 0.157(NS)
80.9+ 6.8 VS 80.9+ 6.8 VS 803£66VS
Weight 80.3 £ 6.6 91.0+7.9 91.0+7.9
0.05* 0.0001%** 0.001%*
161.1£7.1VS 161.1£7.1VS 157.7£5.8 VS
Height 157.7£5.8 159.1+7.2 159.1+7.2
0.125(NS) 0.25(NS) 0.514 (NS)
312+0.7VS 312 £0.7VS 323:0.6 VS
BMI 32.3+0.6 35.9+1.9 359+1.9
0.05 0.0001%** 0.001%*
975+3.6 VS 97.543.6 VS 985432 VS
W/C 98.5+3.2 109.2 +6.7 109.2 +6.7
0.05* 0.0001%** 0.001%*
1032 £ 1.9VS 103219 VS 105.1£1.4 VS
H/C 105.1+ 1.4 107.2£2.9 107.2£2.9
0.05* 0.001%* 0.01*
0.9+0.1VS 0.9+0.1VS 0.9+0.1VS
W/H ratio 0.9 +0.1 1.0 + 0.01 1.0 £ 0.01
0.427 0.0001%** 0.001%*
1208 £3.1VS 1208 £3.1VS 127.0£53 VS
SBP 127.0+5.3 1433 £6.6 1433 £6.6
0.05* 0.001%+* 0.001%*
90.1+28VS 90.1+2.8 VS 942+22VS
FBS 94.2 £2.2 106.6 + 6.2 106.6 + 6.2
0.05* 0.0001%** 0.001%*
111+34VS 111+34VS 116.4£4.0 VS
PPBG 116.4 £4.0 137.4£17.1 137.4£17.1
0.05* 0.0001%** 0.001**
52+02VS 52+02VS 54+0.1VS
HBAIlc 54+0.1 6+0.2 6+0.2
0.05* 0.0001%** 0.001%*
46.8+45VS 46845 VS 43.8+34VS
HDL 43.8 £3.4 36.6£5 36.6£5
0.05* 0.001%* 0.01*
1445+ 6.3 VS 1445+ 6.3 VS 152.6£4.2 VS
TG 152.6 £4.2 165.4 £ 9.4 165.4 £ 9.4
0.05* 0.0001%** 0.001%*
185+1.5VS 185+1.5VS 208=1.6 VS
F Insulin 20.8 + 1.6 25.7 £3.1 25.7 3.1
0.05* 0.0001%** 0.001%*
41£05VS 41+05VS 48+05VS
HOMA IR 4.8£05 6.8+1.2 6.8+12
0.05* 0.0001%** 0.001%*
784+2.8 VS 784 £2.8 VS 81.0+£3.4 VS
DPB 81.0 £ 3.4 87.7+3.6 87.7+3.6
0.05* 0.0001%** 0.001%*
1.8+03 VS 1.8+03 VS 2.8+02
Hs CRP 2.8+02 3.9+0.7 3.9+0.7
0.05* 0.0001%** 0.001%*
21.9£15VS 219+£15VS 25.9+05 VS
PAI-1 25905 28.6 1.1 28.6 + 1.1
0.05* 0.0001%** 0.001%*

*=significant, **=highly significant, ***=very highly significant
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Table (3): Correlations between Metabolic Syndrome (g 3 & G 4) and all other parameters of the study

Correlation coefficient (r) P-value
Weight 0.88 <0.001*
Height 0.245(NS) 0.254(NS)
BMI 0.92 <0.001*
W/C 0.84 <0.001*
H/C 0.75 <0.001*
W/H ratio 0.68 <0.001*
SBP 0.89 <0.001*
FBS 0.92 <0.001*
PPBG 0.89 <0.001*
HBAIlc 0.91 <0.001*
HDL -0.61 <0.001*
TG 0.9 <0.001*
F Insulin 0.91 <0.001*
HOMA IR 0.91 <0.001*
DPB 0.88 <0.001*
Hs CRP 0.97 <0.001*
PAI-1 0.96 <0.001*

Table (4): Correlations between Hs-CRP, PLA-1 and all other parameters of the study

Hs-CRP PAI-1

r P-value r P-value

PAI-1 0.932 <0.001*
BMI 0.889 <0.001* 0.972 <0.001*
wC 0.834 <0.001* 0.923 <0.001*
W/H ratio 0.705 <0.001* 0.775 <0.001*
SBP 0.909 <0.001* 0.906 <0.001*
FBS 0.930 <0.001* 0.955 <0.001*
PPBG 0.925 <0.001* 0.908 <0.001*
HBAIlc 0.921 <0.001* 0.947 <0.001*
HDL -0.705 <0.001* -0.663 <0.001*
TG 0.836 <0.001* 0.945 <0.001*
F Insulin 0.895 <0.001* 0.967 <0.001*
HOMA IR 0.936 <0.001* 0.963 <0.001*
DPB 0.843 <0.001* 0.906 <0.001*

Table (5): Shows study of Hs CRP, PAI-1, F. Insulin and HOMA-IR among the 4 groups

M=SD ANOVA

Hs-CRP PAI-1 F. Insulin | HOMA-IR F p-value

Group I 5.2+0.9 13.5+1.2 0.83+0.07 0.9+0.2 277.3 <0.001*
Group 11 18.5+1.6 21.9+1.6 1.87+0.32 4.1+0.5 517.7 <0.001*
Group III 2.9+1.7 25.9+0.5 3.83+0.23 4.9+£0.5 580.1 <0.001*
Group IV 25.743.1 28.7+1.1 3.9+0.68 6.8+1.2 370.1 <0.001*

Tukey's test
I&IT I&III 1&IV &I &IV &IV
<0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
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Weiss et al., (2005) revealed that the prevalence
of Metabolic Syndrome reaches as high as (50%) in
severely obese youngsters. Each half-unit increase in
BMI stepwise increases the risk of Metabolic
Syndrome in overweight persons. The mechanisms
underlying the development of the metabolic
derangements that occur in Metabolic Syndrome are
not fully understood. The most widely accepted
hypothesis involves a complex interaction between
insulin resistance and obesity that is modified by
social, environmental, and genetic factors.

In our study the prevalence of insulin resistance
was high 75 %( 6.8+1.2) P-value <0.001. This is in
agreement with Weiss et al, (2005) who reported
that Obesity has been associated with increased
plasma levels of insulin and this denotes insulin
resistance that resulting in diminished ability of
insulin to stimulate glucose uptake by the skeletal
muscles and adipose tissue, in addition to reducing
insulin’s  ability to suppress hepatic glucose
Production.

In our study, we found higher concentrations of
Hs CRP in obese adolescents than in non obese
adolescents and higher in concentrations in obese
with metabolic syndrome than obese without
metabolic syndrome and highest concentrations were
in those with metabolic syndrome and impaired
glucose tolerance. Mullenix er al. (2011) found
higher concentrations of this inflammatory protein in
abdominally obese healthy children compared with
their normal-WC counterparts even before the onset
of puberty. Also Oliveira et al, 2008 had shown
high values of hs-CRP among obese children and
adolescents, indicating that in early stages there
already exists a certain level of inflammation.

Published evidence associates Hs CRP with the
development of cardiovascular events considering it
as an important determinant of atherosclerotic
vascular changes even in young obese adolescents
(Van et al., 2007).A number of studies demonstrated
a strong predictive association between elevated hs
CRP levels and future atherothrombotic events
(coronary events, stroke and peripheral arterial
disease) (Nakou et al. 2008).

So, Hs CRP proved to be increased in obese
aldolescent especially with metabolic syndrome and
glucose intolerance; and this inflammatory protein hs
CRP can be wused as predictor marker for
cardiovascular events in obese adolescents.

In our study PAI-1 concentrations was about 2
times higher in obese adolescents than non obese
adolescents and higher in concentrations in obese
with metabolic syndrome than obese without
metabolic syndrome and highest concentrations were
in those with metabolic syndrome and impaired
glucose tolerance. Rega et al. (2008) found PAI-1
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levels to be approximately 50% higher in obese
versus non-obese adolescents. Also Merte et al,
(2011) found that levels of PAI-1 were 4 to 8 times
higher in overweight adolescents compared with
normal weight adolescents.

Increased PAI-1 levels may predispose patients
to the formation of atherosclerotic plaques prone to
rupture with a high lipid-to-vascular smooth muscle
cells ratio as a result of decreased cell migration
(Sobel et al., 2000). Impaired fibrinolysis in obesity
is probably also due to an increased expression of
PAI-1 in adipose tissue (Bastelica ef al, 2009).A
reduced fibrinolytic capacity, caused by elevated
PAI-1 activity, independently predicts cardiovascular
events in young men after myocardial infarction
(Hamste et al 2000).

The parallelism between circulating increased
PAl-1levels and the features of metabolic syndrome
may be the reflection of an active TNF/TGF-beta
(cytokines produced by visceral fat in obese person )
pathway that modulates both insulin resistance and
PAI-1 synthesis.

In our study hypertension is recognized as an
important component of metabolic syndrome where
25% of obese adolescents have had high systolic
blood pressure and 18.3%have had high diastolic
blood pressure with a total of 25% of obese
adolescents are hypertensive according to the IDF
definition of metabolic syndrome. This comes in
agreement with Cruz ef al. (2008) who have found
that (21%) 321 obese adolescents have high Pressure
>130/85 mm/Hg, and also with that of Cruz et
al.(2008) who have found that prevalence of
hypertension was (24.1%) of 1080 obese Italian
adolescents.

In our research impaired glucose tolerance or
high fasting blood glucose was reported only among
(15%) of the studied obese adolescents, although
insulin resistance was observed in (75%) of them.
This comes also in agreement with Cruz ef al.(2008)
whohave found that (2%) only of 321 obese
adolescents have impaired glucose tolerance Fasting
blood glucose >100 mg/dl, without any case of type2
DM, although insulin resistance was observed in (
65%) of the same sample of adolescents.

This can be explained that impaired glucose
tolerance and hyperinsulinemia precede type 2
diabetes in case of metabolic syndrome. Cruz et al.,
2004 reported that hyperinsulinemia can precede the
development of type 2 diabetes mellitus by more than
10 years. Abbasi et al.(2002) reported that many of
macro vascular changes associated with diabetes
mellitus and cardiovascular complications begin
before diagnosis of diabetes.

In our study we found that decrease HDL
<40mg/dl in males and <50 mg/dl in females in obese
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adolescents above age of 16 years was (51.6%) of 60
obese adolescents and hypertriglyceridemia was
present also in (51.6 %). This can be compared with
that of Nicola ef al., 2013 who found that (43.6%) of
1080 obese adolescents have decrease HDL and
increase triglycerides (TG). Also in agreement with
Rodriguez-Moran, (2012) who reported that
(65.3%) of 352 obese adolescents have decrease HDL
and (33.5%) have hypertriglyceridemia. Also Maria
et al., 2013 who reported that HDL was decreased in
(60%) of 110 obese adolescents and (85%) have had
increase TG. Besides acting as the central regulator
of glucose, insulin also plays an important role on
lipid homeostasis. It has long been known that there
is a highly significant correlation among insulin
resistance, compensatory hyperinsulinemia, and
hypertriglyceridemia (Reaven, 2006).

We conclude that Hs CRP (inflammatory
protein) and PAI-1 are significantly higher in obese
adolescents  especially those with metabolic
syndrome and glucose intolerance and these markers
can be used as predictive risk factor for future
cardiovascular events. So adolescent obesity seems to
contribute to development of vascular inflammation
and progression of arterial wall changes (vascular
inflammation, atherosclerosis and thrombotic
tendency) and cardiovascular events later in life.
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