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INTRODUCTION

Background: Chronic kidney disease is associated with markedly increased
risk for cardiovascular events and mortality. Previous studies stated the
possibility that resistin may relate to different cardiovascular dysfunction in
different conditions.

Aim: to investigate the relationship between serum resistin levels and
cardiovascular risk factors in chronic renal failure (CRF) rat model.

Material and methods:40 healthy male albino rats weighing 150-200 gm
were used and divided into two groups: control group (15 rats) and CRF-
induced group (25 rats) where CRF was induced by injection of folic acid
subcutaneously (300 mg in 5 ml/kg once a week) for 3 weeks.

Results:in CRF-induced group were significantly higherserum levels of
resistin, urea, creatinine, glucose, insulin, total cholesterol and CRP,
proteinurea, with significant elevation of mean arterial blood pressure,
calculated HOMA-IR and atherogenic index than that of the control
group.Serumresistin levels positively correlated with the previous parameters
in the CRF-induced group. However, serum levels of HDL-cholesterol were
significantly lower and negatively correlated with serum resistin levels in the
CRF-induced group. In addition, in ECG, significant prolonged PR and QT
intervals, lower amplitude of R-wave and higher amplitude of T-wave were
detected but without correlation with serum levels of resistin in CRF
group.There was significant positive correlation between atherogenic index
and other parameters; serum levels of glucose, insulin, CRP, calculated
HOMA-IR and mean arterial blood pressure.

Conclusion:Resistin can be considered as uremic toxin of chronic renal
failure, triggering mortality through aggravation of cardiovascular risk
factors in CRF.

Copy Right, 1JAR, 2015,. All rights reserved

Resistin is a novel adipokine linked to insulin resistance and obesity in rodents (Hu et al., 2007). Resistin was
found to be secreted by adipocytes and was named for the insulin resistance it induced in animal studies (Steppan et
al., 2001; Zhang et al., 2011). In human, resistin is essentially expressed in macrophages from white adipose tissue,
rather than in human adipocytes (Cohen and Horl, 2009; Teta, 2012).

In the United States, there is a rising incidence and prevalence of kidney failure, with poor outcomes with the
highest incidence rate of end stage renal disease occuring in patients older than 65 years (Arora and Batuman,

2012).

Studies showed that even mild renal dysfunction is associated with an increased risk of cardiovascular disease
(CVD) (Sarnak et al., 2003; Go et al., 2004; Yaturu et al., 2007).
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The association between renal insufficiency and CVD was first shown in patients with end-stage renal disease,
whose cardiovascular mortality exceeds that of patients without renal disease by a factor 10-30 (Foley et al., 1998;
Sarnak et al., 2005).

Plasma levels of resistin are elevated in uremia, primarily because of a reduced renal clearance (Cohen and
Horl, 2009; Teta, 2012;Kaynar et al.,2014; Maggio et al., 2014), where Hoet al. (2013) showed an inverse
correlation between adipose resistin and renal function.

In humans, the relationship between resistin and coronary artery disease has been controversial (Hu et al.,
2007; lbrahim et al., 2012). Studies showed that resistin can accelerate atherosclerotic plaque progression by
aggravating inflammatory conditions in the vessel wall through stimulating monocyte infiltration (Cho et al., 2011).
Moreover increased plasma concentrations of resistin were associated with subsequent development of heart failure
(Frankel et al., 2009).

Resistin may be a risk marker for ischemic heart disease (Cabrera et al., 2014) it is significantly associated
with pathogenesis of acute coronary syndrome (Singh et al.,2014)

Also, serum resistin levels were significantly increased butnot correlated with insulin resistancein patients
presenting with acute ST segment elevation myocardial infarction (Ibrahim et al., 2012)however, Gruzdeva et al.
(2014) proved correlation between insulin resistanceand elevated resistin levels in myocardial infarction patients.

On the contrary, the potential role of resistin as a cardioprotective agent has not been explored. Gao et al.
(2007)demonstrated that pretreatment of mouse hearts with resistin protected the heart against
ischaemia/reperfusion injury, as resistin can dramatically reduce apoptosis and infarct size.

So, resistin appears to have a potential role in CVD and may contribute to an increased atherosclerotic risk by
modulating the activity of endothelial cells (Cohen and Horl, 2009; Teta, 2012). However, no clinical data
regarding this issue support this hypothesis in uremic patients (Teta, 2012).

Therefore, our study is designed to assess the relationship between resistin levels and cardiovascular risk factors
in chronic renal failure rat model.

Material and methods:
1-Animals:

40 healthy adult male wistar albino rats weighing 150-200 gm were obtained from the animal house in faculty of
veterinary medicine -Zagazig University. The animals were kept in steel wire cages (5-7/cage) in the animal house
in faculty of medicine of Zagazig University under hygienic conditions.

Animals were fed standard chow and had free access to water, kept at room temperature and were maintained on
a 12 h light/dark cycle. The rats were accommodated to animal house conditions for one week before the
experiments going on. The experimental protocol was approved by physiology department and by local medical
ethics committee in faculty of medicine of Zagazig University (Institutional Review Board, IRB).

The animals were divided into two groups: Group (1): Control group (n=15): 15 rats were injected with 0.3M
NaHCO3 (5ml/ Kg) subcutaneously once a weekly (5 dose).Group (11): Chronic renal failure-induced group (n
=25): rats were injected subcutaneously with folic acid at a dose of 300 mg/kg(in 5 ml) once a week(dissolved in
0.3M NaHCO3) for 5 weeks(Nabae et al., 2006).(7 rats died and 18 rats remained (Death rate = 28%).

Methods:

Measurement of Blood Pressure (BP)according to Zorniak et al. (2010) and Parasuraman&Raveendran (2012)
An overnight fasted (8-10 h) each rat was anesthetized with urethane (1200 mg/kg),and placed on a suitable

rodent none electrically conductive surgical table.The skin on the ventral side of the neck is shaved and

disinfected.The skin was carefully cut open(1.5-2 cm), and a slit incision was made in the platysma muscles. The

trachea was identified, small incision was made on the cartilage tissue, and the tracheostomy was performed using a

small piece of tracheal intubation tube.

One side of the carotid arterywas separated from the adjacent connective tissue, and its cephalic end was tied
and the cardiac end was clamped with a bulldog clamp and cannulated using a heparinized cannula (0.5 1U/ml
insaline).

The other end of the cannula connected to a three-way stopcock connected to the pressure transducer and a
syringe filled with heparinized saline. Then the carotid artery cannulation site was tied with a thread without
obstructing the blood flow in the carotid cannula. Then bulldog clamp was released slowly, ensuring that there was
no bleeding at the cannulation site.

After cannulation, the animal is connected to the Power Lab (AD Instruments Pty Ltd, Australia) to record the
BP. The pressure cuff of the sphygmomanometer was connected to the pressure transducer. Then, the pressure
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transducer is checked by inflating to a known pressure level. The calibration between the voltage (millivolts) and
the pressure (mmHg), and the results are automatically calculated by power Lab software.
Recording ECG

Three-lead bipolar ECG was used in electrocardiography. Positive, negative, and reference electrocardiogram
electrodes were placed at the left fore leg, right fore leg, and left thigh, respectively, to record electrocardiogram
(Ordodi et al., 2005; Parasuraman and Raveendran, 2012).

Sampling of blood:

Blood samples were taken from the cannula after measuringBP and tracing ECG and were allowed to clot for 2
hours at room temperature before centrifuging for 20 minutes at approximately 500 rpm. The separated serum was
stored at -20° C.

A- Serum analysis:

1- Resistin levels: according to Steppan and Lazar (2004) using Rat resistin ELISA Kits,(BioVendor-
Laboratorimedicina, U.S.A.

2-Insulin levels: according to Temple et al.(1992)using INS-EASIA, KAP1251 (BioSource Europe S.A).

3-Glucoselevels:according toTietz (1995)usingglucose enzymatic (GOD-PAP)-liquizyme rat Kits (Biotechnology,
Egypt).

4- Cholesterol levelsaccording to Tietz (1995)using total cholesterol Kits estimation(BioSource Europe S.A).

5- HDL-cholesterolaccording toNauk et al. (1997) by using kits for HDL-cholesterol (BioSource Europe S.A).

6- Urea levels according to Kaplan (1984)using urea kits(Spinreact, S.A.U. Ctra.SantaColoma, SPAIN).

7- Creatinine levelsaccording to Murray et al. (1984) using creatinine Kits (SPINREACT, S.A.U. Ctra.Santa
Coloma, SPAIN).

8- c-reactive protein (CRP) levelsaccording toRidker et al. (1998) usingCRP Kits (Monobindinc Lake Forest, Ca
92630, USA).

B- Estimation of protein in urinechemically by using Microlab 300

C- Calculation of Homeostasis model assessment of insulin resistance (HOMA-IR) according to the
equationofSun et al., 2007 modification onMatthews et al., 1989[HOMA-IR = insulin (uU/mL) x glucose
(mg/dL) /405].

D- Calculation of atherogenic index(Al) according to the equation: Atherogenic index=(total cholesterol-HDL -
cholesterol)/HDL-cholesterol. (Karthik and Ravikumar,2011).

E- Histopathological examinations:

The abdominal cavities of the rats were opened to remove the kidneys. The kidneys were fixed in 10 % formalin
solution and embedded in paraffin. Sections were made and stained with hematoxylin and eosin (H &E) and
observedmicroscopically (Willette et al., 2008). The pathologist was blinded to the treatment.

RESULTS: (table 1)

Regarding serum and urine parameters,in CRF group, there were significant high levels of serum resistin in
comparison with that of control group (P < 0.01). These high levelswere significantly positive correlated (P < 0.001)
with the significant higher levels of urea, creatinine, proteinuria, glucose, insulin, HOMA-IRtotal cholesterol,
atherogenic index and CRP(P < 0.001). However, HDL-cholesterol levels were significantly lower than that of
control group (P < 0.05) and negatively correlated with serum resistin levels (P < 0.001). In addition,while the
elevated levels of Al in CRF groupsignificantly positive correlated with resistin, urea, creatinine,
proteinuria,glucose, insulin,HOMA-IR, total cholesterol and CRP levels (P < 0.001), it correlated negatively with
HDL-cholesterol.While no correlation was observed in the control group.

Regarding blood pressure, systolic blood pressure, diastolic blood pressure and mean arterial blood pressure
were significantly elevated in CRF group in comparison with control group (P<0.001) and positively correlated with
both serum resistin levels and calculated Al.

Concerning ECG, in CRF,both PR interval (sec.) and QT interval (sec.) were significantly prolonged when

compared with that of control group. In addition while the amplitudes of R wavewere significantly lower,the

amplitudes of T were significantly higher when compared with that of control group (P < 0.001). However, there

were no correlations detected between any of ECG parameters with either serum resistin levels or calculated Al

levels

Table 1:mean values (= SD) of serum measured parameters,proteinurea ,calculated HOMA-IR and Al, blood
pressure and ECGin both groups.

233



ISSN 2320-5407

International Journal of Advanced Research (2015), Volume 3, Issue 3, 231-243

parameters

Control (group I)

Chronic renal failure group

(n =15) (group 1) (n =18)
mean = SD r mean = SD P value rl r2
Serum Resistin 0.982 £ 0.22 1.262+0.284 <0.01 0.969
(mg/L) P <0.001
SerumUrea(mg/dL) 25+5.81 0.200 70.815.64 <0.001 0.909 0.924
NS P<0.001 P <0.001
SerumCreatinine(mg/ 0.55+0.15 -0.197 2.31+0.448 <0.001 0.935 0.912
dL) NS P<0.001 P <0.001
proteinuria(gm/dL) 0.58 +0.10 0.036 1.49+0.273 <0.001 0.973 0.926
NS P<0.001 P <0.001
Serum 87.2+9.99 -0.367 183.8+26.49 <0.001 0.900 0.876
glucose(mg/dL) NS P<0.001 P <0.001
serum 17.47+2.45 -0.199 25.46+4.804 <0.001 0.915 0.933
insulin(MIU/L) NS P<0.001 P <0.001
HOMA-IR 3.68+0.8 -0.323 11.48+3.5 <0.001 0.972 0.964
NS P<0.001 P <0.001
Serum total 104.3+6.9 0.819 154.83+8.2 <0.001 0.981 0.980
cholesterol(mg/dL) <0.001 P<0.001 P <0.001
Serum HDL- 58.5 +7.86 0.244 51.9 48.13 <0.05 -0.916 -0.979
cholesterol(mg/dL) NS P<0.001 P <0.001
atherogenic 0.817+0.28 -0.36 2.067+0.6 <0.001 0.969
index(Al) NS <0.001
Serum CRP(Ug/mL) | 0.802+0.22 0.222 1.257 £0.272 <0.001 0.876 0.855
NS <0.001 P <0.001
systolic blood 92+12.63 -0.472 127+14.14 <0.001 0.894 0.891
pressure(mmHg) NS <0.001 P<0.001
diastolic blood 57+9.23 -0.567 92+9.58 <0.001 0.821 0.801
pressure(mmHg) <0.05 <0.001 P <0.001
mean arterial blood 75 +10.6 -0.527 109+11.4 <0.001 0.9 0.890
pressure(mmHag) <0.05 <0.001 P <0.001
PR interval(sec.) 0.1+0.014 -0.363 0.22+0.04 <0.001 0.152 0.223
NS NS NS
QT interval(sec.) 0.068+0.01 0.354 0.08+0.0160.01 <0.01 -0.188 0.278
NS 6 NS NS
R amplitude(mV) 0.7 +0.12 -0.112 0.5 +0.15 <0.001 0.087 0.112
NS NS NS
T amplitude(mV) 0.1 +£0.02 0.102 0.18 +0.03 <0.001 0.278 0.207
NS NS NS
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Trace 1: blood pressure of rat from the control group
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Trace 2: blood pressure of rat from the CRF induced group.
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Trace 3: ECG of a rat from the control group.
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Trace 4: ECG of a rat from the CRF-induced group.
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Figure 3: Photomicrograph of renal tissue after treatment with folic acid regimen showing
sloughing and degeneration of the renal tubular epithelial cells with picnotic nuclei.
(Hematoxylin& Eosin x400).

DISCUSSION
In this study, the usage of folic acid to induce renal failure guided by Ku (2005)who proved that chronic large
doses of folic acid may interfere with sleep patterns and cause malaise, irritability, anorexia, nausea, bloating,
flatulence, bad taste, lower seizure threshold in epileptics and progression of neurologic injury in pernicious anemia,
but no cardiovascular disorders were detected.
CRF is proved by the elevated levels of urea and creatinine in serum samples and by the high levels of
proteinuria. Also, histopathological examination of kidneys showed areas of fibrosis between the renal tubules and

236



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 3, 231-243

glomeruli in addition to sloughing and degeneration of the renal tubular epithelial cells with picnotic nuclei. These
results supported by Tsutsumi et al. (2004)histological examination of the kidney of animals treated weekly with
folic acid for five weeks revealed focal interstitial inflammatory lesions with scattered tubular atrophy.

In the present study, serum resistin levels was significantly higher in CRF-induced group than that of control
group.This result comes in agreement with Teta (2012) who stated anaccumulation of adipokinesinrenal clearance,
as their molecular weights usually middleand large. Moreover, serum resistin levels were two times higher in
patients with advanced chronic kidney disease (CKD)Marouga et al. (2013)due to decreased filtration (Malyszko et
al.,2007; Nehus et al., 2012; Maggio et al.,2014)

However, decreased clearance might not be the only cause of elevated resistin levels, where CKD has been
recognized as a state of chronic inflammation (Stenvinkel et al., 2005; Silverstein, 2009), and many data suggest
that resistin is involved in inflammatory processes. Resistin stimulates production of 1L-6 and TNF-a (Bokarewa et
al., 2005; Cho et al., 2011), Furthermore,Axelsson et al.(2006) showed a significant independent association of
resistin with IL-6 in adults with CKD.

The relation between resistin and CRF is evidenced in this study by the positive correlation between serum
resistin levels and serum levels of urea and creatinine and proteinuria in the CRF-induced group. This comes in line
with Nehus et al. (2012) who have demonstrated that serum resistin level increases with progressively declining
kidney function in children with CKD.

As regards glucose metabolic parameters, our study showed that in CRF-induced group, serum levels of insulin
and glucose and calculated HOMA-IR were significantly higher when compared to that of control group, these
results were supported byCheng et al. (2012)andMaggio et al. (2014).Moreover,serumresistin levels were positive
correlation with serum glucose, serum insulin and calculated HOMA-IR levels in the CRF-induced group which
wasn’t detected in the control group. These results are supported by Steppan et al. (2004) and Gharibeh et al.
(2010)who proved a significant correlation between resistin level and insulin resistance.

Moreover, Noureldeen et al., 2014reported increased insulin resistanceindiabetic patients associated with
increased resistin and TNF-a. The positive correlation found between serum resistin levels and glucose metabolic
parameters can be explained by the evidence that resistin inhibits insulin-dependent glucose transport and mediates
increased blood glucose level and hepatic glucose production (Moon et al., 2003; Pravenec et al., 2003).1n addition,
resistin suppresses phosphorylation and glycogen synthase kinase 3(GSK3) in a dose dependent manner(Zhou et al.,
2007) and an upregulation of suppressors of cytokine signaling, which interferes with the activation of insulin-
receptor substrate (Barnes and Miner, 2009).

In contrast,resistin is notlinkedto insulin resistance in Type Il diabetes (TIIDM)(Nagaev and Smith, 2001) or
CKD patients (Axelsson et al., 2006).

Concerning serum levels of total cholesterol in this study, they weresignificantly higher in CRF-induced group
compared to that of control group where there was positive correlation between serum resistin levels and serum
levels of total cholesterol in the CRF-induced group.

On the other hand, serum levels of high-density lipoprotein (HDL-cholesterol) were significantly lower in CRF-
induced group than that of control group and it was negatively correlated with serum resistin levels.

These results come in agreement with Nehus et al. (2012) who found that elevated serum resistin level was
significantly associated with high triglycerides and low HDL-cholesterol in children with CKD. Moreover, Raman
et al. (2013) revealed that increased expression of resistin is seen in lipid-rich atheromatous plaques compared to
lipid-poor fibrotic plaques.

In 2013, Balla et al. stated that dyslipidemia in CKD is caused in part by damage of the glomerular filtration
barrier resulting in proteinuria and compensatory up regulation of hepatic protein synthesis, which includes
lipoproteins. Also Vaziri (2013) showed that end stage renal diseases results in down-regulation of apolipoprotein-
Al and lecithin-cholesterol acyl-transferase in the liver, reduction of plasma HDL, and impaired antioxidant, anti-
inflammatory and reverse cholesterol transport capacities of HDL.

Zohng et al.(2014) implied that inflammation promoted renal lipid accumulation and foam cell formation by
disrupting cellular cholesterol homeostasis as inflammation increased cellular cholesterol uptake and synthesis via
up-regulating the expression of low-density lipoprotein receptor and 3-hydroxy-3-methylglutaryl-coenzyme A
reductase.

And accordingly, we found that atherogenic index (Al) was significantly higher in CRF-induced group than that
of control group, where there was also a positive correlation between serum resistin levels and Al in CRF-induced
group which was not detected in control group.

As regards blood pressure, both systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
significantly higher in CRF-induced group than that of control group and they were positively correlated with serum
resistin levels in CRF-induced group.
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This comes in agreement with Zhang et al. (2010) who suggested that higher plasma resistin levels are
independently associated with an increased risk for incident hypertension among women without diabetes.

A cross-sectional studies of patients with diabetes revealed that serum resistin levels were higher and associated
with both Systolic BP and Diastolic BP in patients with hypertension compared with non-hypertensive
patients(Sabbatini et al., 2014;Takata et al., 2008).However,Asgary et al. (2014) reported that in patients with
metabolic syndromethere were no significant correlation between resistin levels and both Systolic BP and Diastolic
BP.

Resistin is primarily involved in the inflammatory process by up-regulating IL-6 and TNF-a (Bokarewa et al.,
2005;Kunnari et al. 2006),increasing cardiovascular risk, unstable angina, poor prognosis in coronary artery
disease (Lubos et al. 2007;Norata et al. 2007).resistin exerts direct effects by inducing endothelin 1 release (Verma
et al., 2003) and increasing the expression of adhesion molecules such as intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 (Verma et al., 2003; Kawanami et al., 2004; Mattu and Randeva, 2013). This
pro-inflammatory role is also supported by its proportional relation to the severity of the sclerotic lesion in animal
models of atherosclerosis (Lago et al. 2007;Mattu and Randeva,2013).Furthermore, in isolated coronary artery
rings, resistin can induce endothelialdysfunction (Dick et al. 2006). All these processes can induce inflammation
within the vascular wall and lead to vascular remodeling and injury.

Moreover, at the functional level, resistin has been shown to reduce endothelium-dependent and independent
vasorelaxation, possibly by increasing superoxide radical production and by decreasing endothelial nitric oxide
synthase expression in endothelial cells (Kougias et al., 2005).

In addition, Vaziri (2013) found that in end stage renal diseases, there is impaired clearance leads to
accumulation of proinflammatory and atherogenic chylomicron and VLDL remnants, formation of small dense
LDL, hypertriglyceridemia, these events contribute to systemic inflammation, accelerated atherosclerosis, cachexia,
and impaired exercise capacity.

Dyslipidemia is known to impair endothelium-dependent vasodilatation (Attman and Samuelsson, 2009).
Dyslipidaemia, along with insulinaemia and glycaemia, is one of the most significant IR risk factors in the acute and
early recovery phases of myocardial infarction (Gruzdeva et al.,2014).

On ECG tracing, we found that there were significant prolongation in both PR interval and QT interval in the
CRF-induced group when compared to that of the control group. Moreover, the amplitude of T wave was
significantly higher in the CRF-induced group than that of the control group.

However, these ECG changes were not correlated with serum resistin levels. So, theses ECG changes may be
due to electrolyte disturbances found in CRF (Mahaldar, 2012).1t was found that CRF is frequently complicated by
elevations in serum potassium, phosphate, and magnesium (Duerksen and Papineau, 1998),this hyperkalemia will
lead to ECG changes such as high peaked T waves, prolongation of PQ interval, lowering of P wave amplitude,
widening of QRS complexes and bradycardia(Berkova et al., 2012).

Concerning C-reactive protein (CRP), our study showed that its serum levels were significantly higher in CRF-
induced group than that of the control group.

This comes in agreement with Panichi et al., 2001 who showed that CRP and IL-6 were related with renal
function. Also Abraham et al., 2009 stated that a high degree of inflammation and malnutrition exists in predialysis
patients as seen by high CRP values and low serum albumin levels and that synergism of these factors could
contribute to atherosclerosis in CKD apart from the classic risk factors.

In addition, our study demonstrated a positive correlation between serum levels of resistin and CRP in the CRF-
induced group which was not detected in the control group, which comes in line withother studieswhichrevealed a
positive correlation between serum resistin and CRP levels in non-diabetic, typell diabetic subjectsand elderly, non-
diabetic patients with CKD (McTerna et al., 2003;Al-Daghri et al., 2005;marouga et. al,2013).

These data suggest a potential role for resistin as a marker associated with inflammation in both TIIDM and
coronary heart disease (Cabrera et al 2014). Moreover some studies have shown pro-inflammatory cytokines to be
important inducers of CRP, such as IL-6and TNF-a(Maachi et al., 2004), and resistin may also play a role as an
inducer of CRP(Al-Daghri et al.,2005).

Moreover, Yaturu et al., 2007 suggested a role for resistin as a possible marker of inflammation in subjects
with CKD by the increased plasma levels of resistin and CRP in association with TNF-a.

Regarding the relationship between Al and glucose metabolic parameters, we found that there were positive
correlations between Al and each of serum levels of glucose and insulin and calculated HOMA-IR.

These results come in agreement with Fan, 2006 who stated that insulin resistant states have been strongly
associated with subclinical and clinical cardiovascular disease (CVD) and all-cause mortality

Tison et al., 2011 showed that HOMA-IR has a positive and graded association with extra coronary
calcification, which may reflect a generalized process of atherosclerosis (Allison et al., 2006; Demer et al., 2008).
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Moreover, hyperinsulinemia may play a role in the lipid disturbance and associated cardiovascular risk (Legro et
al.,2001; Orio et al., 2008; Roa Barrios et al., 2009; EI-Manzy et al., 2010).

This comes in line with another study suggesting that insulinresistance is independently associated with
subclinical atherosclerosis in patients with TIIDM (Park et al., 2009) which comes in consistent with other findings
from Watarai et al., 1999 and Cardellini et al., 2007 who showed that insulin sensitivity was associated with
increasing carotid intima/media thickness in patients with TIIDM and in non-diabetic normotensive offspring of
TIIDM patients.

Many (Rajala et al., 2002; Bonora et al., 2007; Cardellini et al., 2007) but not all (Ishizaka et al., 2003;
Larsson et al., 2003; Rutter et al., 2005) of previous studies have reported an independent association between
insulin resistance and either clinical or subclinical CVD.li et al.,(2013)stated that insulin resistance is an
independent predictor of CV morbidity and mortality in a cohort of non-diabetic patients.

It is evidenced that chronic low-grade inflammation is a hallmark of the obese state(Yudkin et al., 2000, Bays
et al., 2004),insulin resistance/TIIDM (Festa et al., 2000; Hoekstra et al., 2005) and the early stages of
atherogenesis(Festa et al., 2000), pointing to mechanisms inducing a low-grade systemic inflammation as a putative
link that connects adipose tissue dysfunction and the metabolic and vascular pathologies.

While regarding the relationship between Al and serum levels of CRP, our study showed a positive correlation
between them in the CRF-induced group. This was explained in 2011 bylbrahim et al. who showed the role of early
accumulation of CRP in the phenomena of atherosclerotic lesion formation.

First, CRP may act as a chemo-attractant for blood monocytes in vivo. Second, CRP is known to inhibit
neutrophil chemotaxis and the binding of neutrophils to endothelial cells (Torzewski et al.,2000). Third, CRP has
been shown to exert direct adverse effects on the vascular endothelium by reducing nitric-oxide release and
increasing endothelin-1 production, as well as by inducing expression of endothelial adhesion molecules (Schmitz
and Hombach, 2010).

In conclusion: Resistin can be considered as uremic toxin of chronic renal failure. Resistin aggravates
cardiovascular risk factors in CRF.
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