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Abstract: The elevated level of high-sensitivity C-reactive protein (HSCRP) and atherosclerosis are associated
with high mortality in type 2 diabetic patients. The HSCRP correlates with atherosclerosis and insulin resistance
in type 2 diabetic patients. IL-6 is a cytokine (one of a class of immune system regulators ) it plays a critical
role, in acute phase of inflammatory reaction to cellular injury.

Aim of the study: The aim of the study is a comparison between metabolic profiles in Iraqi type 2 diabetic
patients with low HSCRP levels and those with elevated HSCRP levels; independent predictors of the HSCRP in
these populations were evaluated. To estimate the pro inflammation cytokines that have been associated with
insulin resistance such as IL-6 in type 2 diabetic patients..

Material and methods: This study consisted of 50 Iraqi patients with type 2 diabetes with elevated HSCRP
group (0.3—1.0 mg/dl, age: 57+5 years, mean+S.D.) and a control group of 50 age-matched diabetic patients
with low level of HSCRP (<0.3 mg/dl, 57+6 years). IL-6 was measured ( by enzyme linked immunosorbant assay
, ELISA) .

Results: The body mass index (BMI) values , waist circumferences and the waist-to-hip ratios were higher in
the high HSCRP group than in the low HSCRP group. Fasting blood glucose (FbG; and insulin concentrations ,
and the homeostasis model assessment (HOMA) index , were significant higher in the elevated HSCRP group
than in the low level of HSCRP group. IL-6 showed a significantly higher serum level in elevated HSCRP
patients than low level of HSCRP group .

Conclusions: These results indicate that the elevated level of HSCRP in Iraqi patients with type 2 diabetes is
characterized by atherosclerosis and insulin resistance, with a highly significant increase in the levels of IL-6 is
in the high HSCRP group than in the low HSCRP group.

Key words: IL-6, high-sensitivity C-reactive protein in atherosclerosis, type2 diabetes.

I.  Introduction:
It has been reported that measurement of inflammatory markers such as high-sensitivity C-reactive
protein (HSCRP) is an important method for identifying individuals at risk for cardiovascular events
Insulin resistance: is the condition in which normal amounts of insulin are inadequate to produce a normal
insulin response from fat, muscle and liver cells.. Insulin resistance in fat cells results in hydrolysis of stored
triglycerides, which elevates free fatty acids in the blood plasma. Insulin resistance in muscle reduces glucose
uptake, whereas insulin resistance in liver reduces glucose storage, with both effects serving to elevate blood
glucose. High plasma levels of insulin and glucose due to insulin resistance often lead to metabolic syndrome
and type 2 diabetes - High levels of insulin cause several problems: One of them is high blood pressure . Insulin
regarded as anabolic hormone' 2.
Insulin resistance is linked to established risk factors for atherosclerosis such as hypertension,

hyperlipidemia, and obesity, which subsequently accelerate the development and progression of atherosclerosis
3.

Although plasma CRP is reported to be associated with insulin resistance in type 2 diabetic patients ),

the significance of HSCRP in diabetic atherosclerosis has not been adequately investigated.

The role of insulin resistance or hyperinsulinemia as a cause of hypertension remains unproven
{Kincaid- Smith}. Some epidemiologic studies have not been able to demonstrate a correlation between
plasma insulin levels and the systemic Bp {Muller ,DC}. In addition , patients with an insulinoma do not
become hypertensive and their Bp does not fall after successful surgery ©

The acute phase response (or reaction) is a major physiological phenomenon that accompanies
inflammation and is associated with increased activity of pro inflammatory cytokines'® . It occurs following
trauma, burns, infections, inflammation and other related conditions ”. Protein markers of inflammation have
been studied as noninvasive indicators of underlying atherosclerosis in apparently healthy individuals. The most
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extensively studied biochemical marker of inflammation in cardiovascular disease in serum is C-reactive
protein CRP, for which standerized high —sensitivity assays (hs -CRP) are widely available®.

CRP is an acute phase protein that is produced predominantly by hepatocytes under the influence of
cytokines such as interleukin IL-6 and tumor necrosis factor —alpha . Despite a lack of specificity for cause of
the inflammation, data from more than 30 epidemiologic studies have shown a significant association
between elevated serum or plasma concentrations of CRP and the prevalence of underlying atherosclerotic
disease , the risk of recurrent cardiovascular events among patients with established disease, and the incidence
of first cardiovascular events among individuals at risk for atherosclerosis . In addition , a number of drugs
used in the treatment of cardiovascular disease reduce serum CRP. It is therefore possible that reduced
inflammation contributes to the beneficial effects of these medications. The inflammatory markers CRP,
fibrinogen , and serum myeloid originate in the liver , and their production is stimulated by systemic cytokines
such as inerleukine -6 and tumor necrosis factor alpha. These cytokines are produced at several extra hepatic
sites including the heart, vessel walls , macrophages , and adipose tissue .

The release of cytokines leads to both the stimulation and inhibition of protein synthesis. These so-
called acute phase proteins have served as important biochemical markers of inflammation . Interleukin-6 (IL-
6) is a multifunction cytokine that regulates immune response ,acute phase reactions and hematopoesis and may
play a central role in host defense mechanisms, and it’s one of several pro inflammation cytokines that have
been associated with insulin resistance 'V

The elevated levels of HSCRP are associated with insulin resistance in type 2 diabetic patients. To
investigate serum concentration of pro inflammatory IL-6 in T2DM. The aim of the study is a comparison
between metabolic profiles in Iraqi type 2 diabetic patients with low HSCRP levels and those with elevated
HSCRP levels; independent predictors of the HSCRP in these populations were evaluated. To estimation the pro
inflammation cytokines that have been associated with insulin resistance such as IL-6 in type 2 diabetic
patients..

II.  Subjects and methods

One hundred twenty consecutive Iraqi patients with type 2 diabetes mellitus who were selected from
patients attended to out patient in medical city in Baghdad .

Among these subjects, we enrolled 100 patients who did not have organic heart disease as determined
by physical examination and routine laboratory tests, including serum electrolytes, serum creatinine, blood urea,
fasting blood glucose (FbG), fasting immunoreactive insulin (F-IRI), IL-6 , chest X-ray, electrocardiography
(ECQG), echocardiography, treadmill exercise test .

All patients underwent a clinical examination to exclude the presence of secondary hypertension.
Essential hypertension was defined as diastolic blood pressure =80 mmHg, systolic blood pressure =130
mmHg, or self-reported use of antihypertensive medication "».All patients were diagnosed by Doppler
ultrasound of carotid artery.

Blood was taken at 08.00 a.m from the antecubital vein with the patient in the recumbent position after
an overnight fast. All patients underwent routine laboratory tests including assays for serum electrolytes, serum
total cholesterol, serum triglycerides, serum high-density lipoprotein, FbG, and F-IRI. Insulin resistance was
evaluated by the homeostasis model assessment (HOMA) index: (fasting plasma insulin (pU/ml) x FPG
(mmol/1))/22.5 2

High-sensitivity assays for CRP were performed according to the previously described method. By this
assay, 46 patients were assigned to have high HSCRP (0.3—1.0 mg/dl; termed elevated HSCRP group) "¥. Also
recruited 54 age-matched patients who had low level of HSCRP (<0.3 mg/dl; low HSCRP group), who were
selected from the original 100 enrolled patients. Patients who showed higher levels of CRP (i.e., >1.0 mg/dl)
were excluded from the study"? . The clinical characteristics of patients in the low and high HSCRP groups are
summarized in Table 1. In total, 31 of the 46 patients in the elevated of HSCRP group and 35 of the 55 patients
in the low level of HSCRP group met the criteria for essential hypertension and all of these patients were being
treated with calcium channel antagonists, angiotensin-converting enzyme (ACE) inhibitors, and/ or angiotensin
IT receptor blockers with diuretics. None of the patients were being treated with insulin.

(ISI)nterleukin—6 was measured by enzyme immuno assay method using a kit supplied by immunotech-
France "

Dyslipidemia was defined as fasting triglycerides levels =150 mg/dl or a high-density lipoprotein-
cholesterol (HDL-c) concentration <45 mg/dl for women and <35 mg/dl for men "?. Fifteen of the 46 patients
in the high HSCRP group and 17 of the 55 patients in the low HSCRP group met the criteria for dyslipidemia.
Patients treated with insulin were also excluded. Female patients who were pregnant or treated with any
postmenopausal hormonal replacement or contraceptives were also excluded.

The anthropometric and body composition characteristics of the patients were evaluated using the
following parameters: height, body weight, BMI, waist circumference, hip circumference, and waist-to-hip ratio.
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BMI was calculated as weight/(height®) (kg/m?). The waist circumference was measured midway between the
lower rib margin and the iliac crest and the hip circumference was measured at the widest circumference over the
trochanter in standing subjects after normal expiration.

Statistical analysis

Data are presented as mean+S.D. Differences between two groups were analyzed by the unpaired
Student’s -test,

A P value of <0.05 was considered statistically significant. Simple (Spearman’s rank) correlation
coefficients between HSCRP and various parameters were calculated. Stepwise multiple regression analysis was
then used to evaluate the association between the levels of HSCRP and other factors, such as the waist
circumference, triglyceride levels, HDL-c levels, uric acid levels, HOMA index values.

III.  Results:

As shown in Table 1, the mean ages of the high and low HSCRP groups were similar, and there were
no significant differences between the groups with respect to gender, duration of diabetes as shows in fig 2 ,
smoking habits,the BMI values, waist circumferences, and the waist-to-hip ratios were larger in the high HSCRP
group than in the low HSCRP group (P=0.0265, P=0.0001, and P=0.0409 respectively).

Figure 1 shows the mean level of elevated HSCRP(mg/dl) group and low level of HSCRP (mg/dl)
group with significantly difference between the patients p<0.0001

The resting heart rate and systolic and diastolic blood pressures were not significantly different between
the two groups. Regarding glucose metabolism, Fig. (4) ,fig( 5) shows the level of Fasting blood glucose and
insulin concentrations and HOMA index values were higher in the HSCRP group than in the low HSCRP group
(P=0.0015, P<0.0001 and P<0.0001 respectively). However, there was no significant difference in hemoglobin
Alc between the two groups. With regard to lipid metabolism, the concentration of serum triglyceride was
higher and the concentration of serum HDL-cholesterol was lower in the high HSCRP group than in the low
HSCRP group (P=0.0002 and P<0.0001 respectively), whereas serum total cholesterol levels were not
significantly different between the groups.

IL-6 showed a significantly higher serum level in high HSCRP patients than low HSCRP, p<0.05 . as shows in

fig (3)

The concentration of uric acid was higher in the high HSCRP group than in the low HSCRP group
(P=0.0107). Parameters measuring renal function, the serum creatinine concentration was not significantly
different between the groups.

Table 1: Clinical characteristics of studied patients :

T
CRP group group

W
(=)}

‘
(mU/ml)
index

0.7+0.2 0.84+0.2

Creatinine(mg/dl NS
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Figure 1: The mean values of high sensitivity CRP (mg/dl) in elevated hs-CRP group and low level ofhs-
CRP group.
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Figure 2: The mean levels of duration of diabetes (years) in elevated hs-CRP group and lowlevel of hs-
CRP.
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Figure 3: The mean levels of IL-6 (pg /lml) in elevated hs-CRP group and low level of hs-CRP group
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Figure 4: The mean levels of fasting blood glucose (mg/dl) in elevated hs-CRP group and low level of hs-
CRP group
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Figure 5: The mean levels of homeostasis model assessment in elevated hs-CRP group and low level of hs-CRP
group

Table 2 + depicts the correlation between the HSCRP level and age, BMI, and other variables in both the
high-and the low HSCRP group. HSCRP levels were positively correlated with the BMI values, waist
circumference, waist-to-hip ratio, triglyceride levels, FPG, fasting plasma insulin concentration, uric acid levels,
HOMA index values, IL-6 and were negatively correlated with HDL-c levels.

Table 2: Correlations between high —sensitivity C-reactive protein and various parameters.

Parameters
p-value

Duration of diabetes (years) 0.082 n
BMI (Kg/m2) 0.24 0.013

Univariante analysis

IL-6( pg/ml) . 0.05

Total-cholesterol

=1 =l =)
>—A>—A>—AO
N | Y| kS

Triglyceride
High density lipoprotein cholesterol I
Fasting blood glucose (mg/dl)

I Fasting immunoreactive insulin (mU/ml)

Homeostasis model assessment index

Hemoglobin A1C (%)

Uric acid (mg/dl)
Creatinine(mg/dl

IV.  Discussion:

In the present study, type 2 diabetic patients with HSCRP shows multiple metabolic parameters ,
fasting blood concentrations of glucose and insulin and the HOMA index were higher in patients with elevated
HSCRP than in those with low HSCRP. In addition, multiple regression analysis revealed that the levels of
HSCRP in the patients could be independently predicted by the HOMA index values in Iraqi patients with type 2
diabetes.

Obesity and insulin resistance have been quite well recognized as fundamental and leading causes of
major health issues such as diabetes, dysperlipidemia, hypertension, and cardiovascular diseases central obesity,
particularly central adiposity is considered to play a major role in causing insulin resistance and NIDDM(non
insulin dependent diabetes). This study discusses visceral obesity, the potential mechanisms by which it would
be related to insulin resistance, focus on the one of adipocytokines expressed and secreted by the adipose tissue
which is IL-6!'® .

Recent studies have demonstrated a close relationship between elevated CRP and insulin resistance !*"
Yudkin et al. ' reported that low CRP in healthy subjects is related to insulin resistance when assessed by BMI,
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HOMA index, blood pressure, HDL-cholesterol, and triglyceride, and that increased proinflammatory cytokines,
interleukin-6 and tumor necrosis factor-cx (TNF-e), play an important role in the low level of chronic
inflammatory state. Festa et al. "™ also reported that the level of CRP correlated with BMI, insulin sensitivity
(assessed by i.v. glucose tolerance test), and fasting plasma levels of insulin and proinsulin. They suggested that
CRP is not only a predictor of cardiovascular events but also an independent predictor of insulin sensitivity. In
the present study, consistently, the level of HSCRP correlated with BMI, HDL-cholesterol, fasting plasma
insulin concentration, and HOMA index. Being different from those two prior studies ['"'”this study enrolled
type 2 diabetic patients who did not receive insulin treatment.

High BMI is associated with elevated central of obesity. It is now recognized that excess abdominal
distribution of fat is more closely associated with the development of metabolic abnormalities. It can therefore,
be speculated that the unfavorable changes observed with high BMI may in fact be attributed to the detrimental
influence of abdominal adiposity on the metabolic processes *”. While the cause of this association is not fully
established, the possible mechanism is hypothesized to be mediated by the intra-abdominal fat depot. A
preponderance of enlarged fat cells in this type of adipose tissue increases the risk of glucose intolerance,
hyperinsulinemia and hypertriglyceridemia. These hypertrophied adipocytes are more sensetive to lipolytic
hormones than smaller fat cells leading to increased delivery of free fatty acids into the portal circulation®” .

On the other hand ,the fasting serum insulin and BMI were positive correlated
with high —sensetivity C-reactive protein as shown in table (2),Since the most important characteristic of type
2diabetes patients was obesity (high BMI) and insulin resistances ,and the positive correlation in insulin
sensitive index and high —sensitivity C-reactive protein as shown in table (2)

A leading hypothesis in this regard is that intra-abdominal adipocytes are more lipolytically active.
This would increase (non esterified fatty acid)NEFA levels and flux, which might inhibit insulin clearance and
promote insulin resistance .another possible mechanism is that NEFA compete with glucose uptake in muscle
and fat cells, resulting in increased NEFA oxidation and impaired insulin mediated glucose utilization (glucose
oxidation and glycogen deposition) in skeletal muscle and in acceleration of gluconeogenesis in liver. An
alternative hypothesis is that, since adipocytes are now known to secrete many factors that are capable of
exerting systemic effects, the array of factors secreted by intra abdominal adipocytes may be particularly
harmful to systemic insulin sensitivity"'®.

The precise mechanisms underlying insulin resistance are unknown and both peripheral impaired
uptake of glucose by skeletal muscle or adipose tissue ,and hepatic insulin resistance are probably involved.
Several theories have been postulated for peripheral insulin resistance, but the majority involves defects in
insulin binding or insulin receptor substrate proteins in muscle or fat cells®"* In general, once insulin has bound
to it receptor, autophosphorylation of tyrosine residues occurs which triggers an intracellular signaling cascade
that involves several molecules, the most important being insulin receptor substrate-1 (IRS-1) and insulin
receptor substrate-2 (IRS-2).The autophosphorylation of tyrosine may be inhibited by a variety of products of
oxidant stress, inflammation and lipotoxicity leading to insulin resistance. For example, excess triglyceride in
insulin-resistant muscle might lead to elevated diacylglycerol concentrations. Diacylglycerol, in turn, activates
protein kinase C,which can inhibit tyrosine kinase activity of the insulin receptor, as well as tyrosine
phosphorylation of insulin receptor substrate-1 leading to reduced insulin action'®?

The pro inflammatory cytokine production is in diabetes and in case of metabolism have the potential
to influence macrophage cytokine release inducing up regulation of pro inflammatory Cytokines Circulating IL-
6, TNF-& and CRP have been determined as markers of inflammatory response! >

IL-6 is a cytokine which is one of a class of immune system regulators it plays a critical role, along
with other cytokines in acute phase inflammatory response to cellular injury . The pro inflammatory
cytokines IL-6 and TNF-& are common to both TH subsets in human TNF -& and IL-6 mediated damage to
micro- and macrovasicular tissue altered insulin secretion through direct or through stimulation of free fatty acid
production , and altered glucose homeostasis are suggested TL-6 and TNF-& are adipocyte -secreted factors .
The pro inflammatory cytokine production is in diabetes and in case of metabolism have the potential to
influence macrophage cytokine release inducing up regulation of pro inflammatory Cytokines .Circulating IL-6,
TNF-& and CRP have been determined as markers of inflammatory response . IL-6 might play a significant role
in IDDM etiopathogenesis*®

IL-6 levels were found to be increased significantly in any group of the study (P<0.05) .In the present
study is in agreement with *” that diabetic patients have elevated blood levels of IL-6 , which is known to
increase the inflammation and development of vascular disease and atherosclerosis.

Potential mechanisms relating the degree of obesity and circulating CRP level have not clearly
elucidated. It has been suggested that CRP level reflect the amount and the activity of pro inflammatory
cytokines such as tumor necrosis factor —a, IL-1 and IL-6 , which are implicated in the process of atherosclerotic
plaque formation and acute coronary syndrome®®
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In this regard , IL-6 which is induced by both TNF —a and IL-1, has been proposed to play a central
role in the relation ship between CRP and cardiovascular disease *. IL-6 is secreted in several sited including
activated macrophages and lymphocytes but also in adipose tissues. The contribution of adipose tissue in IL-6
secretion has been proposed to be the link between plasma CRP and adiposity , as CRP synthesis in liver is
largely under the control of IL-6,it is possible that this mechanism explains the higher CRP levels in obese
patient.

V.  Conclusion:

There is elevated levels of high hs-CRP in Iraqi patients with atherosclerosis type 2 diabetes than the
low hs-CRP group. The duration of the diabetic disease was found to have no effect on levels of hs-CRP in
Iraqi patients.

There is elevated levels of IL-6 in elevated hs-CRP  in Iraqi patients with atherosclerosis type 2
diabetes than the low level of hs-CRP  group could be the milestone in considering IL-6 as an inflammatory
marker in diagnosis. The elevated the levels of IL-6 which is known to the inflammation and development of
vascular disease and atherosclerosis. C-reactive protein CRP is strongly associated with BMI . The contribution
of adipose tissue in IL-6 secretion has been proposed to be the link between plasma CRP and adiposity. as CRP
synthesis in liver is largely under the control of IL-6. There is Close relationship between elevated CRP and
insulin resistance in type 2 diabetes.
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