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Abstract  

Background: Diabetic Nephropathy (DN) is a major  
complication of diabetes and the leading cause of end-stage  
renal disease that accounts for a large proportion of the excess  
mortality associated with Type-1 Diabetes (T1D). Inflammation  
and endothelial dysfunction have been hypothesized to play  
a role in the pathogenesis of DN. Highly sensitivity C-Reactive  
Protein (hs-CRP) and Interleukin-18 (IL-18) are associated  
with systemic inflammation and have been shown to be  
increased in individuals with Type 1 Diabetic nephropathy.  

Aim of Study:  In our study, we aim to determine the  
association between hs-CRP and IL-18 with nephropathy in  
a sample of type 1 diabetic Egyptian patients.  

Patients and Methods:  This study was conducted on 30  
type-1 diabetic patients (Group I), who subdivided into three  
subgroups according to their urine Albumin Excretion Rate  
(AER); Group IA: 10 patients with AER <20µg/min, Group  
IB: 10 patients with AER ranges from 20-200µg/min. Group  
IC: 10 patients with AER is >200µg/min and 10 healthy  
subjects as a control (Group II). Patients and control were  

subjected to full history taking, full clinical examination,  
Fasting Plasma Glucose (FPG), Glycated Hemoglobin  
(HbA 1 c%), serum creatinine, Urinary Albumin Excretion  
(UAE), Highly-sensitive C-Reactive Protein (hs-CRP) by  
turbidimetry technique and Interleukin-18 (IL-18) by Enzyme-
linked Immunosorbent Assay (ELIZA) technique. This work  
was done during the year 2017.  

Results: There were statistically significant difference  
between control group and diabetic group regarding hs-CRP  
(4.25±6.62, 25.13±23.56), and IL-18 (2.85 ±0.74, 12.68±  
29.12) with (p=0.009, p=0.037) respectively. In diabetic group,  
we found a positive significant correlation (p<0.001, p=0.012)  
between UAE and both; levels of hs-CRP ( r=0.765), and IL-
18 (r=0.453), respectively.  

Conclusion:  Hs-CRP and IL-18 are sensitive markers for  
diabetic nephropathy in type-1 diabetic patients.  
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Introduction  

THE  term Diabetes Mellitus (DM) describes a  
metabolic disorder with heterogenous etiology  
which is characterized by chronic hyperglycemia  
and disturbances of carbohydrate, fat and protein  
metabolism resulting from defects in insulin secre-
tion, insulin action, or both. The long-term rela-
tively specific effects of diabetes include develop-
ment of retinopathy, nephropathy and neuropathy.  
People with diabetes are also at increased risk of  
cardiac, peripheral arterial and cerebrovascular  
disease [1] .  

The American Diabetes Association Committee  
recommends the term type 1A diabetes for immune  
mediated diabetes with its destruction of the islet  
β cells of the pancreas, non-immune mediated  
diabetes with severe insulin deficiency is termed  
type 1B. At present, the development of Type 1  
Diabetes (T1D) is a life sentence to a difficult  
therapeutic regimen that is only partially effective  
in preventing acute and chronic complications [2] .  

Type 1A diabetes develops from a chronic  
autoimmune process leading to absolute insulin  
deficiency and proneness to ketosis. Prospective  
studies have clearly shown that intensive insulin  
therapy results in improved quality of life and  
reduced development of diabetes-associated micro-
vascular and macrovascular complications  [3] .  

Diabetic kidney disease, or Diabetic Nephrop-
athy (DN) is a major complication of diabetes and  
the leading cause of end-stage renal disease that  
requires dialysis treatment or kidney transplanta- 
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tion. In addition to the decrease in the quality of  
life, DN accounts for a large proportion of the  
excess mortality associated with T1D [4] .  

Progressive nephropathy represents a substantial  
source of morbidity and mortality in T1D. Increas-
ing albuminuria is a strong predictor of progressive  

renal dysfunction and heightened cardiovascular  

risk. Early albuminuria probably reflects vascular  

endothelial dysfunction, which may be mediated  

in part by chronic inflammation [5] .  

The concept of the underlying pathophysiologic  
processes leading to DN has evolved tremendously.  
In the classical view, renal injury in these patients  

is explained by metabolic and hemodynamic alter-
ations, which increase systemic and intraglomerular  

pressure, and by the modification of molecules  

under hyperglycemic conditions. This view has  
evolved to a much more complex scenario, where  
the pathogenesis of DN appears as multifactorial,  

with both genetic and environmental factors trig-
gering a complex series of pathophysiological  
events. Intensive research in recent years on the  
etiology of DN at the cellular and molecular level  
has given rise to inflammation as a key pathophys-
iological mechanism [6] .  

Understanding the key features of inflammatory  
mechanisms involved in the development and  
progression of diabetic kidney injury will enable  

the identification of new potential targets and  

facilitate the design of innovative anti-inflammatory  

therapeutic strategies [7] .  

Several acute-phase inflammatory markers have  

been reported to be increased in T1D. Highly  

sensitivity C-Reactive Protein (hs-CRP) is an acute-
phase protein that is associated with systemic  

inflammation and has been shown to be increased  
in individuals with coronary artery disease. In  

many studies, hs-CRP was elevated in newly diag-
nosed youth and adults with T1D [8] .  

Interleukin-18 (IL-18) is one of type 1 cytokines  
primarily produced by macrophages and closely  

related to the IL-1 family of cytokines. It was  

shown that IL-18 played a key role in the generation  

of type 1 cytokines responses by up-regulating the  

interferon (IFN)- γ  production from T cells and  
natural killer cells through a concerted action with  

IL-12. An up-regulated production of IL-18 could  

therefore be an important pathogenic event in the  
dysregulated production of IFN- γ  and other type  
1 cytokines thought to predispose immunoinflam-
matory diseases such as Type 1 Diabetes Mellitus  
(T1 DM). It was recently reported that IL-18 serum  

levels are increased in the subclinical stage of  

T1DM in first-degree relatives of T1DM patients  
indicating that IL-18 could play a part in the patho-
genesis of T1 DM [9] .  

It was estimated that in 2017 there are 451  

million (age 18-99 years) people with diabetes  
worldwide. These figures were expected to increase  

to 693 million by 2045. It was estimated that almost  

half of all people (49.7%) living with diabetes are  
undiagnosed. Moreover, there was an estimated  

374 million people with Impaired Glucose Toler-
ance (IGT) and it was projected that almost 21.3  

million live births to women were affected by some  
form of hyperglycaemia in pregnancy. In 2017,  
approximately 5 million deaths worldwide were  

attributable to diabetes in the 20-99 years age  

range. The global healthcare expenditure on people  

with diabetes was estimated to be USD 850 billion  
in 2017 [10] .  

Subjects and Methods  

The present study was conducted on 40 indi-
viduals; 30 of them are type 1 diabetic patients  

and 10 are normal individuals, they were selected  

from patients attending the outpatient clinics of  

Internal Medicine Department in Beni-Suef Uni-
versity Hospital. The current work was done during  
the year 2017. A written consent was taken from  

each person included in this study whether in  
patients' group or normal control group.  

The individuals were divided into 2 main groups:  
I- Diabetic group: 30 patients with type-1 dia-

betes mellitus, their ages ranged from 16-39 years  

old with a mean of 26.966 ±7.35 years. They were  
subdivided into 3 subgroups according to their  
urine Albumin Excretion Rate (AER);  
-  Subgroup A:  10 (4 females and 6 males) type-1  

diabetic patients with AER less than 20µg/min  
(normoalbuminurea), their ages ranged from 16- 
31 years old with mean of (21.5 ±5.83) years and  
the main duration of DM ranged from 3-14 years  
with mean of (6.3 ±3.301) years.  

-  Subgroup B:  10 (7 females and 3 males) type-1  
diabetic patients with AER ranges from 20-200µg/  
min (microalbuminurea), their ages ranged from  

17-36 years old with mean of (25.2 ±6.528) years  
and the main duration of DM ranged from 7-11  
years with mean of (8.9 ± 1.197) years.  

-  Subgroup C: 10 (5 females and 5 males) type-1  
diabetic patients with AER more than 200µg/min  
(macroalbuminurea), their ages ranged from 30- 
39 years old with mean of (34.2 ±2.87) years and  
the main duration of DM ranged from 10-24 years  

with mean of (15.6±4.788) years.  
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II- Control group:  10 normal healthy individuals  
(7 females and 3 males) with ages ranged from 13- 
28 years old with mean of (19.4±5.165) years with  
age matching as a control.  

Exclusion criteria:  

Type-1 diabetic patients on dialysis.  

Methods:  
Patients and controls were subjected to the  

following:  
I- History taking:  Including drug history with  

insulin dose and other drugs if found in particular;  

antihypertensive drugs intake, course of the disease  

and complications if found, history of administra-
tion to hospitals and family history of diabetes.  

II- Full clinical examination: Including: General  
examination, chest, heart, abdomen and neurolog-
ical examination.  

III- Laboratory investigations: Sample collec-
tions: An overnight fasting (8-10 hours) venous  

blood sample was collected from each subject  

using a sterile plastic syringe. One portion of the  

collected blood was taken on Ethylene-Diamine-
tetra-Acetic Acid (EDTA) containing tube for  

measurement of HbA 1c%. The remainder of the  
blood was allowed to clot for 10-20 minutes at  
room temperature then centrifuged for 20 minutes  

at the speed of 2000-3000r.p.m to separate the  

serum. One portion of the serum was used imme-
diately for the measurement of FPG and creatinine.  

The other portion was stored in epindorph tubes  

in a deep freeze at –20ºC till tested for hs-CRP  

and IL-18. Serum samples are stable for 7 days at  

2-8ºC or 3 months at –20ºC. Urine samples were  
taken from patients in tubes then centrifuged for  

20 minutes at the speed of 2000-3000r.p.m and  

examined for microalbuminurea within a week.  

Biochemical assays:  

Fasting Plasma Glucose (FPG), Glycated he-
moglobin (HbA1c%), serum creatinine, Urinary  
Albumin Excretion (UAE) and highly-sensitive C-
Reactive Protein (hs-CRP) by turbidimetry tech-
nique. The CRP-ultra sensitive is a quantitative  

turbidimetric test for the measurement of low levels  

of CRP in human serum or plasma.  

Interleukin-18 (IL-18) level was measured by  
Enzyme-Linked Immunosorbent Assay (ELIZA)  
technique. The Human IL-18 ELISA Kit is based  
on sandwich ELISA and can measure human IL-
18. Serum were stored at 20ºC before processing  

and equilibrated with room temperature before  

testing. All previously mentioned biochemical  
assays were done for all samples of the study  

groups. For all biochemical assays, the manufac-
turer instructions were followed.  

Statistical analysis:  

Data were collected, verified, revised then  

edited on personal computer. Data were coded and  
entered using the statistical package SPSS (Statis-
tical Package for the Social Science; SPSS Inc.,  

Chicago, IL, USA) Version 22.  

Results  

Comparison between diabetic patients and  
control group:  

Data of the present study showed a highly  

statistically significant differences regarding; the  

duration of diabetes, Systolic Blood Pressure (SPB)  

and Diastolic Blood Pressure (DPB). On the other  

hand, it shows non significant differences regarding;  

age and sex (Table 1).  

Table (1): Comparison between diabetic groups and control group regarding the different  

variants.  

Variable  Control group  
Mean ±  SD  

Diabetic group  
Mean ±  SD  

F  p  Sig.  

Age (year)  19.4±5.16  26.96±7.35  1.98  0.07  N.S  
Sex:  

Male  3  14  >0.05  N.S  
Female  7  16  

SBP (mmHg)  109.5±7.61  130.5± 14.08  27.94  <0.001  H.S  
DBP (mmHg)  71.5±7.09  76.5±8.75  13.53  <0.001  H.S  
HbA 1c%  5.13±0.66  7.56± 1.96  6.24  <0.001  H.S  
UAE (µg/min)  6.54±8.37  132.05± 173.45  24.4  0.007  Sig  
S.Creatinine (mg/dl)  0.79±0.19  1.5± 1.29  9.08  0.096  N.S  
Hs-CRP (mg/l)  4.25±6.62  25.13±23.56  20.23  0.009  Sig  
IL-18 (ng/l)  2.85±0.74  12.68±29.12  3.13  0.037  Sig  

p>0.05: Non-Significant (N.S). p<0.05: Significant (Sig). p<0.001: Highly Significant (H.S).  
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Also, there was statistically significant differ-
ences between diabetic group and control group  

regarding; UAE, hs-CRP and IL-18, and shows a  

highly significant difference regarding; HbA1c  and  
FPG. While it shows statistically non significant  
differences regarding; serum creatinine (Table 1).  

Comparison between diabetic groups regarding  
the demographic, clinical and laboratory variants:  

Our study results show statistically highly signif- 

icant differences between diabetic subgroups re-
garding; age, duration of diabetes, SPB and DPB,  
and shows statistically non significant differences  

regarding; sex (Table 2).  

Also, our results showed highly statistically  
significant differences between diabetic subgroups  

regarding; UAE, serum creatinine and hs-CRP,  

while it shows non significant differences regard-
ing; HbA 1 c, FPG and IL-18 (Table 2).  

Table (2): Comparison between diabetic groups regarding the different variants.  

Variable  
Diabetic subgroup (A)  
(Normoalbuminuria)  

Mean ±  SD  

Diabetic subgroup (B)  
(Microalbuminuria)  

Mean ±  SD  

Diabetic subgroup (C)  
(Macroalbuminuria)  

Mean ±  SD  

Age (year)  21.5±5.3 8  25.2±6.52  34.2±2.78#@  

Duration of DM (year)  6.3±3.3  8.9± 1.19#  15.6±4.78#@  

SBP (mmHg)  121 ±7.74  130.5± 10.65  141.56#@  

DBP (mmHg)  77.5±5.4  80±8.16  89±3.16#@  

HbA 1 c%  7.53±2.612  7.96±2.15  7.19±0.78  

FPG (mg/dl)  406.9± 145.05  340.7± 112.43  279.3± 138.31  

UAE (µg/min)  5.45±4.57  49.2±30.13#  341.5± 147.77#@  

S. Creatinine (mg/dl)  0.78±0.23  0.78±0.25  2.94± 1.36#@  

Hs-CRP (mg/l)  10.84± 12.86  14.09± 16.29  50.48± 16.8#@  

IL-18 (ng/l)  4.5±4.39  3.5± 1.29  30.05±47  

#: Significant as compare to diabetic subgroup (A).  
@: Significant as compare to diabetic subgroup (B).  

By comparing diabetic groups, we found that;  

by increasing the duration of diabetes, (UAE, SPB  

and DPB) are accompanied by higher levels of hs-
CRP and serum creatinine with no significant  

changes in IL-18 levels. This suggests the role of  
hs-CRP as an indicator of nephropathy and micro-
vascular complications in type-1 DM in addition  

with the role of hypertension.  

Current study data revealed a statistically sig-
nificant difference between subgroup A and sub-
group B regarding the duration of DM. Also, it  
shows a highly statistically significant difference  

regarding UAE, and shows a non significant dif-
ferences regarding; age, SPB, DPB, HbA 1 c

, FPG,  
serum creatinine, hs-CRP and IL-18 (Table 2). By  

comparing between diabetic subgroup C and sub-
group B, results of the present study demonstrated  

highly statistically significant differences regarding  

(age, duration of DM, SPB, DPB, UAE, serum  

creatinine and hs-CRP) and show non significant  

differences regarding (FPG, HbA 1c  and IL-18)  
(Table 2).  

We found that diabetic patients with macroalbu-
minuria had greater concentrations of inflammatory  
parameters (hs-CRP) than normo-or micro-
albuminuric patients with type-1 DM with highly  
statistically significant differences (p<0.001) and  
we discovered that although IL-18 levels in mac-
roalbuminuric type-1 diabetic patients were greater  
than which in normo-or micro-albuminuric patients,  

still with statistically non significant differences.  

For blood pressure measures we found that  
micro-and macroalbuminuric patients have elevated  

levels of BP than normoalbuminuric patients giving  
us a question about the role of hypertension in  

microvascular complications assisting the chronic  

inflammation role in developing DN.  
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Correlations:  

Using the Spearman's rank correlation coeffi-
cient (rho) test for correlations and taking the 30  

diabetic patients as one group, there is a strong  
positive correlation between UAE and levels of  

hS-CRP a correlation coefficient ( r) of 0.765,  
(p<0.001) and between serum creatinine levels and  

levels of UAE (r=0.84, p<0.001) Fig. (1).  

In addition, there is a moderate positive corre-
lation between duration of DM and levels of hS-
CRP (r=0.687, p<0.001), between UAE and levels  
of IL-18. (r=0.453, p=0.012), between duration of  
DM and levels of IL-18 (r=0.44, p=0.015), between  
duration of DM and levels of UAE (r=0.686,  
p<0.001), between UAE and levels of SBP (r=  

0.634, p<0.001) and between UAE and levels of  
DBP (r=0.597, p<0.001) Fig. (2).  

Also, it was found a weak positive correlation  
between levels of hs-CRP and levels of IL-18 ( r=  
0.339, p=0.067). Meanwhile, it was found a nega-
tive moderate correlation between HbA 1c  levels  
and levels of UAE (r=0.046, p=0.809) Fig. (3).  

Systolic and diastolic blood pressure showed  
a significant positive correlation with UAE ( r=  
0.634, p<0.001) and (r=0.597, p<0.001) respec-
tively as studies proved that hypertension was  

present in approximately one third of patients with  

type 1 diabetes, while hypotension was detected  

only in severe autonomic neuropathy causing pos-
tural hypotension in type 1 diabetic patients.  

Microalbuminurea  Hs-CRP  

Microalbuminurea:  
• Pearson Correlation  

coefficient (r)  
1  0.765  

• Sig. (2-tailes)  <0.001  
• N  30  30  

Hs-CRP:  
• r  0.765  1  
• Sig. (2-tailed)  <0.001  
• N  30  30  

hs-CRP  

Fig. (1): Correlation between hs-CRP and UAE: This figure shows a significant positive correlation between UAE and hs-CRP.  

IL-18  Microalbuminurea  

IL-1 8:  
• r  1  0.453  
• Sig. (2-tailes)  0.012  
• N  30  30  

Microalbuminurea:  
• r  0.453  1  
• Sig. (2-tailed)  0.012  
• N  30  30  

Fig. (2): Correlation between IL-18 and urinary albumin excretion: This figure shows a moderate positive correlation of UAE  

with IL-18.  
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IL-18  Hs-CRP  

IL-18:  
• r  1  0.339  
• Sig. (2-tailes)  0.067  
• N  30  30  

Hs-CRP:  
• r  0.339  1  
• Sig. (2-tailed)  0.067  
• N  30  30  

hs-CRP  
Fig. (3): Correlation between IL-18 and hs-CRP: This figure shows a weak positive correlation of hs-CRP with IL-18.  

Discussion  

The present study was designed to determine  
the role of Interleukin-18 and highly sensitive C-
reactive protein in diabetic nephropathy in type-
1 diabetic patients. The current study results indi-
cate that diabetic patients showed significantly  
higher levels of hs-CRP and IL-18 than did the  
controls. Mahmoud et al., [11]  reported that after  
doing a cross-sectional study on 65 diabetic patients  
[30 with type 1 Insulin Dependent Diabetes Mellitus  
(IDDM) and 35 with type 2 Non-Insulin Dependent  
Diabetes Mellitus (NIDDM)] the levels of IL-18  
were significantly higher in both IDDM and NID-
DM individuals as compared to the control group.  

Similarly, IL-18 levels in patients with diabetic  
nephropathy increased gradually according to the  
clinical stage of the disease, being highest in mac-
roalbuminuric stage suggesting that high serum  
levels of IL-18 might play a role in the pathogenesis  
of DM and in the development of nephropathy in  
diabetic patients whether of type 1 or type 2.  

Moreover, Coulon et al., [12]  reported that after  
doing a cross-sectional study on 126 patients of  
type-1 diabetes with group having diabetic neph-
ropathy that hs-CRP concentrations were signifi-
cantly higher in these type-1 diabetic patients than  
in the controls and he discovered significant cor-
relations between hs-CRP and age or duration of  
diabetes and he discovered that levels of hs-CRP  
were 3-fold greater in diabetic patients without  

complications than in controls and 5-fold greater  
in diabetic patients with subclinical complications  

as nephropathy suggesting that hs-CRP therefore  
appears to be an interesting indicator of the risk  
for developing complications.  

Recently, Yaribeygi et al.,  [13]  stated that IL18  
as an inflammatory marker was expressed in renal  
tissues and upregulated by several stimuli including  

hyperglycemia, they also mentioned that urinary  
IL18 was positively correlated with the progression  
of diabetic nephropathy and urinary albumin ex-
cretion rate.  

However, Zachwieja et al., [14]  found normal  
IL-18 concentrations in type-1 diabetic patients  
compared to control group in a study was done on  

22 type-1 diabetic children and 22 controls. This  

could be due to the difference in the patients ages  
between their study and ours and or due to the  
differences in the methods of measurements.  

Also, Picardi et al., [15]  reported that no differ-
ences in the concentrations of hs-CRP between  
recent onset type-1 DM patients and controls, but  
hs-CRP levels were significantly increased in these  
patients after 12 months of intensive insulin therapy  
showing that, despite good metabolic control, 1  
year of overt T1DM is sufficient to increase hs-
CRP levels. This could be due to the difference in  
the duration of diabetes between their study and  
ours.  

In our study we noted that low-grade inflam-
mation as determined by serum hs-CRP was already  
present in the early stage of microalbuminuria,  
when patients with type-1 DM developed albu-
minuria, we observed that those with macro-
albuminuria had greater concentrations of inflam-
matory parameters; hs-CRP, than normo–albuminu-
ric patients with type1 DM. The mean levels of  
hs-CRP have higher statistically significant differ-
ences in macroalbuminuric and microalbuminuric  
patients compared to normoalbuminuric patients.  

Overgaard et al., [16]  reported that low-grade  
inflammation was already present in the early stage  
of microalbuminuria and low-grade inflammatory  
markers could serve in predicting initiation, and  
the progression of diabetic nephropathy as it pre-
dicted the development of micro- and macroalbu- 
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minuria supporting the theory that inflammation  
is involved in the progression of diabetic nephrop-
athy. His study was on 60 type-1 DM patients  

where 20 developed microalbuminuria followed  

by macroalbuminuria and 40 stayed normoalbu-
minuric during approximately 30 years of follow-
up time was used to evaluate baseline levels of hs-
CRP.  

Also, Marcovecchio et al., [17]  who proved that  
hs-CRP levels were significantly higher in type-
1 diabetic patients with micro-albuminurea when  
compared with normoalbuminuric type-1 diabetic  
patients.  

Recently, Liu et al., [18]  confirmed that the  
levels of hs-CRP are higher in macro-albumiuria  
than micro-albumiuria and normo-albuminuia  
groups, and it could be used as an indicator of  
progression of diabetic nephropathy in diabetes  
mellitus patients. Moreover, Varma et al., [19]  
reported that hs-CRP levels were significantly  

correlated to the fasting blood glucose, two hours  

post prandial, HbA1C  and urinary microalbuminu-
ria. And they stated that it may increase the micro-
angiopathic complications of diabetes mellitus.  

Conversely, Hansen et al., [20]  reported higher  
CRP concentrations in patients with normoalbu-
minuria or microalbuminurea than macroalbuminu-
ria. hs-CRP were measured in 1,564 type 1 diabetes  

patients showed that hs-CRP levels were signifi-
cantly associated with progression from normal  

albumin excretion rate to microalbuminuria, but  

the association was only borderline significant  

after adjustment for macroalbuminuria. This could  

be due to the difference in the patients ages and  

race between their study and ours.  

Results of the present study showed that the  

mean levels of IL-18 in the three diabetic subgroups  
were (4.5±4.396) ng/l, (3.5 ± 1.29) ng/l, and (30.05  
±47.009) ng/l in patients with normo-albuminuria,  

microalbuminuria and macro-albuminuria respec-
tively with borderline significant difference be-
tween the three groups (p=0.064). Kuryliszyn et  
al., [21]  found that IL-18 levels increase with mac-
roalbuminuria as diabetic patients with severe  

microvascular changes and nephropathy showed  

significantly higher IL-18 level.  

In addition, Fujita et al., [22] showed that IL-
18 and hs-CRP were significantly elevated only in  
the severe nephropathy group but did not signifi-
cantly elevate in other diabetic complications  

suggesting effect of IL-18 on glomerulus in addition  

to its proinflammatory effect and proposed that  

IL-18 has a specific role that contributes more  

closely to the progression of diabetic nephropathy  

than other diabetic complications.  

However, Altinova et al., [23]  reported that IL-
18 does not differ in diabetic nephropathy group  
comparison to patients without microvascular com-
plications but he noted that IL-18 levels were  
elevated in all type-1 diabetic patients compared  

to control group. Furthermore, Moriwaki et al.,  

[24]  showed higher IL-18 concentrations in patients  

with micro-albuminuria than macro-albuminuria.  
This could be due to the difference in the experi-
mental duration of diabetes between their study  

and ours and or due to the differences in the meth-
ods of measurements.  

By using the Spearman rho test for correlations  

between the diabetic groups, we found that there  

was a positive significant correlation between hs-
CRP, IL-18 and duration of DM. This indicates  
that the extent of inflammatory cell accumulation  

in the kidney is closely associated with DN. Indeed,  

inhibition of inflammatory cell recruitment into  

the kidney has been shown to be protective in  
experimental diabetic nephropathy [6] . Coulon et  
al., [12]  conducted their study on 126 type-1 diabetic  
patients to investigate whether high sensitivity hs-
CRP levels are elevated in young T1D patients and  
to determine the relationships with age, degree of  
metabolic control determined by glycated hemo-
globin (HbA 1 c), and subclinical complications  
found that significant correlations were observed  

between hs-CRP and age or duration of diabetes  
with no correlation was observed between hs-CRP  

levels and glycaemia; HbA 1 c, suggested that chron-
ic exposure to glucose could stimulate the produc-
tion of hs-CRP.  

Also, Marcovecchio et al., [17]  found that the  
duration of diabetes was independently related to  
hs-CRP suggested that chronic exposure to glucose  
could stimulate the production of hs-CRP as there  

was a significant increase in hs-CRP levels after  

the onset of microalbuminurea, likely reflecting a  

general state of inflammation. In addition, Altinova  

et al., [23]  found that the duration of diabetes was  

independently related to IL-18 suggested that chron-
ic exposure to glucose could stimulate the produc-
tion of IL-18.  

On the other hand, Kilpatrick et al., [25]  showed  
that the duration of diabetes was unrelated to level  

of hs-CRP in study done on 167 type 1 patients  
with different duration of disease. This could be  

due to the difference in the experimental duration  

of diabetes between their study and ours.  
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Our results showed a weak correlation found  

between hs-CRP and IL-18. In our study IL-18  
might not be a predictor of progression of diabetic  

nephropathy with hs-CRP. Our results disagree  

with Nakamura et al., [26]  whose study was con-
ducted on 82 diabetic patients were randomly  

assigned, they found that CRP elevation was pos-
itively correlated to IL-18 elevation suggesting  

that IL-18 might be a predictor of progression of  
diabetic nephropathy.  

Our study data showed that the Association  

between UAE and the levels of inflammatory mark-
ers of hs-CRP and IL-18 was found with a signif-
icant positive correlation. This indicates that the  

extent of inflammatory cell accumulation in the  

kidney is closely associated with DN. Indeed,  
inhibition of inflammatory cell recruitment into  

the kidney has been shown to be protective in  
experimental diabetic nephropathy. Together, these  

results suggest that inflammation may be a patho-
genic factor for the development and progression  
of DN.  

Marcovecchio et al., [17]  reported that after  
doing a study on 98 patients with T1DM and further  
divided into 2 groups; normoalbuminurics and  
patients with development of microalbuminuria of  

49 patients each. Serum concentrations of hs-CR  
had been analyzed and studied their correlation  

with proteinuria showing a progressive rise in hs-
CRP levels significantly in the years after the onset  

of the development of microalbuminuria when  
compared with levels before development of micro-
albuminuria onset. Also, Mojtahedi et al., [27]  who  
found high levels of inflammatory markers; hs-
CRP in 87 diabetic patients when were correlated  

to the albumin excretion in urine, microalbuminuria  
is accompanied by elevated HS-CRP, suggesting  

activation of inflammatory pathways in progression  
of renal and cardiovascular atherosclerotic disease.  

Data of the present study showed non-
significant relationship between UAE and HbA1c  

levels. This is in accordance with Cizmecio˘glu et  
al., [28]  who proved that association between urine  
albumin excretion and HbA 1c are not independent.  
On the other hand, Oslen et al., [29]  have reported  
that urine albumin excretion had a significant  

association with HbA 1c .  

Our results showed a weak correlation between  

serum creatinine and albuminuria. Krolewski et  

al., [30]  proved that the association between urine  

albumin excretion and serum creatinine are inde-
pendent. The present study showed a positive  

significant correlation found between hypertension  

and albuminuria. Lithovius et al., [31]  found that  
the prevalence of hypertension was 1.2% in the  

normoalbuminuric, 4.7% in the microalbuminuric,  

28. 1% in the macroalbuminuric, 36.6% in the  
dialysis, and 26.3% in the kidney transplant groups  
in his study.  

In addition, Chillaron et al., [32]  found that  
hypertension was present in approximately one  

third of patients especially in men, those with  

microangiopathy, overweight or obesity, older age  

and longer diabetes duration and they noticed that  

hypertension prevalence increased in parallel to  

the degree of renal impairment.  

In conclusion, the study confirmed that the hs-
CRP and IL-18 are sensitive markers of diabetic  
nephropathy in type-1 diabetic patients. Also, the  
study confirmed the increased concentrations of  
hs-CRP and IL-18 in type-1 diabetic patients and  

the significant association between them and UAE  

represent the start of inflammatory process of  

nephropathy and the levels of inflammatory cy-
tokines increase with the development of kidney  

damage. So hs-CRP and IL-18 can be used as  
markers for predicting diabetic nephropathy in  
type-1 diabetic patients.  
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