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ABSTRACT 
 

BACKGROUND: Diabetes Mellitus is an increasingly common disease which is the leading cause of 
serious cardiovascular, renal, neurological and retinal complications. It has been proposed that inflammatory 
process has a causal role in the development of diabetes. OBJECTIVE: The aim of this study was to investigate 
the association of inflammatory markers in type I diabetic children and adolescents with glycaemic status, 
cardiovascular risk factors and kidney function. SUBJECTS AND METHODS: This study included 64 
children and adolescents with type-1 diabetes mellitus (T1D) aged between 4 and 15 years (selected randomly 
from the Diabetic Institute in Egypt) and 60 age and sex-matched healthy children attending the Paediatric 
Clinic at the National Research Centre who served as non- diabetic controls (NDC). Detailed history, full 
clinical examination including blood pressure measurement, and fasting venous blood sample was collected. 
Assessment of fasting blood sugar, glycated hemoglobin (HbA1c), lipid profile, serum sialic acid, leptin, IL2, 
IL8, interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), blood urea and creatinine were performed to all 
patients and controls. RESULTS: Inflammatory markers (sialic acid, leptin, IL-2, IL-8 and TNF-α) and serum 
lipid profile (TC, LDL and triglyceride) are significantly higher in T1D subjects compared with non- diabetic 
controls (NDC) (p < 0.05). The multivariate linear regression analysis revealed high significant positive 
association between serum sialic acid with all types of lipid profile studied (p < 0.001). Statistical significant 
higher levels of sialic acid, IL-2, IL-8 and TNF-α were found in subjects with poor glycaemic control. 
Significant positive association was detected between serum IL-8 and TNF-α with blood urea and creatinine (p 
< 0.05). CONCLUSIONS: Results indicate a clear relationship between inflammatory markers and type 
1diabetes, including its macro and micro-vascular complications as cardiovascular risk and impaired kidney 
function. Inflammation is the critical determinant in predicting the disease and its outcome, and inflammatory 
markers can be used as sensitive markers for early detection of diabetic complications in type 1 diabetics. 
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Introduction 

 
Diabetes is one of the most common endocrine and metabolic conditions in childhood. Incidence is rapidly 

increasing especially among the youngest children. This disease has reached epidemic proportions and has 
become one of the most challenging health problems of the 21st century (Gale 2002 ; Ross 2003). In USA, 
during 2002–2005, 15,600 youth were newly diagnosed with type 1diabetes (T1D) annually, and 3,600 youth 
were newly diagnosed with type 2 diabetes (T2D) annually. Among youth aged <10 years, the rate of new cases 
was 19.7 per 100,000 each year for type 1 diabetes and 0.4 per 100,000 for type 2 diabetes. Among youth aged 
10 years or older, the rate of new cases was 18.6 per 100,000 each year for type 1 diabetes and 8.5 per 100,000 
for type 2 diabetes (CDC. National diabetes fact sheet 2001 ; The Search for Diabetes in Youth Study Group 
2009). A linear increase in diabetes incidence could result in a substantial increase in the number of youth with 
T1D and T2D over the next 40 years (Imperatore et al., 2012). In Eastern Mediterranean and Middle East,  the 
largest contribution to the total number of estimated childhood type 1 cases for this region comes from Egypt 
whose estimate accounts for almost a quarter of the region’s total. In Egypt the incidence of type 1 diabetes is 
reported as 8 per 100,000 populations per year for those aged 14 years and under, while in Pakistan it is less 
than 1 per 100,000 populations (Kyvik  et al., 2004).   

Type one diabetes (T1D) is a complex T cell-mediated autoimmune disease, the defining feature of which is 
the destruction of the insulin-secreting beta- (β) - cell. Both genetic and environmental factors combine to 
precipitate disease, and the outcome of the pathological process is dependent on multiple inter-related factors. β-
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cell's response to stress and inflammation is the critical determinant in predicting disease outcome. A delicate 
balance exists between regulation and inflammation at the site of islet infiltration (Hyttinen et al., 2003) .  

The reaction to, and by, the β-cell to the immune system is what dictates the overall outcome in T1D. The 
disease is complex and involves multiple immune cell types—of which CD4+ and CD8+ T-cells, as well as 
macrophages play a key role—that coordinate over time to bring about β-cell death. β-cell death and 
dysfunction are a likely result of both direct  (contact cell as CTL and fatty acid synthase – fatty acid synthase 
ligand “FAS–FASL” interactions) and indirect (cytokines, endoplasmic reticulum “ER” stress, and 
hyperglycemia) immune and metabolic factors (Bending et al., 2012) . Three cytokines have been reported to be 
the most likely to impact on the β-cell (IFN-γ, TNF-α  and IL-1β) (Feuerer  et al., 2009)  

Sialic acid is the terminal sugar of the oligosaccharide chain of acute-phase proteins. It is a molecule 
attached to acute-phase proteins, such as fibrinogen, that is why both inflammatory markers are closely related. 
In the general population, elevated levels of sialic acid have been shown to be a strong predictor of 
cardiovascular disease (CVD) (Lindberg et al., 1992; Crook et al., 2001). Since patients with type 1 diabetes 
have a higher risk of developing macro and microvascular complications, sialic acid and/or fibrinogen could 
potentially explain this increased risk (Soedamah-Muthu et al., 2008). 

Leptin is a metabolic protein produced by adipose tissue, and both leptin levels and leptin receptor levels 
have been reported to be increased in individuals with type 1 diabetes (Bideci et al., 2002; Kratzsch et al., 
2004). Leptin regulates food intake via brain signaling of satiety and energy store levels and is paradoxically 
increased with obesity, with obese individuals appearing to be resistant to the effects of leptin (Otero et al., 
2005; Oral 2012). In addition to its role in regulating metabolism, leptin has been recognized as a 
proinflammatory agent (Otero et al., 2006- A), and leptin levels have been shown to regulate inflammatory 
processes and immune cells (Otero et al., 2006- B). 

To the best of our knowledge, these inflammatory markers have not been prospectively examined in 
relation to a wide range of vascular complications in patients with type 1 diabetes. The aim of this study was to 
investigate the association of inflammatory markers in type I diabetic children and adolescents with glycaemic 
status, cardiovascular risk factors and kidney function.  

 
Materials and Methods 

 
This study included 64 children and adolescents with type-1 diabetes mellitus (T1D) aged between 4 and 15 

years (selected from the Diabetic Institute in Egypt) and 60 age and sex-matched healthy children attending the 
Paediatric Clinic at the National Research Centre that served as non-diabetic controls (NDC). Diagnosis of type 
1 diabetes mellitus was based on the World Health Organization (WHO) and the American Diabetes Association 
(Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 1998). Informed 
written consents were obtained from the parents of all the children. All children were subjected to: 

1- Detailed history including the onset of and disease duration which was defined from the day of initial 
diagnosis of diabetes to the day of blood collection in the study. Children with any diabetic complications, such 
as nephropathy, neuropathy or retinopathy, acute or chronic diseases were excluded from this study. 

2- Full clinical examination including anthropometrical measurements; height (cm), weight (Kg), BMI 
was calculated as weight in kilograms divided by height in meters squared (Kg/m²). 

3- Blood pressure was measured using standard mercury sphygmomanometer. Two readings were 
recorded on the right arm of the children and second reading was used in analysis. 

4- A fasting venous blood sample was collected at 8 to 9 AM before breakfast following an overnight fast 
(12 to 14 hours). Serum sample were immediately centrifuged, divided and stored at -20 degree until analysis. 
Blood glucose was detected using kits of Bio Merieux-69280. Total cholesterol (TC) and triglycerides (TG) 
were measured by quantitative enzymatic calorimetric technique (Titez 1982) using Bio Merieux Kit No. 61224 
and No61234, respectively. Serum High density lipoprotein - cholesterol (HDL) was measured by the 
phosphotungstate precipitation method (Lopez-Virella et al., 1977). using Merieux Kit. Serum low density 
lipoprotein (LDL) was calculated using the Friedewald formula (LDL = total cholesterol – HDL – 
triglyceride/5) (Friedewald et al., 1972). 

5- Glycated hemoglobin (HbAlc) was assessed using quantitative colorimetric assay with cation exchange 
resin chromatography using Stanbino No 0350 HbAlc  Kit produced by Stanbino Laboratory (USA) .Coefficient 
variation (CV) within run =1.7% - 2.7%, between run in precision = 4.1-4.7% . The cut off HbAlc level for poor 
glycemic control was defined as ≥ 7% (American Diabetes Association, 2012) 

6- Serum IL-2, IL-8, IFN-γ and TNF-α were measured using commercially available enzyme- linked 
immunosorbent assay kits. Cytelisa kit for INF-γ and TNF-α   (Cytimmune sciences INC, USA) and Accucyte 
kit for IL-2 determination ( Cytimmune sciences INC,USA ) were used. 

7- Serum sialic acid (TSA) was measured by high performance liquid chromatography (HPLC) assay 
using standards of sialic acid, which prepared from sialic acid (Sigma,USA) dissolved in the appropriate buffer 
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8- Serum leptin was determined by enzyme-linked immunosorbent assay (ELISA) using kits purchased 
from Diagnostic Laboratories, Los Angles 

9- The levels of serum creatinine and urea were determined by Henry, 1974 and Gutman & Bergmeyer, 
1974 respectively using Boehringer quantitative diagnostic kits. 
 
Statistical analysis: 

 
Statistical analysis was performed using statistical package for social sciences (SPSS) version 16 for 

Windows. Numerical data was presented as mean ± SD. Comparison of variables was performed with the 
general linear model, student t test. Pearson's correlation coefficient and regression analysis were used to 
describe the association between different variables. Multiple linear regression analysis was done to identify the 
influence of multiple variables on a dependent variable. Statistical significance was assumed at p < 0.05. 
 
Results: 

 
The study population included 124 individuals (64 Type 1 diabetic and 60 non diabetic). Age ranged from 4 

– 15 years with a mean of 9.67 ± 2.64. Of the diabetic subjects, 56.2 % were males and they constitute 53.3 % of 
the non- diabetic.  

Table (1) shows the mean and the standard deviation of different variables studied comparing them between 
subjects of type 1 diabetes (T1D) and non- diabetic controls (NDC). A significant statistical difference were 
found between T1D and NDC as regard to the body mass index (BMI), (mean was 19.01 ± 3.63 & 16.60 ± 0.93 
respectively, with a p < 0.001), fasting blood sugar, haemoglobin A1C, blood urea and serum creatinine. Lipid 
profile and inflammatory markers were studied in Table (2). Serum total cholesterol (TC), low density 
lipoprotein (LDL), and triglyceride (TG) were all significantly higher in T1D than NDC (p was < 0.05). High 
density lipoprotein (HDL) was significantly higher in NDC than in T1D (p was < 0.05). The same results were 
found with the inflammatory markers: serum sialic acid, leptin, interleukine-2 (IL-2), interleukine-8 (IL-8), and 
tumour necrosis factor-α (TNF-α) were significantly higher in T1D compared with NDC (p was < 0.05). In 
contrast, interferone-γ (IFN-γ) was significantly lower in T1D than in NDC (p< 0.05).  

Multiple linear regression analysis after adjusting for age, sex, BMI and HgA1c (Table 3) showed that sialic 
acid is highly positively associated with all types of lipid profile (p < 0.05). leptin and IL-2 were not statistically 
associated with any of the lipid profile. IL-8 was significantly positively associated with serum triglyceride 
while IFN-γ and TNF-α were significantly positively associated with HDL (p < 0.05).  

Inflammatory markers were studied in T1D subjects according to diabetic duration (those with duration of 1 
year and less and those with duration with more than 1 year) (Table 4). Although means of inflammatory 
markers were apparently higher in diabetics with duration more than 1 year, IL-8 was only significantly higher 
in those patients compared with patients with duration ≤ 1 year (p < 0.05), while TNF-α was significantly lower 
in patients with duration > 1 year (p < 0.05). 

 
Table 1: Descriptive data of diabetic and controls in the study population 

 Group  Mean ± SD t-test p 
Age (years) Diabetic  

controls 
9.55 ± 2.93 
9.80 ± 2.31 - 0.53 0.596 

BMI (kg/m2) Diabetic  
controls 

19.01 ± 3.63 
16.60 ± 0.93 4.98 0.000 * 

SBP (mmHg) Diabetic  
controls 

111.72 ± 10.96 
112.00 ± 9.35 - 0.153 0.878 

DBP (mmHg) Diabetic  
controls 

71.72 ± 9.22 
75.67 ± 4.82 - 2.96 0.004 * 

FBS (mg/dL) Diabetic  
controls 

186.88 ± 91.75 
81.67 ± 7.28 8.85 0.000 * 

Hb A1c (%) Diabetic  
controls 

8.29 ± 2.03 
5.19 ± 0.52 11.46 0.000 * 

Blood urea (mg/dL) Diabetic  
controls 

23.69 ± 6.82 
17.933 ± 1.86 6.32 0.000 * 

Serum creatinine 
(mg/dL) 

Diabetic  
controls 

0.63 ± 0.13 
0.54 ± 0.09 4.69 0.000 * 

*p < 0.05 is significant  
BMI = body mass index 
SBP = systolic blood pressure 
DBP = diastolic blood pressure 
FBS = fasting blood sugar 
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Table 2: Comparison of lipid profile and inflammatory markers between diabetic and controls 

 
Group  Mean ± SD t-test p 

Cholesterol  
(mg/dl) 

Diabetic  
controls 

176.19 ± 36.79 
120.13 ± 7.27 

11.59 0.000* 

HDL  
(mg/dL) 

Diabetic  
controls 

38.19 ± 6.97 
40.13 ± 1.98 - 2.09 0.039* 

LDL  
(mg/dL) 

Diabetic  
controls 

118.06 ± 33.97 
67.60 ± 5.42 11.37 0.000* 

Triglyceride (mg/dL) Diabetic  
controls 

108.66 ± 51.50 
73.40 ± 16.42 5.07 0.000* 

Sialic acid (mg/dL) Diabetic  
controls 

73.00 ± 7.09 
67.83 ± 3.15 5.20 0.000* 

Leptin  
(ng/ml) 

Diabetic  
controls 

17.41 ± 10.48 
13.21 ± 2.83 3.00 0.003* 

IL-2 
(ng/ml) 

Diabetic  
controls 

64.99 ± 9.75 
58.11 ± 2.88 5.25 0.000* 

IL-8 
(ng/ml) 

Diabetic  
controls 

15.45 ± 1.89 
9.23 ± 1.47 20.35 0.000* 

IFN-γ  
(pg/ml) 

Diabetic  
controls 

2.24 ± 0.11 
2.32 ± 0.16 - 3.34 0.001* 

TNF-α 
(pg/ml) 

Diabetic  
controls 

9.50 ± 2.06 
7.21 ± 0.61 8.30 0.000* 

*p < 0.05 is significant 
HDL = high density lipoprotein 
LDL = low density lipoprotein 
IL-2= interleukin 2 
IL-8 = interleukin 8 
IFN-γ = interferon-γ  
TNF-α = tumour necrosis factor-α 
 
Table 3: Association between inflammatory markers and lipid profile in both diabetic and controls according to multiple regression analysis 
with adjustment for age, sex, BMI, and HgA1c  

 R R2 B coefficient t p 
Sialic acid      
TC 0.837 0.700 0.161 10.816 0.000* 
HDL 0.426 0.181 0.324 2.463 0.000* 
LDL 0.755 0.571 0.147 8.011 0.000* 
TG 0.582 0.339 0.069 4.622 0.000* 
Leptin      
TC 0.402 0.162 - 0.062  - 1.680 0.098 
HDL 0.362 0.131 0.164 0.822 0.415 
LDL 0.390 0.152 - 0.056 - 1.464 0.149 
TG 0.405 0.164 - 0.043 - 1.731 0.087 
Interleukin-2      
TC 0.220 0.049 0.007 0.178 0.859 
HDL 0.234 0.055 0.125 0.645 0.521 
LDL 0.227 0.051 - 0.017 - 0.453. 0.653 
TG 0.286 0.082 0.036 1.463 0.149 
Interleukin-8      
TC 0.251 0.063 0.003 0.472 0.639 
HDL 0.249 0.062 0.016 0.434 0.666 
LDL 0.244 0.059 0.000 0.086 0.931 
TG 0.354 0.125 0.009 2.093 0.000* 
Interferon-γ      
TC 0.206 0.042 - 0.003 - 0.785 0.436 
HDL 0.382 0.146 0.005 2.782 0.007* 
LDL 0.210 0.044 - 0.000 -0.812 0.398 
TG 0.184 0.034 - 0.000 - 0.310 0.757 
Tumor necrosis factor-α      
TC 0.499 0.249 - 0.005 - 0.803 0.425 
HDL 0.545 0.297 0.076 2.150 0.036 
LDL 0.518 0.268 - 0.010 - 1.470 0.147 
TG 0.492 0.242 - 0.001 - 0.232 0.817 

*P < 0.05 is significant 
TC = total cholesterol 
HDL = high density lipoprotein 
LDL = low density lipoprotein 
TG = triglyceride 
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Inflammatory markers were further studied in T1D subjects according to glycaemic control. Table (5) 
showed statistical significant higher level of sialic acid, IL-2, IL-8 and TNF-α in subjects with HbA1c ≥ 7 % 
than in those with HbA1c < 7 %. As for INF-γ those with HbA1c < 7 % had a statistical significant higher level 
than those with HbA1c ≥ 7 %.  
 
Table 4: Comparison of inflammatory markers according to diabetic duration in type 1 diabetes 

 
Group  Mean ± SD t-test p 

Sialic acid (mg/dL)  Duration ≤ 1 year 
Duration > 1 year 

71.59 ± 6.84 
73.47 ± 7.18 - 0.916 0.363 

Leptin  
(ng/ml) 

Duration ≤ 1 year 
Duration > 1 year 

14.50 ± 11.16 
18.38 ± 10.18   - 1.288 0.203 

IL-2 
(ng/ml) 

Duration ≤ 1 year 
Duration > 1 year 

61.09 ± 6.09 
66.29 ± 10.43 - 1.884 0.064 

IL-8 
(ng/ml) 

Duration ≤ 1 year 
Duration > 1 year 

14.50 ± 1.01 
15.76 ± 2.01 - 2.405 0.019* 

IFN-γ  
(pg/ml) 

Duration ≤ 1 year 
Duration > 1 year 

2.26 ± 0.08 
2.22 ± 0.12 1.157 0.252 

TNF-α 
(pg/ml) 

Duration ≤ 1 year 
Duration > 1 year 

11.99 ± 1.77 
8.68 ± 1.38 7.754 0.000* 

p < 0.05 is significant  
IL-2= interleukin 2 
IL-8 = interleukin 8 
IFN-γ = interferon-γ  
TNF-α = tumour necrosis factor-α 
 
Table 5: Comparison of inflammatory markers according to glycaemic state in type 1 diabetes 

 
Group  Mean ± SD t-test p 

Sialic acid (mg/dL) HbA1c < 7 
HbA1c ≥ 7 

68.84 ± 4.77 
73.50 ± 7.11  - 4.35 0.000* 

Leptin  
(ng/ml) 

HbA1c < 7 
HbA1c ≥ 7 

15.43 ± 6.56 
15.27 ± 10.27 0.104 0.917  

IL 2 
(ng/ml) 

HbA1c < 7 
HbA1c ≥ 7 

59.72 ± 6.97 
65.18 ± 8.72 - 3.81 0.000* 

IL 8 
(ng/ml) 

HbA1c < 7 
HbA1c ≥ 7 

10.87 ± 3.29 
15.30 ± 1.79  - 8.29 0.000* 

INF-γ  
(pg/ml) 

HbA1c < 7 
HbA1c ≥ 7 

2.31 ± 0.15 
2.21 ± 0.01  3.87 0.000* 

TNF-α 
(pg/ml) 

HbA1c < 7 
HbA1c ≥ 7 

7.54 ± 1.14 
9.94 ± 2.09 - 8.27 0.000* 

*p < 0.05 is significant 
IL 2= interleukin 2 
IL 8 = interleukin 8 
INF-γ = interferon-γ  
TNF-α = tumour necrosis factor-α 
 
Table 6: Association between inflammatory markers and kidney function according to multiple regression analysis in both diabetic and  
              controls with adjustment for age, sex, BMI, and HgA1c  

 R R2 B coefficient t p 
Sialic acid      
Blood urea 0.351 0.123 - 0.345 - 2.495 0.015* 
Serum creatinine 0.440 0.193 0.008 2.779 0.007* 
Leptin      
Blood urea 0.479 0.229 0.376 4.173 0.000* 
Serum creatinine 0.334 0.112 - 0.0006 - 0.356 0.723 
Interleukin 2      
Blood urea 0.306 0.093 0.170 1.883 0.064 
Serum creatinine 0.382 0.146 0.003 1.776 0.080 
Interleukin 8      
Blood urea 0.448 0.201 0.693 3.760 0.000* 
Serum creatinine 0.497 0.247 0.013 3.692 0.000* 
Interferon-γ      
Blood urea 0.303 0.092 - 7.388 - 1.852 0.068 
Serum creatinine 0.463 0.215 - 0.238 - 3.155 0.002* 
Tumor necrosis factor-α      
Blood urea 0.685 0.469 3.184 7.696 0.000* 
Serum creatinine 0.439 0.192 0.029 2.761 0.007* 

P < 0.05 is significant 
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 Association between inflammatory markers and kidney function was studied in Table 6 using multiple 
linear regression analysis after adjustment for age, sex, BMI and HgA1c. It showed significant positive 
association between leptin, IL-8 and TNF-α  with blood urea and significant inverse association between serum 
sialic acid and blood urea (p < 0.05). Significant positive association was found between serum sialic acid, IL-8 
and TNF-α with serum creatinine (p < 0.05). A significant inverse association was found between IFN-γ and 
serum creatinine (p < 0.05).     

  
Discussion: 

 
In the present study, we found that serum lipid profile (TC, LDL and triglyceride) and inflammatory 

markers (sialic acid, leptin, IL-2, IL-8 and TNF-α) are significantly higher in T1D subjects compared with 
NDC. Therefore association was investigated between lipid profile and inflammatory markers which showed 
that serum sialic acid was highly positively associated with all parameters of lipid profile studied. IL-8 was 
significantly positively associated with serum triglyceride while IFN-γ and TNF-α were significantly positively 
associated with HDL. 

In a large prospective Europe-wide cohort study of patients with type 1 diabetes, sialic acid and fibrinogen 
were found to be significant and independent predictors of cardiovascular risk in men, supporting the hypothesis 
that inflammation plays a role in the development of cardiovascular diseases (Soedamah-Muthu et al., 2008) . 
That conclusion is in consistence with our results.  

The increased inflammation in youth with type 1 diabetes observed in the present study is of concern 
because higher levels of some inflammatory markers were associated with lipid profile.  These results are in 
consistent with the results of Snell-Bergeon et al. 2010, which demonstrate that increased systemic 
inflammation in type 1 diabetes, independent of hyperglycemia and obesity, is associated with a more 
atherogenic lipid profile, putting these youth at higher risk for cardiovascular disease (Snell-Bergeon et al., 
2010). 

Alterations in inflammatory cytokines have previously been reported in children and adolescents with type 
1 diabetes, but these reports have been inconsistent. A study in Turkey examined mediators of inflammation in a 
group of 35 children with type 1 diabetes (54% girls) and 30 nondiabetic children (47% girls) with a mean age 
of 12 and 11 yr, respectively (Erbağci et al., 2001).Consistent with our results, circulating levels of IL-8 were 
elevated and were correlated with BMI in children with type I DM. Elevated systemic IL-6 and TNF-alpha were 
limited to newly diagnosed cases suggesting activation of the inflammatory immune response system at early 
stages of the disease. Children with type 1 diabetes had increased total cholesterol and although this did not 
reach significance in the Turkish study. 

In contrast to our results, IL-2 levels were significantly low especially in patients monitored for a long time 
with a diagnosis of T1D which might be involved in the pathogenesis of the disease (Dogan et al., 2006). 

IFN-γ is generally believed to be important in the autoimmune pathogenesis of type 1 diabetes. The results 
of Yi et al. 2012, which demonstrated that IFN-γ may play a key role in CD4(+) T cell-mediated β-cell 
destruction, is in contrast with our observation of higher IFN-γ in NDC than in T1D (Yi et al., 2012).  

 In Chinese Guizhou minipig models with streptozotocin induced diabetes. Inflammatory cytokines (TNF-
alpha, IL-1beta and IL-6) were significantly elevated in aortic intima of diabetic minipigs. This is in consistent 
with our results as regard to TNF-α (Lu et al., 2007). 

In a study done by Mitrović et al. in 2011, patients with type 1 diabetes were found to have an inflammatory 
activity manifested by the increased values of CRP, IL-6 and TNF-alpha, which are in consistent with our 
results as regard to TNF (Mitrović et al., 2011). 

Acute hyperglycemia and worse glycemic control early in the course of type 1 diabetes have been 
associated with increased inflammation in children with type 1 diabetes, but it is less clear whether chronic 
hyperglycemia among children with longer duration of diabetes is associated with inflammation. In a study of 
22 children with type 1 diabetes, acute hyperglycemia was associated with increased levels of IL-6, as well as 
IL-4 and IL-1α, and the increased inflammation persisted for at least 2 h after correction of hyperglycemia (Rosa 
et al., 2008). These results are more or less in consistent with our results which showed a significant higher level 
of serum TNF-α in recently diagnosed T1D compared to chronic cases and showed statistical significant higher 
level of sialic acid, IL-2, IL-8 and TNF-α in subjects with HbA1c ≥ 7 % than in those with HbA1c < 7 %. . 

As diabetes clustered with hypertension and nephropathy has become the leading cause of end-stage renal 
disease globally, we studied the association between inflammatory markers and kidney function. Significant 
positive association was found between IL-8 and TNF-α with both blood urea serum creatinine which highlights 
a way for early detection of diabetic nephropathy in type 1 diabetics. 

In Pakistan, a study was done in 2012, which showed higher concentration of serum sialic acid in diabetic 
group with hypertension and in diabetic group with nephropathy as compared to controls, results indicate a clear 
relationship of declining renal function with poor glycaemic control, abnormal lipid metabolism, endothelial 
dysfunction and initiation of acute phase response in tissues affected from the micro-vascular complications of 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Snell-Bergeon%20JK%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Snell-Bergeon%20JK%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=Yi%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22865049�
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitrovi%C4%87%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22865049�
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diabetes like hypertension and nephropathy (Shahid et al., 2012) . These results are in consistent with our results 
as regard to high serum sialic acid in T1D and its association with cardiovascular risks, and the significant 
higher level of sialic acid, IL-2, IL-8 and TNF-α in subjects with poor glycaemic control. 

Many prospective studies have reported associations among various markers of inflammation as serum 
sialic acid and the incidence of diabetes and diabetic nephropathy (Nayak & Bhaktha 2005; Muhammad & 
Mahboob 2006; Roozbeh et al., 2011). In our study, IL-8 and TNF-α showed highly significant positive 
association with the levels of blood urea and creatinine, while serum sialic acid showed highly significant 
positive association with the lipid profile parameters. 

 Limitations to our study include the small number of the sample size, cases of diabetic nephropathy are not 
included and urine samples are not taken. In the interest of future researchers who wish to conduct similar 
studies we have several recommendations that we wish to make: A larger sample size should be observed over a 
longer time period, multiple blood, urine samples and 24 hrour urine samples should be collected. Finally, we 
recommend that researchers take into account diabetic complications such as diabetic retinopathy and diabetic 
neuropathy in addition to diabetic nephropathy to allow for a more complete study. 

 In conclusion, our study has demonstrated that inflammatory markers (sialic acid, leptin, IL-2, IL-8 and 
TNF-α) are significantly higher in T1D subjects compared with NDC. Serum sialic acid was highly positively 
associated with all parameters of lipid profile studied, denoting its importance as a predictor of cardiovascular 
risk in type 1 diabetes. Significant higher blood urea and creatinine were detected in diabetics than non-
diabetics, but still below the level of renal failure.  Significant positive association was found between IL-8 and 
TNF-α with both blood urea and serum creatinine, denoting their importance as sensitive markers for early 
detection of diabetic nephropathy in type 1 diabetics. These findings can be explained by tissue injury (caused 
by diabetic vascular complication) that results in stimulation of local cytokine secretion from cells involved in 
the complications such as endothelium and macrophages and this induces an acute phase response. 
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