
INTRODUCTION
Diabetes mellitus (DM) is a group of metabolic 
disorders, which manifests due to chronic 
hyperglycemia caused by defects in insulin 
secretion, insulin action or both. Approximately 
285 million people all over the world are a victim of 
this chronic, insidious disease and it is the fifth 

1, 2leading cause of death all over the world .  DM is 
one of the principal cause of amputation, 
blindness, stroke, heart attacks and renal failure in 
adults. Type 2 diabetes is the most common i.e. 
accounts for approximately 90-95% of all the cases 

3of DM, while DM Type 1 is rarer i.e. 5-10 % .

The type II DM pathogenesis is of very complex 
nature and involves relative deficiency of insulin 

secretion or development of insulin resistance 
leading to hyperglycemia. Some studies showed 
the interrelationship between inflammation and 
non-insulin dependent DM which has proven the 
fact that inflammation is one of the causative agent 
for development of type 2 diabetes mellitus and 

4, 5, 6
insulin resistance . The process of inflammation 
induces hepatic synthesis of various acute phase 
proteins such as C-reactive protein (CRP), 
cytokines such as interleukin-6 (IL-6), and various 
adhesion molecules such as soluble intracellular 
adhesion molecules type 1 (sICAM-1) and soluble 
vascular cellular adhesion molecules type 1 
(sVCAM-1) which are believed to play a pivotal role 

5,7,8,9in insulin resistance .
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The mechanism leading to the complications of 
diabetes are multifactorial, and not yet fully 
understood to medical science, but involve the 
direct toxic effects of high glucose levels, along 
with the impact of deranged lipid levels. It is also 
clear from a number of studies the risk for 
cardiovascular disease starts years before the 

10, 11, 12
clinical diagnosis of diabetes . Inflammation 
not only predisposes an individual to develop 
diabetes mellitus but also tends to cause 
dyslipidemia, giving rise to increased risk of micro 
vascular (neuropathy, nephropathy and 
retinopathy) and macro vascular (peripheral 
vascular disease, stroke and ischemic heart 
disease) complications, which can lead to 
significant morbidity and diminished quality of 

13, 14, 15life . 

Based on the above scenario, this cross sectional 
comparative study was designed in which level of 
inflammatory markers was compared between 
diabetic (test) and non-diabetic (Control) groups.

MATERIALS AND METHODS
This cross sectional comparative study was 
conducted at Department of Biochemistry & 
Molecular Biology, Army Medical College, 
Rawalpindi in collaboration with Combined 
Military Hospital (CMH), Rawalpindi and Centre for 
Research in Experimental and Applied Medicine 
(CREAM), Army Medical College, Rawalpindi for 
blood sampling and biochemical assays 
respectively. Total duration of study was 01 year. 
This study was performed on 40 human 
volunteers. Subjects of both sexes, having age 
between 25 to 55 years and body mass index 

2between 19 – 40 kg/m  were inducted in this study. 
They were divided into two groups containing 20 
subjects each. One group was designated as 
control (healthy) group while the other was 
diseased (diabetic) group.  

GROUP-1 (Control Group)
Control group comprised of 20 normal healthy 
human subjects having normal fasting blood 
glucose levels (between 70 – 100 mg/dl). Pregnant 
women/subjects suffering from any chronic illness 
or disease or taking any sort of medication / 

supplements were excluded.

GROUP- 2 (Diabetic Group)
This group consists of 20 type – II diabetic patients 
having fasting blood glucose in a range of 126 – 
400 mg/dl, although taking their usual antidiabetic 
medication. Patients on insulin therapy, pregnant 
women, subjects suffering from any other chronic 
illness or disease or taking any medication other 
than that of diabetes were excluded out.

Patients of both sexes with known type – II diabetic 
history and fulfilling all the inclusion criteria were 
screened by determining their fasting blood 
glucose by a Glucometer. Similarly, healthy 
individuals were screened by determining their 
fasting blood glucose before selection for the 
study. The subjects selected for the control group 
belonged to every walk of life i.e. army officers, civil 
servants, business men, house wives etc. and had 
no medical history of diabetes or any other disease 
whereas the diabetic group included subjects 
visiting the diabetes clinics of Military Hospital 
(MH) and Combined Military Hospitals (CMH), 
Rawalpindi. At the end of study, inflammatory 
markers (sVCAM-1, IL-6 and CRP) were measured 
for each subject of both the groups, by Enzyme 
Linked Immunosorbent Assay (ELISA) method.

STATISTICAL ANALYSIS
The data was entered and analyzed using SPSS 
version 15.0. Mean, Standard error of mean (SEM) 
& Standard deviation (SD) were calculated. 
Analysis of Variance (ANOVA) was applied for 
comparison inflammatory markers between both 
experimental & control groups. A p-value of = 0.05 
and =0.01 was considered significant and highly 
significant respectively.

RESULTS
Results of inflammatory markers (sVCAM-1, IL-6 
and CRP) of group-1 & 2 are mentioned in table I & 
II respectively. There was a significant difference 
among the levels of sVCAM-1, IL-6 and CRP 
between diabetic and control groups. (Table-III, 
figure 1 and figure 2).

2
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DISCUSSION
Ridker et al., and Pradhan et al., demonstrated in a 
series of multiple studies that CRP is a risk factor 

9, 16, 17
for insulin resistance and diabetes mellitus . 

They concluded that the levels of CRP are 
associated with type 2 diabetes mellitus, insulin 
resistance and cardiovascular diseases. In 2006, 
Rhee et al., studied a positive correlation between 
long term deranged fasting blood glucose levels 

18and CRP . In conjugation to these findings, 
studies conducted by pickup et al., and Wang et al 
supports elevated levels of CRP in type 2 diabetes 

19, 
in association with the presence of inflammation
20. 
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Our study also supports the above mentioned 
findings. Blood levels of C-reactive protein (CRP) 
in the control group were in the range of 840 – 3460 
ng/ml with a mean value of 1806.6 ± 183.32 as 
compared to range of 1680 – 4220 ng/ml with a 
mean value of 2931 ± 168.319 in the experimental 
diabetic group. There was a highly significant 
increase in CRP between both the groups (p = 
0.000, p < 0.001)

Saraheimo et al., 2003 found high levels of 
21

interleukin-6 in type 2 diabetic patients . Jones et 
al., also studied relation of IL-6 and CRP in his 

22
studies and explained the underline mechanism . 
Pepys et al., concluded that liver cells produces 
CRP in response to IL-6 and therefore have a 

23positive correlation with each other . Levels of 
circulating IL-6 in the blood were in the range of 4.8 
– 9.4 pg/ml with a mean value of 6.64 ± 0.3516 
pg/ml for the control group compared to range of 
14.8 – 36 pg/ml with a mean value of 24.99 ± 1.366 
pg/ml in the experimental diabetic group. Both 
groups revealed a highly significant difference in 
the levels of IL-6 (p = 0.000, p < 0.01). 

Boulbou et al., 2005 concluded that type 2 
diabetes effects endothelial functions and 

24stimulates adhesion molecules expression . His 
study aimed that endothelial activation leading to 
type 2 diabetes through elevated levels of sVCAM-
1 molecules. Devaraj et al., 2007 also concluded 
significantly increased levels of adhesion 
molecules in diabetes and its progression to 

25
complications i.e. diabetic retinopathy . Blood 
levels of sVCAM-1 were in the range of 466 – 742 
ng/ml with a mean value of 570.2 ± 16.526 ng/ml in 
the control group compared to the range of 630 – 
3460 ng/ml with a mean value of 1991.5 ± 201.97 
ng/ml for the experimental diabetic group. There is 
a highly significant increase in the levels of 
sVCAM-1 from control to diabetic group (p = 
0.000, p < 0.001). These findings are in 
synchronization with the studies mentioned above 
though level of significance was quite high in our 
study. 

Above scenario clearly determines that there is an 
ample data suggesting that long standing 

inflammation preceding insulin resistance and 
hyperglycemia leading to raised levels of various 
inflammatory markers in type 2 diabetes, will have 
definite role in the pathogenesis of macro and 
micro complications in diabetes mellitus. 

CONCLUSIONS
Present study substantiates the observation that 
the levels of inflammatory markers (sVCAM-1, IL-6 
and CRP) are increased in type 2 diabetics thus 
having a significant association with glycemic 
profile.
Copyright© 21 Nov, 2013.

REFERENCES
1. Shaw JE, Sicree RA, Zimmet PZ. Global estimates 

of the prevalence of diabetes for 2010 and 2030. 
Diabetes Res Clin Pract. 2010 Jan;87(1):4-14.

2. Roglic G, Unwin N, Bennett PH, Mathers C, 
Tuomilehto J. The burden of mortality attributable 
to diabetes: realistic estimates for the year 2000. 
Diabetes Care. 2005 Sep;28(9):2130-5.

3. American Diabetes Association. Diagnosis and 
classification of diabetes mellitus. Diabetes Care. 
2009 Jan;32 Suppl 1:S62-7.

4. Greenfield JR, Campbell LV. Relationship between 
inflammation, insulin resistance and type 2 
diabetes: 'cause or effect'?. Curr Diabetes Rev. 
2006 May;2(2):195-211.

5. Ndumele CE,  Pradhan AD, Ridker  PM. 
Interrelationships between inflammation, C-
reactive protein, and insulin resistance. J 
Cardiometab Syndr. 2006 Summer;1(3):190-6.

6. Kriketos AD, Greenfield JR, Peake PW, Furler SM, 
Denyer GS, Charlesworth JA, et al. Inflammation, 
insulin resistance, and adiposity: a study of first-
degree relatives of type 2 diabetic subjects. 
Diabetes Care. 2004 Aug;27(8):2033-40.

7. Goyal R, Faizy AF, Siddiqui SS, Singhai M. 
Evaluation of TNF-a and IL-6 Levels in Obese and 
Non-obese Diabetics: Pre- and Postinsulin 
Effects. N Am J Med Sci. 2012 Apr;4(4):180-4.

8. Pickup JC. Inflammation and activated innate 
immunity in the pathogenesis of type 2 diabetes. 
Diabetes Care. 2004 Mar;27(3):813-23.

9. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker 
PM. C-reactive protein, interleukin 6, and risk of 
developing type 2 diabetes mellitus. JAMA. 2001 
Jul 18;286(3):327-34.

DIABETIC PATIENTS

Professional Med J 2014;21(2): 270-274.



5

www.theprofesional.com 274

10. Barr EL, Zimmet PZ, Welborn TA, Jolley D, Magliano 
DJ, Dunstan DW,et al. Risk of cardiovascular and 
all-cause mortality in individuals with diabetes 
mellitus, impaired fasting glucose, and impaired 
glucose tolerance: the Australian Diabetes, 
Obesity, and Lifestyle Study (AusDiab). 
Circulation. 2007 Jul 10;116(2):151-7.

11. Marks JB, Raskin P. Cardiovascular risk in 
diabetes: a brief review. J Diabetes Complications. 
2000 Mar-Apr;14(2):108-15.

12. Milicevic Z, Raz I, Beattie SD, Campaigne BN, 
Sarwat S, Gromniak E, et al. Natural history of 
cardiovascular disease in patients with diabetes: 
role of hyperglycemia. Diabetes Care. 2008 Feb;31 
Suppl 2:S155-60.

13. Griffiths R, Barbour S. Lipoproteins and lipoprotein 
metabolism in periodontal disease. Clin Lipidol. 
2010 Jun;5(3):397-411.

14. Esteve E, Ricart W, Fernández-Real JM. 
Dyslipidemia and inflammation: an evolutionary 
conserved mechanism.  Cl in Nutr. 2005 
Feb;24(1):16-31.

15. Aronson D. Hyperglycemia and the pathobiology 
of diabetic complications. Adv Cardiol. 
2008;45:1–16.

16. Ridker PM, Wilson PW, Grundy SM. Should C-
reactive protein be added to metabolic syndrome 
and to assessment of global cardiovascular risk? 
Circulation. 2004 Jun 15;109(23):2818-25.

17. Ridker PM, Hennekens CH, Roitman-Johnson B, 
Stampfer MJ, Allen J. Plasma concentration of 
soluble intracellular adhesion molecules 1 and 
risk of future myocardial infarction in apparently 
healthy men. Lancet. 1998 Jan 10;351(9096):88-92.

18. Rhee EJ, Kim YC, Lee WY, Jung CH, Sung KC, Ryu 
SH,et al.. Comparison of insulin resistance and 

serum high-sensitivity C-reactive protein levels 
according to the fasting blood glucose 
subgroups divided by the newly recommended 
criteria for fasting hyperglycemia in 10059 
healthy Koreans. Metabolism. 2006 Feb;55(2):183-
7.

19. Pickup JC, Mattock MB, Chusney GD, Burt D. 
NIDDM as a disease of the innate of the immune 
system: association of the acute phase reactants 
and interleukin-6 with metabolic syndrome. X. 
Diabetologia. 1997 Nov;40(11):1286-92.

20. Wang X, Bao W, Liu J, Ouyang YY, Wang D, Rong S, 
et al. Inflammatory markers and risk of type 2 
diabetes: a systematic review and meta-analysis. 
Diabetes Care. 2013 Jan;36(1):166-75.

21. Saraheimo M, Teppo AM, Forsblom C, Fagerudd J, 
Groop PH. Diabetic nephropathy is associated 
with low-grade inflammation in Type 1 diabetic 
patients. Diabetologia. 2003 Oct;46(10):1402-7.

22. Jones SA, Novick D, Horiuchi S, Yamamoto N, Szalai 
AJ, Fuller GM. C-reactive protein: a physiological 
activator of interleukin 6 receptor shedding. J Exp 
Med. 1999 Feb 1;189(3):599-604.

23. Pepys MB, Hirschfield GM. C-reactive protein: a 
c r i t i c a l  u p d a t e .  J  C l i n  I n v e s t .  2 0 0 3  
Jun;111(12):1805-12.

24. Boulbou MS, Koukoulis GN, Makri ED, Petinaki EA, 
Gourgoulianis KI, Germenis AE. Circulating 
adhesion molecules levels in type 2 diabetes 
mellitus and hypertension. nt J Cardiol. 2005 
Jan;98(1):39-44.

25. Devaraj S, Cheung AT, Jialal I, Griffen SC, Nguyen D, 
Glaser N, Aoki T. Evidence of increased 
inflammation and microcirculatory abnormalities 
in patients with type 1 diabetes and their role in 
microvascular complications. Diabetes. 2007 
Nov;56(11):2790-6.

DIABETIC PATIENTS

Professional Med J 2014;21(2): 270-274.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

