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ABSTRACT 

Type 2 diabetes is not one disease but rather a heterogenous group of syndromes 

characterized by elevation of fasting blood glucose. Highly sensitive C-reactive protein (Hs-

CRP) is an acute phase reactant and a sensitive marker of inflammation. Hyperglycemia can 

potentially promote the production of Hs-CRP. The aim of this study was to correlate the 

association of fasting blood glucose with Hs-CRP and some other cardio metabolic 

concentrations. A total number of 355 adults, age 30-60 yrs, subjects were recruited in the 

study. Of them 192 subjects was non diabetic (control) group and 163 was diabetic (study) 

group. Vital statistics were taken along with measurement of blood glucose, triglyceride, total 

cholesterol, high density lipoprotein, low density lipoprotein and Hs-CRP levels. Data were 

analyzed using statistical Package for Social Program (SPSS) for Windows version 17. In 

comparison to non diabetic subjects, diabetic are significantly older (P=0.001), have higher 

BMI (P=0.001), higher waist hip ratio (P=0.042) and higher body fat mass% (P<0.0001). 

Systolic blood pressure is high in diabetic subjects but not statistically up to significant level 

but diastolic blood pressure is high (P=0.016). In biochemical parameters Triglyceride 

(P=0.001) and Hs-CRP (P<0.001) are significantly higher and High Density lipoproteins 

(HDLs) are significantly lower (P=0.030) in diabetic subjects. Anthropometric parameters are 

found to be high in diabetic subjects compared to non diabetic subjects. High level of Hs-

CRP, Triglyceride and low level of HDL-c is also observed in diabetic subjects. Literature is 

reviewed accordingly.  
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INTRODUCTION 

Diabetes is a metabolic disorder with inappropriate hyperglycemia either due to an absolute 

or relative deficiency of insulin secretion or reduction in the biologic effectiveness of insulin 

or both. It is also associated with disturbances concerned with carbohydrate, protein and fat 

metabolism. The decreased uptake of glucose into muscle and adipose tissue leads to chronic 

extracellular hyperglycemia which result in tissue damage and chronic vascular 

complications
1, 2

. C-reactive protein (CRP) is an inflammatory marker whose expression is 

markedly up regulated during inflammation
3
. It is the acute phase protein synthesized in the 

liver and regulated to a large extend by proinflammatory cytokine interleukin-6 (IL-6) and 

tumor necrosis factor-alpha (TNF-α)
4, 5

. Recent prospective studies have demonstrated that 

subjects with low grade inflammation have a higher risk of cardiovasular diseases
6-8

. Several 

lines of evidence suggest that elevation of CRP may reflect not only local inflammation at 

atherosclerotic lesions but also systemic abnormalities related to insulin resistance, such as 

increase in fasting insulin, body mass index (BMI), systolic blood pressure and triglyceride 

(TG) as well as decrease in high density lipoprotein cholesterol (HDL-c)
9, 10, 11

. Among 

several markers of inflammation, Hs–CRP is found to be significant in people with diabetes. 

Hyperglycemia is an associated factor to the increase of serum CRP levels in un-controlled 

type II diabetic subjects
12

. Several studies demonstrate that Hs-CRP remained a significant 

predictor of diabetes risk even after adjusting with body mass index, family history of 

diabetes mellitus, smoking and other factors 
13

. In people with diabetes, CRP levels is highest 

tertile (> 0.28 mg/dl) were associated with a 2 fold increase in CV mortality after adjusting 

for age, sex and glucose tolerance tests
14, 15, 16

. Hypertensive patients with Diabetes had 

higher levels of Hs-CRP, a circulating inflammatory marker, than normal subjects. This 

finding suggests that patients with two associated diseases have a more active inflammatory 

CRP; a pentameric protein produced by the liver has emerged as the ‘golden marker for 

inflammation’. Studies have shown high level of Hs-CRP in subjects with type 2 diabetes 

mellitus and dyslipidemia. The present study was thus conducted with an aim to see the 

relationship of high sensitivity CRP (Hs-CRP) levels with various anthropometric as well as 

metabolic parameters in subjects with and without diabetes. 

MATERIALS AND METHOD 

An invitation was made to the volunteer of the study through personal contact to report in the 

department of Biochemistry and Physiology, BIRDEM in fasting condition. Subjects reported 

were examined for their wellbeing. Purpose and nature of the study were explained to them. 

Consented respondents were give appointment for blood sampling. Detailed medical and 
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personal history was recorded on the day of blood sampling in a predesigned case record 

form. 

Anthropometric measurements and blood pressure recording 

Volunteer’s height (in meter) and weight (kg), waist and hip (cm) circumference were taken 

following standard procedure. Cut-off values for BMI (normal <22.9 Kg/m2; overweight 23-

27.5 and obese <27.5) and WHR (male-0.90 and female-0.80) were used as per WHO, 2004 

guidelines for Asian population. Blood pressure (average of two independent measurements) 

was recorded using barometric Sphygmomanometer. Five milliliter of venous blood was 

drawn from each subject by vein puncture at fasting and drawn blood was allowed to clot. 

After 20 minutes samples were centrifuged at 3000 rpm for 10 minutes. Separated serum was 

aliquot in micro centrifuge tubes, labeled and preserved at (-30°C) for biochemical analyses.  

Biochemical methods 

Glucose was measured by (glucose-oxidase) and total cholesterol, triglyceride and HDL-c 

was measured (by enzymatic colorimetric) method using in the Biochemistry Aut-analyzer 

‘Hitachi 704’ reagents of RANDOX Laboratories Ltd., UK. LDL- c was calculated using 

Friedwald formula. The method was not applied when triglyceride level exceeded 400 

mg/dL. SGPT by UV spectrophotometric method, Serum creatinine by alkaline picrate 

method Serum Hs-CRP by enzyme linked immunosorbant assay (ELISA) method. 

Statistical methods 

Data were expressed as mean±SD and number (percent). Statistical analyses were performed 

using Statistical Package for Social Science (SPSS) for Windows Version 17. Two tailed P 

value <0.05 was taken as significant level. 

Recruitment criteria 

A total number of 355 volunteers aged 30-60 years finally recruited in this study. Subjects 

suffered from acute illness in the last three months, Pregnant and lactating mothers and 

subjects with secondary obesity, known primary hyperlipidemias, hereditary or systemic 

inflammatory diseases, on any regular medications or significant physical training program 

were excluded. 

RESULTS AND DISCUSSION 

Mean age of the study subjects was 41.6 years. Of the total 355 subjects 163 (45.9%) were 

diabetic and 192 (54%) were non diabetic. Mean fasting sugar were 132.59 ± 53.12 (mg/dl) 

in diabetic subjects and 96.09 ± 26.23 (mg/dl) in normal subjects. Mean Hs-CRP were 

4.8±3.4 in diabetic subjects and 2.5±2.9 in normal subjects. In figure 1, ROC curve also 

showing positive relation of BMI, Fat%, Waist circumference, Waist hip ratio for prediction 

of Fasting blood glucose. The anthropometric characteristics in relation to fasting blood 
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glucose of the study group were shown on the Table 1. In comparison with non-diabetic 

subjects, are significantly older (P=0.001), have higher BMI (P=0.001), higher waist hip ratio 

(P=0.042) and higher body fat mass% (P<0.0001). Systolic blood pressure is high in diabetic 

subjects but not statistically up to significant level but diastolic blood pressure is significantly 

high (P=0.016). The Biochemical characteristics in relation to fasting blood glucose of the 

study group were shown on the Table 2.  

Table 1: Distribution of the study subjects by anthropometric variable (n=355) 

Parameters Diabetic subjects (163) Non diabetic subjects (192) P value 

Age 44.7±9.0 38.6±6.8 0.001 

Body Mass Index (BMI) 25.7±3.1 24.1±3.2 0.001 

Waist Hip ratio (WHR) 1.0±0.42 0.88±0.56 0.042 

Body Fat Mass % 32.3±4.9 21.6±4.2 <0.0001 

Systolic Blood Pressure 116.4±7.3 113.7±7.6 0.613 

Diastolic Blood Pressure 75.2±6.8 72.7±7.2 0.016 

Results were expressed as mean±SD. Unpaired Student's t test was performed to compare 

between groups. 

Table 2: Distribution of the study patients by biochemical characteristics (n=355) 

Parameters Diabetic subjects (163) Non diabetic subjects (192) P value 

Fasting glucose (mg/dl) 132.59 ± 53.12 96.09 ± 26.23 < 0.0001 

Triglycerides (mg/dl) 213.5±109.5 162.6±97.7 0.001 

Total cholesterol (mg/dl) 197.6±39.1 188.6±37.8 0.105 

HDL-c (mg/dl) 34.2±6.8 36.5±7.4 0.030 

LDL-c (mg/dl) 120.6±37.4 119.6±32.8 0.839 

Hs-CRP 4.8±3.4 2.5±2.9 <0.001 

Results were expressed as mean ± SD .Unpaired Student's t test was performed to compare 

between groups. 

HDL-c, (High density lipoprotein cholesterol), LDL-c, (Low density lipoprotein cholesterol) 

Hs-CRP, (High sensitive C-reactive protein) 

Mean fasting sugar were 132.59 ± 53.12 (mg/dl) in diabetic subjects and 96.09 ± 26.23 

(mg/dl) in normal subjects. Triglyceride (P=0.001) and Hs-CRP (P<0.001) are significantly 

higher and High Density lipoproteins (HDLs) are significantly lower (P=0.030) in diabetic 

subjects.  

Table 3: Pearson Correlation analysis of fasting blood sugar with age, BMI, triglyceride 

HDL-c, and Hs- CRP levels (n=355) 

Variables (n=355) Positive Negative P value 

Age 210  0.003 

BMI 163  0.022 

TG 294  <0.001 

HDL  -150 0.034 

Hs-CRP 201  0.005 

Results were expressed as Pearson correlation and statistical significance p. 
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BMI, Body mass index; TG, Triglyceride; HDL-c, High density lipoprotein cholesterol; 

LDL- c, Low density lipoprotein cholesterol. 

Table 3 presents the results of the Pearson’s correlation analysis with fasting blood glucose 

and other high risk variables and it showed a significance positive correlation with age 

(r=0.210, P=0.003) , BMI(r= 0.163, P=0.022 ), Triglyceride ( r=0.294 , P<0.001 ), and Hs-

CRP ( r=0.201, P=0.005) and a negative correlation with HDL-c (r=-0.150, P=0.034). High 

sensitive C-reactive protein (Hs-CRP) has been a subject of interest among the researchers in 

recent times. By definition it is the detection of very low level of CRP in the blood using 

sensitive ELISA or immune turbidometry method. Usually CRP is present in the blood of 

healthy person at a very low level. It is widely regarded that CRP is the biochemical marker 

of ongoing inflammatory process and long been used to evaluate prognosis by the clinicians. 

Detection of very low level of CRP 'Hs-CRP' in the blood has been regarded as the presence 

of subclinical inflammation. Diabetes mellitus (DM) is characterized by metabolic 

abnormalities including hyperglycaemia, elevated Triglycerides, low HDL-c, and central 

obesity. C-reactive protein progressively increased as fasting glucose levels increased. These 

relationships did not show threshold effects, and Hs-CRP levels apparently rose even with the 

fasting glucose levels corresponding to the normal range of the fasting glucose category (75-

115 mg/dl, 4.1-6.0 mmol/l). This result was in agreement with what previously reported by 

Doi Y et al
17

. Studies on western populations have shown low grade systemic inflammation 

indicated by elevated Hs-CRP to be one of the mechanisms by which hyperglycemia and 

other known risk factors such as obesity, smoking and hypertension contribute to 

cardiovascular disease in diabetes mellitus
13, 16

. However, the nature and extent of 

inflammation was seen to vary depending on ethnic, cultural and environmental background 

of a particular population. There are few studies of Hs-CRP in Bangladesh, a very high-risk 

group for diabetes, subclinical inflammation and other cardio metabolic disorders. The main 

focus of the present study was to show the significant increase of Hs-CRP in subjects with 

Type 2 diabetes of Bangladeshi origin and explore its relationship with fasting blood sugar 

levels. It demonstrates that the mean±SD Hs-CRP levels are 4.8±3.4 in diabetic subjects and 

2.5±2.9 in healthy subjects. Although the number of subjects was relatively small, it gives an 

approximate baseline data for the Bangladeshi population. In previous studies on the same 

population 
19

 found mean Hs-CRP 1.8 (mg/l) in healthy controls and 4.0 (mg/l) in type2 DM 

patients. Another case control study found Hs-CRP mean 2.14± 0.13 in healthy controls of 

Bangladesh
20

. Persistent and mild elevations in Hs-CRP levels in Bangladesh could be due to 

increased exposure to repeated infections. The present study showed a significance increase 

of Hs-CRP in subjects with diabetes, Hypertension, obesity and dyslipidaemia (Table 1 and 
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2). Elevated blood sugar level has been implicated in the inflammatory process and 

pathogenesis of metabolic disorders. Levels of Hs-CRP are significantly elevated in 

individuals with increasing blood sugar and are associated with measures of adiposity. The 

predominant role of adiposity on the regulation of the inflammatory response is not 

surprising. Adipose tissue is in itself a source of CRP and a major producer of interleukin-6, a 

key stimulator of CRP secretion. In obesity, adipose tissue contains an increased number of 

resident macrophages and T cells, which interact closely adipocytes to modulate the 

inflammatory response. Both cross sectional and prospective studies have documented 

substantial evidence in this regard 
10, 12, 18

. Previous reports show that hyper Triglyceridemia 

and Diabetes mellitus are positively associated with CRP levels
21, 26

. Both carbohydrate and 

lipid metabolism are interconnected with their physiological pathways. Obviously alteration 

in one affects the other. Clinical study, on tribal population of Andhra Pradesh, showed a 

strong link between serum sugar and lipid levels in diabetic patients 
28

. Similar results were 

also reported by Idogun et al.
29

 and Albrki et al.
30

 in different population it appears that, 

Asian’s genetic composition makes them more susceptible for diabetes and associated 

Cardiovascular Diseases (CVD). Of course dietary factors and physical activity also 

contribute significantly. Gotto 
31

 has found that increased Triglyceride itself can induce CVD 

in normal as well as in diabetic patients and raised Triglyceride with hyperglycaemia support 

atherogenic state
27

. Besides this, parallel increase in it worsens these complications by 

increasing serum LDL-C and decreasing HDL –c 
27, 28

. In addition, excess fat consumption 

may result in increased fat depot in liver, muscles and visceral organs that promote 

lipogenesis and leads to obesity. Thus our results showed increased values of Hs-CRP, 

Fasting blood sugar, Triglyceride and decreased value of HDL-c again indicating an 

increased possibility of ischemic heart disease in our sample population. In conclusion, the 

present study showed that Hs-CRP has a strong association with diabetes in middle aged 

Bangladeshi population. It is also concluded that age, body mass index, abdominal obesity 

and high body fat% have strong association with diabetic individuals and high levels of Hs-

CRP groups predicts the high risk of diabetes mellitus type 2. It is also observed that Hs-CRP 

levels are the sensitive marker for inflammation. Moreover this study also concludes that 

elevated Hs-CRP level significantly different with different age groups of diabetes mellitus 

individuals. 
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Figure 1: ROC curve of BMI, Fat%, Waist circumference, Waist hip ratio for 

prediction of Fasting blood glucose 

CONCLUSION 

We demonstrated the significant association of low grade inflammation as indicated by 

elevated Hs-CRP levels with type 2 diabetes mellitus. It was also concluded that advanced 

age, obesity and dyslipidaemia were the major correlates of higher Hs-CRP levels. To help 

the type 2 diabetic patients from the very beginning in respect of the prognostic view of 

macro vascular risk, estimation of serum Hs-CRP in the early stage may be a positive 

enthusiastic intervention. Further studies are required to evaluate Hs-CRP as a predictor of 

deranged cardiovascular risk factors and to explore the influence of obesity, sugar, lipids and 

other modulators on its elevation. 
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