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 Abstract 

Back ground: Metabolic syndrome is risk factor for diabetes and inflammation is the characteristic of metabolic 

syndrome. The C-reactive protein (CRP) is highly conserved and preferred marker of inflammation.  

Objective: This cross sectional study was conducted on newly diagnosed type 2 diabetic patients to evaluate the 

status of CRP with potential risk factors of diabetes including glycemic levels, obesity and lipid profile on their first 

visit to Amin Hayat Memorial Hospital Lahore. 

Methods: In this study a total of 100 subjects with age range 40-65 years were included. The subjects were stratified 

into 4 categories underweight, normal weight, overweight and obese subjects according to Asian standards. Different 

demographic parameters age, gender, BMI, waist circumference, WHR, B.P, personal history, socioeconomic status 

were recorded. Serum CRP level was assessed by ELISA technique. Lipid profile was assessed by Hitachi chemical 

analyzer. 

Results: It was concluded from the present study that serum CRP level (mg/L) and triglyceride level (mg/dl) were 

significantly higher among newly diagnosed type-2 diabetic subjects and CRP was significantly associated with 

indices of metabolic syndrome (BMI, Lipid profile) and random glucose level (<0.05) among diabetic subjects. 

Keywords: C-reactive protein; Diabetes; BMI; Metabolic syndrome 

Abbreviations: CRP: C- Reactive Protein; BMI: Body 
Mass Index; WHR: Waist Hip Ratio; ELISA: Enzyme 
Linked Immunosorbent Assay; CVD: Cardiovascular 
Disease; LDL: Low Density Lipoprotein; HDL: High 
Density Lipoprotein 
 

Introduction 

     An increase in the incidence and prevalence of 
diabetes mellitus and its complications has been 
observed in recent decades [1]. In Pakistan according to 
the National Health Survey the prevalence of diabetes 
among the population age >35 years, is 22.4% [2].High 
sensitive C - reactive protein is preferred and sensitive 
marker of inflammation [3]. CRP is a highly conserved 
plasma protein [4]. Levels of CRP in plasma usually rise 
dramatically after myocardial infarction. When glucose 

level is increased in blood a number of intracellular 
proteins are released from the damaged cells [5]. 
Chronic Inflammation has been postulated to play a role 
in the pathogenesis of diabetes mellitus [6]. Insulin 
resistance, obesity and lipolysis act as inflammatory 
stimulus for the elevated level of CRP and CRP 
measurement predicts the diabetes [7,8]. CRP level is 
low in prediabetic subjects and elevated levels predict 
diabetes. Elevated level indicates that there is high risk 
for development of diabetes and CVD [9,10].Diabetic 
subjects with metabolic syndrome have high risk for 
CVD than diabetic subjects without metabolic syndrome 
[12,13]. Limited information is available about the 
relationship of CRP with other indices of metabolic 
syndrome from Pakistani population. This study was 
conducted to evaluate the association between CRP and 
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other traditional risk factors of diabetes among newly 
diagnosed type 2 diabetic subjects. 
 

Materials and Methods 

     This cross-sectional study was conducted on 100 
newly diagnosed diabetic subjects (age range 40-65 
years) who attended the Amin-Hayyat Memorial 
Hospital in Lahore from Jan 2010 to June 2010. During 
the study period these subjects were diagnosed as 
hyperglycemic. They were informed verbally to visit the 
clinic after 12-hrs fast for detailed checkup. All the 
subjects in the study completed a questionnaire that 
included information about the subject΄s age, height, 
weight, BMI, WHR ratio, personal habits, family history 
of diabetes, duration of disease, disease history, dietary 
pattern, systolic and diasystolic blood pressure, and 
socioeconomic status of the subjects.  
 
     We calculated the body mass index by measuring the 
weight of each subject in kilogram and individual body 
weight is divided by the square of his or her height. 
WHR was also calculated. 
 
     Baseline biochemical tests included both fasting and 
random blood glucose levels and lipid profile 
(triglyceride, cholesterol, HDL and LDL) by chemistry 
analyzer. Cholesterol CHOD-pap kit was used for the 
cholesterol assessment by Hitachi 902 biochemical 
analyzer. Cobas triglycerides GPO-PAP kit was used for 
the assessment of serum triglyceride by using Hitachi 
902 biochemical analyzer. Cobas HDL-C plus 3rd 
generation kit was used for the measurement of HDL 
serum cholesterol. CE Fluitest LDL- Cholesterol kit was 
used for the LDL measurement (Hitachi 902 Chemistry 
analyzer).  
 
     CRP was measured by using high sensitive 
sandwiched enzyme linked immunoassay. The high 
sensitivity C-reactive protein (hsCRP) kit is intended for 
the quantitative determination of C-reactive protein 
(CRP) in human serum. In general population reference 
range for CRP is 0.05-0.20 mg/l (Naik, 2007). CRP level 
is a criteria to diagnose the diabetes. Patients with CRP 
level below this range were considered to be normal 
and patients above this range were diabetics.  

 
Statistical Analysis 

     Statistical analysis of demographic and biochemical 
parameters was performed. The difference between the 
groups and within the groups was done by ANOVA 
using Post Hoc Tukey test. Pearson’s correlation was 
calculated to find the correlation between CRP and 
glycemic level. All the statements of significance are 

based on the 0.05 level of probability at 95% confidence 
interval. All the statistical analysis applied in this study, 
was done by using SPSS version 13.0. 
 

Results 

     The study was conducted on newly diagnosed type-2 
diabetic patients to evaluate the serum CRP and its 
relationship with indictors of metabolic syndrome.  
 

Anthropometric Measurement 

     Mean age value for all the subjects was 51.52 ± 0.787 
years, mean value for the BMI was 25 ± 0.458 kg/m2 
and mean value for the WHR was 1.002 ± 0.0008 cm.  
 

BMI 

     Subjects were stratified into four groups on the basis 
of BMI. 9% subjects were included in the underweight 
group, 39% subjects were included in the normal 
weight group, 30% subjects were included in the 
overweight group and 22% subjects were in obese 
group. Descriptive Statistics revealed that the mean 
values for these BMI groups were 17.267 ± 0.267 kg/m2, 
21.607 ± 0.216 kg/m2, 26.391 ± 0.207 kg/m2, 33.424 ± 
0.677 kg/m2 respectively. The number of individuals in 
underweight group (<18.5 kg/m2) was 8. Mean age 
value for this group was 52.6 ± 1.84 years; mean value 
for WHR was 0.974 ± 0.016 cm, mean value for random 
glucose was 276.2 ± 16.8 mg/dl. Mean value for CRP 
was 2.30 ± 0.80 mg/l and showing significant difference 
at p<0.05. The number of individuals in normal weight 
group (18.5-24.9 kg/m2) was 35. Mean age value for 
this group was 50.3 ± 1.47 years; mean value for WHR 
was 1.02 ± 0.01 cm, mean value for random glucose was 
278 ± 8.44 mg/dl. Mean value for CRP was 3.82 ± 0.39 
mg/l and showing significant difference at p<0.05. The 
number of individuals in overweight group (25-29.9  
kg/m2) was 27. Mean age value for this group was 51.9 
 ± 1.25 years; mean value for WHR was 0.99 ± 0.009 cm, 
mean value for random glucose was 290.1 ± 6.94 mg/dl 
and mean value for CRP was 4 ± 0.54 mg/l (p<0.05). 

      The number of individuals in obese group (≥30 
kg/m2) was 20. Mean age value for this group was 52.7 
± 1.38 years; mean value for WHR was 2.96 ± 1.97 cm, 
mean value for random glucose was 294.1 ± 8.87 mg/dl 
and mean value for CRP was 4.33 ± 0.59 mg/l (p<0.05) 
(Table 1). 

 
 
 
 
 

Parameters Underweight Normal weight Overweight Obese ANOVA 
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(n) (n) (n) (n) 
 

8 35 27 20 p-value 

mean ± SEM mean ± SEM mean ± SEM mean ± SEM 
 

Age (years) 52.6 ± 1.84 50.3 ± 1.47 51.9 ± 1.25 52.7 ± 1.38 - 

WHR (cm) 0.974 ± 0.016 1.02 ± 0.01 0.99 ± 0.009 2.96 ± 1.97 - 

Fasting glucose(mg/dl) 212.3 ± 14.5 192.8 ± 7.90 194.4 ± 7.41 198 ± 9.68 >0.05 

Random glucose(mg/dl) 276.2 ± 16.8 278 ± 8.44 290.1 ± 6.94 294.1 ± 8.87 <0.05* 

Cholesterol (mg/dl) 194.7 ± 11.7 192 ± 5.74 189 ± 7.22 190 ± 8.64 >0.05 

Triglyceride (mg/dl) 198 ± 20.5 216 ± 13.5 232 ± 21.6 233 ± 15.8 <0.05* 

HDL (mg/dl) 38.4 ± 1.91 39.4 ± 0.8 39.57 ± 1.93 38.69 ± 0.97 >0.05 

LDL (mg/dl) 134.3 ± 10.6 124 ± 4.44 117.4 ± 5.61 114 ± 5.17 >0.05 

CRP (mg/l) 2.34 ± 0.80 3.82 ± 0.39 4 ± 0.54 4.33 ± 0.59 <0.05* 

Table 1: Demographic and Biochemical Characteristics of Study Population by BMI groups 

* Significant 
     Data is presented in the form of mean and standard 
error mean. 
 

Biochemical Analysis 

Glycemic Level 

     Mean concentrations of fasting and random glucose 
were 195.93 ± 4.58 and 286.83 ± 4.34 mg/dl 
respectively. Glycemic level was observed in BMI 
groups. The mean concentration of random glucose 

294.1 ± 8.87 mg/dl was significantly higher in obese 
subjects (BMI 4) when compared with overweight, 
normal weight and underweight subjects (p <0.05) and 
the mean random glucose concentration 276.2 ± 
16.8mg/dl was significantly lower in underweight 
subjects (BMI 1) when compared with normal, 
overweight and obese subjects (p<0.05).  

 
Lipid Profile 

     A significant gender difference for lipid profile was 
observed (p<0.05) (Table 1). 

Data is presented in the form of mean and standard error mean. 
Table 2: Demographic and Biochemical Characteristics of Study Population 

 

 

 

 

C- Reactive Protein 

Parameters 
All Male Female 

mean ± SEM mean ± SEM mean ± SEM 

Age (Years) 51.52 ± 0.787 53.63 ± 0.924 48.4 ± 1.3 

Height (cm) 166.8 ± 1.21 170.2 ± 1.67 161.4 ± 1.47 

Weight (kg) 69.08 ± 1.14 73.42 ± 1.36 62.58 ± 1.69 

BMI (Kg/m2) 25 ± 0.458 25.7 ± 0.54 25 ± 0.811 

Waist (cm) 97.69 ± 0.962 96.83 ± 1.35 98.98 ± 1.29 

Hip (cm) 97.28 ± 0.738 96.51 ± 0.99 98.43 ± 1.07 

WHR 1.002 ± 0.008 1 ± 0.01 1.003 ± 0.008 

Fasting Glucose(mg/dl) 195.93 ± 4.58 196.7 ± 5.6 194.87 ± 7.82 

Random Glucose(mg/dl) 286.83 ± 4.34 283.62 ± 5.49 295 ± 7.08 

Cholesterol (mg/dl) 189 ± 3.74 186 ± 4.96 192 ± 5.7 

Triglycerides (mg/dl) 223 ± 112.65 225 ± 10.6 204 ± 16.8 

HDL (mg/dl) 39.1 ± 0.702 38.4 ± 0.577 40 ± 1.53 

LDL (mg/dl) 121 ± 2.84 118 ± 3.62 125 ± 4.55 

CRP (mg/l) 3.86 ± 0.26 3.90 ± 0.34 3.8 ± 0.43 
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     CRP was compared in different BMI groups, in 
addition to this CRP was associated with glycemic 
levels. The mean CRP concentration 4.33 ± 0.59 mg/l 
was significantly higher in obese subjects (≥30 kg/m2) 
when compared with overweight subjects (25-29.9 
kg/m2) 4 ± 0.44 mg/l (p <0.05). The mean CRP 
concentration 4 ± 0.44 mg/l was significantly higher in 
overweight subjects when compared with normal 
subjects (18.5-24.9 kg/m2) 3.82 ± 0.39mg/l (p <0.05). 
The mean CRP concentration 3.82 ± 0.39 mg/l was 
significantly higher in normal subjects when compared 
with underweight subjects (<18.5 Kg/m2) 2.34 ± 0.80 
mg/l (p <0.05). A comparison of the serum CRP 
concentration among different BMI groups has been 
shown by the bar graph that revealed the highest value 
of CRP was in the obese group (≥30 kg/m2) (Figure 1). 
Statistical analysis reveals that there was significant 
difference between CRP and BMI groups (p<0.05). 
Significant correlation was observed between CRP 
(mg/L) and BMI (kg/m2) (r =0.123, p <0.05). As shown 
in (Figure 2). Significant correlation was observed 
between CRP (mg/L) and Random glucose (mg/dl) for 
fasting glucose (Figure 3, 4). Correlation values for them 
were (r =0.98, p<0.01) and (r = -0.43, p<0.05) 
respectively. 
 

 

Figure 1: Comparison of the C-Reactive protein among 
different BMI groups. 
BMI 1: Underweight subjects (<18.5 Kg/m2). 
BMI 2: Normal weight subjects (18.5-24.9 kg/m2). 
BMI 3: Overweight subjects (25-29.9 kg/m2). 
BMI 4: Obese subjects (≥30 kg/m2). 
 
 Significance 
 *-- Difference between the groups (BMI 1 and BMI 2, 
BMI 1 and BMI 3) is significant (p < 0.05). 
 **-- Difference between the groups is highly significant 
(BMI 1 and BMI 4) (p < 0.01). 
 
 

 

Figure 2: Correlation between serum CRP (mg/l) and 
BMI.  
 
 

 

Figure 3: Correlation between serum CRP (mg/l) and 
Random glucose level (mg/dl). 
 
 

 

Figure 4: Correlation between serum CRP (mg/l) and 
Fasting glucose level (mg/dl). 
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Discussion 

     Diabetes mellitus is one of the most abundant 
disorders. In an estimate it was observed that 6.2 
million people have diabetes in Pakistan. This is 
expected to rise up to 11.6 million by 2050 [14]. 
Sedentary lifestyle and nutrional habits have increased 
the obesity among populations. Obesity is a major 
metabolic disorder for diabetes and other complications 
[15]. The metabolic syndrome which comprises the 
central obesity is a risk factor for the development of 
diabetes [16]. In this study we assess the relationship of 
CRP with indices of metabolic syndrome and type 2 
diabetes. Increased level of the nontraditional risk 
factor CRP is associated with metabolic syndrome and 
type2 diabetes. In obese subjects gain in body weight 
was observed which was higher than normal group. 
This weight gain in diabetic subjects may be due to the 
reduction in removal rate of cholesterol and 
triglycerides which is due to the decrease in the lipolytic 
activity. In underweight subjects loss in body weight 
was observed than normal subjects. This reduction in 
weight may be due to the accelerated rate of 
degradation of most lipids out of proportion to 
synthesis, so body lipid depot consequently become 
depleted and levels of various plasma lipid components 
fall. In the present study BMI was positively associated 
with the CRP (r =0.123) and a strong risk factor for the 
occurrence of metabolic syndrome and diabetes. Mean 
concentration of CRP increases with increasing BMI. 
CRP value is significantly higher in obese subjects and 
CRP value is significantly lower in underweight 
subjects. In present study Random plasma glucose was 
closely associated with CRP. There was a positive 
significant correlation between them (r =0.98) which 
indicate direct relation between CRP and Random 
plasma glucose. Obese subjects have elevated CRP level 
than overweight subjects because obese subjects have 
high random plasma glucose level than plasma glucose 
level of overweight subjects. Similarly CRP level of 
overweight subjects was high than normal weight 
subjects and CRP level of normal subjects was high than 
underweight subjects because random glucose level of 
overweight subjects was high than normal weight 
subjects and random glucose level of normal subjects 
was high than underweight subjects. This result 
indicates that as plasma glucose level was increased, 
CRP concentration was also increased. Our finding 
about Fasting glucose level reveals that it was not 
significantly associated with CRP. In present study 
15.5% individuals were observed whose CRP level is 
less than 1 mg/l and have low risk for diabetes. 53.3% 
individuals were observed whose CRP level is between 
1-3 mg/l and have moderate risk for diabetes. 31.1% 
individuals were observed whose CRP level is greater 
than 3 and have high risk for diabetes. No individual 

was observed whose CRP is greater than 10 mg/l. Waist 
circumference, triglycerides, fasting plasma glucose 
concentration and blood pressure are important risk 
factors for diabetes. In the present study triglyceride 
level was positively associated with the BMI and a 
strong risk factor for the occurrence of diabetes. In this 
study we observe that there was no significant 
difference in HDL, LDL and cholesterol levels of 
overweight and obese subjects. The difference among 
the groups is non-significant (p>0.05) according to 
statistical analysis. These results showed that there was 
no association between BMI and lipid profile. 
Conflicting results from other studies have been 
reported. This may be due to socioeconomic factors 
which determine the access to health center.  
It was concluded from the present study that serum 
CRP level and triglycerides level were significantly 
higher in newly diagnosed type-2 diabetic subjects and 
it was significantly associated with indicators of 
metabolic syndrome BMI, Lipid profile and random 
glucose level among diabetic subjects but association 
was not significant with fasting glucose level.  
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