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INTRODUCTION
[1] India ranks second in the prevalence of diabetes mellitus after China. 

The International Diabetes Federation (IDF) has stated that in 2015, 
around 415 million people had Diabetes mellitus (DM) of which, India 
accounted for 69.1 million people.  IDF has also predicted the rise in 

[1]this number to be around 642 million by the year 2040. In India, the 
prevalence of DM ranges from 5–17%. The urban regions and the 
southern most parts of the country appear to be the major 

[2]contributors. Rapid social and cultural changes such as increased 
urbanization, changes in diet and lifestyle, reduced physical activity, 
and ageing population has resulted in an increase in the prevalence of 

[3]DM. Indians are also reported to have a greater degree of insulin 
[4]resistance and a greater genetic predisposition to diabetes.  Insulin 

resistance (IR) contributes widely to the development of type 2 DM 
[5] (T2DM). Hyperglycemia may lead to micro and macro vascular 

[6]complications or inflammation if the blood sugar is not controlled.  In 
addition, inflammation has been shown to play a key role in the 

[7]pathogenesis of T2DM.  Previous researches have reported the 
relation between some inflammatory biomarkers (PAI-1, IL-6, 
fibrinogen and High sensitivity C-reactive protein(hs-CRP)) and the 

[8-10]development of T2DM. Also, increase in serum hs-CRP level 
inT2DM and impaired glucose tolerance (IGT) has been studied which 

[8-11]can  be considered as an indicator for the development of T2DM.  
Although WHO recommends the conventional oral glucose tolerance 
test (OGTT) as the gold standard, estimation of glycated hemoglobin 
(HbA1c) and fasting plasma glucose (FPG) are simpler, cost effective 

[8,12-15]and convenient diagnostic methods used to diagnose T2DM. The 
association of anthropometric measurements such as body mass index 
(BMI) and waist-hip ratio(WHR) with the development of DM has 

[16-19]also been reported. Similar studies among prediabetic patients 
which would be beneficial in preventing the onset are limited and 
present an area for research. Based on this premise, the study was 
designed to estimate and correlate hs-CRP with HbA1c in diabetics, 
prediabetics and non-diabetic individuals and to correlate hs-CRP and 
HbA1c with anthropometric measurements such as BMI and WHR in 
the three groups.  

Methodology
The cross-sectional comparative study was conducted from October 
2017 to May 2019. The study was approved by the Institutional Ethics 
and Research Committee (DMCK/139/2017) The purpose and details 
of the methods used in the study were explained to all the participants. 
A written informed consent was obtained prior to the study. A total of 
93 patients between 25-70 years of age of which 30 were diabetic with 
clinically known type 2 diabetes mellitus (DM), 33 with family history 
of DM, Obesity and Hypertension (considered as pre-diabetic) and 30 
healthy non-diabetic patients without family history of DM, Obesity 
and Hypertension (as controls) were included. Patients with insulin 
dependent diabetes mellitus (IDDM) and with chronic inflammatory 
diseases such as rheumatoid arthritis (RA), Osteoarthritis (OA), 
systemic lupus erythematosus (SLE), autoimmune diseases, 
tuberculosis, stroke, hepatic or renal diseases, malignancy or 
undergoing chemotherapy/radiotherapy and pregnant women were 
excluded.

Anthropometric measurements such as height, weight, hip and waist 
girth of all the patients were recorded to calculate body mass 
index(BMI) and waist hip ratio(WHR). Fasting venous blood was 
collected (5ml) and levels of Glycated Hemoglobin (HbA1c) and high 
sensitivity C – Reactive Protein (hs-CRP) were estimated by high 
performance liquid chromatography Method, Immunoturbidimetric or 

[20, 21]Latex Method respectively. 

Statistical Analysis- All the data collected was statistically analyzed 
in R software (3.6.1). Kruskal-Wallis Test was used to find significant 
difference between the three groups. In the presence of significant 
difference between the three groups, post hoc analysis (multiple 
comparison) was performed by Dunn-test.  Correlations were assessed 
by Pearson correlation test. 

RESULTS- 
Demographic and clinical data of all the participants is given in table 1.

Table 1- Demographic And Clinical Data Of Sample (n=93)
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ABSTRACT
Background- Estimation and association of high-sensitivity C-reactive protein (hs-CRP) and glycated haemoglobin (HbA1c) in diabetic patients 
has been studied extensively. The objectives were to estimate and correlate hs-CRP with HbA1c and also to correlate hs-CRP and HbA1c with body 
mass index (BMI) and waist-hip ratio(WHR) in diabetic, pre-diabetic and non-diabetic group.  The cross sectional comparative Methodology- 
study was done on 93 patients of which 30 were known diabetic, 33 prediabetic patients with family history of diabetes mellitus, obesity and 
hypertension and 30 non-diabetic patients without family history of diabetes mellitus, obesity and hypertension. Anthropometric measurements 
were taken and body mass index (BMI) and waist hip ratio(WHR) were calculated. Levels of serum highly sensitive C reactive protein (hs-CRP) 
and glycated haemoglobin (HbA1c) were estimated in all the groups.   Although statistically insignificant, mean BMI and hs-CRP were Results-
higher in pre-diabetic group and WHR was higher in diabetic group (P>0.05). Mean HbA1c was significantly high in diabetic (P<0.01). Significant 
positive correlation was found between hs-CRP and HbA1c in prediabetic groups (r=0.3545; p=0.0429). BMI was significantly correlated with 
HbA1c in diabetics and pre-diabetics (r=-0.408, P=0.025; r=0.452, P=0.008 respectively). Risk of developing T2DM in near future  Conclusion- 
can be predicted by estimating hs-CRP and BMI of an individual. However, estimation of WHR and HbA1c can contribute significantly in 
glycemic management to avoid the further complications among diabetic patients.
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BMI- Body Mass Index; WHR- Waist Hip Ratio; hs-CRP- Highly 
Sensitive C-Reactive Protein; HbA1c- Glycated Hemoglobin

Table 2- Shows biochemical parameters and anthropometric 
parameters in diabetic, pre-diabetic and non-diabetic subjects.

Values where expressed as Mean ±SD
Gr. 1= Diabetic, Gr.2= Pre-diabetic, Gr.3= Non-diabetic
SEM= Structural Equation Modeling.
SD= Standard Deviation                                
CI= Confidence Interval

Table no 3- Mean Values Of BMI, WHR, hs- CRP & HbA1c with 
Diabetic, Pre-diabetic patients and non- diabetics. 

No significant difference was observed in mean BMI among the three 
groups (P>0.05). But, there was significant difference in mean HbA1c, 
WHR and hs-CRP among the three groups(P<0.01) (table 3). Further, 
Dunn test revealed significant differences in mean HbA1c between 
diabetic and pre-diabetic(P<0.001), pre-diabetic and non-diabetic 
(P<0.001) and non-diabetic and diabetic patients(P<0.001).

Table no 4- Correlation between different parameters with their 
groups 

r = Correlation coefficient, P<0.05 considered statistically 
significant, CI= Confidence Interval

No significant correlation was seen between BMI and hs-CRP in any 
group (P>0.05). A significant correlation was also noted between BMI 
and HbA1c of both diabetic, pre-diabetic patients and non-diabetic 
control (r=0.40, P=0.03; r=0.45, P=0.01; r=0.76, P=0.01 respectively). 
No significant correlation was seen between WHR and hs-CRP in any 
of the groups (P>0.05). However, there was a significant positive 
correlation between WHR and HbA1c (r=0.38, P=0.034). Positive 
correlation was found between hs-CRP and HbA1c in diabetic and pre-
diabetic groups (r=0.16; r=0.35 respectively).  This correlation was 
statistically significant in the pre-diabetic group (P=0.04).

DISCUSSION 
Diabetes Mellitus is one of the leading causes of morbidity and 
mortality worldwide. It has a resounding impact on the metabolism of 
the individual. Hyperglycemia increases concentration of end products 
resulting from advanced glycation.  Further, this end product activates 
macrophages and increases the oxidative stress. This in turn induces 
inflammation and induces the synthesis of cytokines such as 
Interleukin-1, 6 and tumor necrosis factor(TNF) which in turn leads to 

[22-24] increase in the serum hs-CRP level among diabetics. Elevation in 
the level of serum hs-CRP also seems to be associated with cytokines 

[25] derived from adipose tissue. The possible role of adipose tissue 
leading to inflammation in diabetic and pre-diabetic patients is poorly 
understood. Studies imply that increase in hs-CRP level among pre-

[26]diabetic patients marks the disease process. . Level of HbA1c 
increased significantly in diabetic patients compared to pre-diabetic 

[27-28]and non-diabetic patients.  HbA1c estimation has gained 
importance due to the inconvenience associated with OGTT and 
measuring fasting blood glucose.  It also has a huge advantage in that it 
signifies the average blood glucose level of over 8-12 weeks. The fact 
that it does not need any special preparation (fasting) and can be 
performed any time of the day has made it the method of choice in the 
diagnosis of diabetes. Although, the importance of HbA1c in the 
diagnosis and management of Diabetes is established, it is not 

[29]routinely used in many parts of the world. 

Although not statistically significant, positive correlation was found 
between hs-CRP and HbA1c in the diabetic and pre-diabetic group 
which can be attributed to the association of hyperglycemia and 

[26,30-31]inflammation. 

Although the difference was not statistically significant, BMI was high 
in pre-diabetic and diabetic patients (P=0.28). This concurs with the 
previous study reporting the connection of BMI with DM and stating 

[16] that overweight and obese people are at a risk of diabetes. Despite 
this, there was no significant correlation between BMI and hs-CRP in 
pre-diabetic patients (r=0.32, P=0.07). However, BMI significantly 
correlated with HbA1c of both diabetic, pre-diabetic patients and non-
diabetics control (r=-0.40, P=0.025; r=0.45, P=0.01; r=0.076, P=0.01 

[32]respectively). This contradicts previous reports. 

Despite being considered the most reliable anthropometric factor in 
detecting the risk of diabetes, WHR didnot significantly correlate with 
hs-CRP in any of the groups (P>0.05) However, a significant 

[33-34] correlation of WHR with HbA1c in diabetic patients was noted. All 
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Variables Diabetics 
(n=30)

Pre-diabetics 
(n=33)

Non-diabetics 
(n=30)

Mean age (years) 53.3 ± 7.05 49 ± 10.43 41.3 ± 9.53
Gender
Male 20 15 13
Female 10 18 17
Mean BMI (kg/m2) 25.73±3.37 26.85±4.65 24.98±3.96
Variables Diabetics 

(n=30)
Pre-diabetics 
(n=33)

Non-diabetics 
(n=30)

Mean WHR 0.91±0.11 0.89±0.15 0.88±0.15
Mean hs-CRP 
(mg/L)

2.68 ± 1.45 3.96 ± 5.27 1.89 ± 1.08

Mean HbA1c (%) 9.59 ± 2.29 6.06 ± 0.25 5.25 ± 0.21

Parame
ters

Grou
ps

No. of 
Subject
s(N)

Mean± SD SEM 95% CI

BMI 1 30 25.739±3.37 0.61 24.47-27.06
2 33 26.85±4.65 0.8 25.20-28.49
3 30 24.985±3.967 0.72 23.50-24.465

WHR 1 30 0.908±0.11 0.02 0.86-0.95
2 33 0.8857±0.15 0.026 0.83-0.94
3 30 0.8806±0.155 0.028 0.57-1.19

HbA1c 1 30 9.59±2.29 2.292 8.737-10.45
2 33 6.06±0.25 0.044 5.976-6.157
3 30 5.25±0.209 0.038 5.17-5.328

hs-CRP 1 30 2.686±1.45 0.265 2.14-3.23
2 33 3.96±5.27 0.917 2.09-5.83
3 30 1.88±1.08 0.197 1.48-2.29

Anthropometric 
& biochemical 
parameters 

Groups Coun
t

(Mean
±SD)

P Value

DM PDM NDM

BMI Diabetic 30 25.74±
3.37

- 0.28 -

Pre-
diabetic

33 26.85±
4.41

- - 0.09

Non-
diabetic

30 24.99±
3.97

0.43 - -

WHR Diabetic 30 0.91+0.
11

- <0.000
**1

-

Pre-
diabetic

33 0.89+0.
15

- - <0.000
**1

Non-
diabetic

30 0.88+0.
16

<0.00
**01

- -

hs-CRP Diabetic 30 2.69±1.
45

- <0.000
**1

-

Pre-
diabetic

33 4.71±5.
25

- - <0.000
**1

Non-
diabetic

30 1.88±1.
08

<0.00
**01

- -

HbA1c Diabetic 30 9.59±2.
29

- <0.000
**1

-

Pre-
diabetic

33 6.06±0.
25

- - <0.000
**1

Non-
diabetic

30 5.25±0.
21

<0.00
**01

- -

Parameters Groups r  Value P value 95% CI
hs-CRP and BMI 1 0.23 0.2 -0.13-0.55

2 0.32 0.07 -0.025-0.59
3 0.27 0.13 -0.09-0.58

hs-CRP and WHR 1 -0.23 0.21 -0.54-0.14
2 -0.17 0.32 -0.49-0.17
3 -0.13 0.48 -0.47-0.24

HbA1c and BMI 1 -0.4 0.025 -0.67-0.05
2 0.45 0.01 -0.129-0.688
3 0.076 0.01 -0.29-0.42

HbA1c and WHR 1 0.38 0.034 0.050-0.65
2 -0.12 0.49 -0.44-0.23
3 -0.12 0.5 -0.46-0.24

HbA1c and hs-CRP 1 0.16 0.37 -0.2-0.49
2 0.35 0.042 0.012-0.62
3 -0.14 0.43 -0.48-0.22



the above findings indicate that estimation of hs-CRP, HbA1c and BMI 
could help in determining the risk of developing DM. 

CONCLUSION 
Mean BMI and hs-CRP are comparatively higher in pre-diabetic 
patients while mean WHR and HbA1c are higher in diabetic patients.  
Evaluation of these factors can contribute towards identifying the risk 
of developing DM among individuals and management of blood sugar 
levels among diabetic patients to reduce complications. 
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