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Abstract 
 

It has been shown that low grade inflammatory state is associated with cardiovascular risk. 
High sensitive C-reactive protein (hs-CRP), a non specific inflammatory marker has been 
shown to be increased in metabolic syndrome a risk state for the development of cardiovas-
cular disease and type-2 Diabetes mellitus. Obesity is a predisposing condition to metabolic 
syndrome. Therefore, this study was intended to measure hs-CRP levels in obese females to 
assess their risk status. 55 healthy adult obese females with BMI>23kg/m2 were taken as cas-
es and 55 age matched healthy adult non-obese females with BMI<23kg/m2 were taken as 
controls. Anthropometric measurements (Waist circumference, Hip circumference & Waist 
to Hip ratio) and biochemical estimations (blood glucose, high sensitive C - reactive protein 
& lipid profile) were carried out. There was significant increase in Waist circumference, 
fasting blood sugar, Total cholesterol, Triglyceride, VLDL, LDL levels and hs-CRP levels in 
obese females as compared to controls. Blood glucose levels & lipid profile were within the 
reference range in both obese and non obese females. hs-CRP did not show any correlation 
with blood glucose or lipid profile. hs-CRP behaved as an independent inflammatory mark-
er in obesity. Therefore, hs-CRP might be an early novel marker of inflammation, for iden-
tifying the obese females who are at risk for obesity related co-morbidities.       
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Introduction 
 
Obesity is a chronic disorder prevalent in both developed 
and developing countries. It has been found that, in India 
55% of women between the age group of 20 and 69 years 
are overweight [1]. Obesity is one of most significant 
contributors to morbid conditions like metabolic syn-
drome, type-2 Diabetes mellitus and cardiovascular disor-
ders (CVD) [1]. It has been shown that proinflammatory 
molecules contribute to the development of complications 
in obesity [2]. hs-CRP a non specific inflammatory 
marker is synthesized by liver in response to stimulation 
by proinflammatory cytokines derived from several 
sources including adipocytes [4]. It is seen that hs-CRP is 
increased in metabolic syndrome, a risk state for the de-
velopment of cardiovascular disease and type-2 Diabetes 
mellitus. Therefore, this study was intended to measure 
hs-CRP levels in healthy obese females who are at risk 
for metabolic syndrome. Also, there are very limited stud-
ies on the role of hs-CRP in female obese individuals.  
 

Materials and Methods 
 
The study was conducted on patients attending the Endo-
crinology Department at M S Ramaiah Medical College, 

Bangalore in South India. The study was conducted after 
taking the required Ethical clearance from the Institute 
and all women who signed the informed consent partici-
pated in the study. Two groups of normotensive, normo-
glycemic adult females of the age group 20-70yrs were 
selected. Group-I as cases comprised of 55 women with 
BMI>23kg/m2 and Group II - 55 non-obese women as 
controls with BMI<23 kg/m2 as per WHO standards for 
Asians [9].Women aged between 20-70 years were in-
cluded. Subjects with history of diabetes mellitus, endo-
crinal disorders, smoking, hypertension, cardiac diseases, 
bronchial asthma, acute or chronic inflammatory diseases, 
autoimmune diseases, on medications like steroids, antip-
sychotic drugs, women with menstrual disorders, PCOD 
& all known parameters that may affect CRP or lipid pro-
file were excluded from the study. Weight, Height, Waist 
circumference & Hip circumference; BMI (body weight 
in Kg/height in m2) and Waist to hip ratio (WHR) were 
calculated were recorded in non-obese and obese group.  
 
Waist circumference was taken midway between the infe-
rior margin of the last rib and the crest of the ilium in a 
horizontal plane. Hip circumference (HC) around the pel-
vis at the point of maximal protrusion of the buttocks. Cut 
off points for obese Asian women were BMI>23kg/m2 
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waist>80cm, WHR>0.88 as per WHO standards for 
Asians [9]. Blood samples were taken for the determina-
tion of the fasting blood sugar, post prandial blood sugar, 
lipid profile and high-sensitivity C - reactive protein. Es-
timation of serum High-sensitivity C - reactive protein 
(hs-CRP) was carried out by turbidimetry latex-high sen-
sitivity kit (Biosystems S.A. Costa Brava, Barcelona 
[Spain]) method [10]. Blood glucose was assayed by the 
glucose oxidase kit (Vital Diagnostics Pvt. Ltd, Mumbai) 
method [11], serum cholesterol by the end point enzy-
matic kit (Bio systems, S.A Barcelona [Spain]) method 
[12], HDL-cholesterol by phosphotungstate Precipitation 
kit (Bayer Diagnostics, Baroda) method [13],serum tria-
cylglycerol by glycerol phosphate oxidase kit (vital diag-
nostics Pvt Ltd, Mumbai) method [13],LDL and VLDL 
were calculated from the estimated values of cholesterol, 
triglyceride and HDL-C, using the equation of Frieldwald 
et al [13]   

 
Statistical analysis 
Values were expressed as Mean ± SD. Statistical com-
parisons were carried out by student‘t’ test and ANOVA 
tests. Correlations were done by calculating Pearson’s 
correlation coefficient. All statistical analysis were done 
at 5% level of significance using SPSS software, version 
16. 

 
Results 
 
Results are shown in the Tables 1, 2, 3, 4 & 5 Waist cir-
cumference & Hip circumference were significantly ele-
vated in obese group compared to the control group. FBS,  
 

PPBS and lipid profile were in the normal range.  Al-
though there was a significant increase in FBS, total cho-
lesterol, TG, LDL, VLDL & Hs-CRP levels in the obese 
group when compared to non-obese group but there was 
no significant change in WHR and HDL-C levels when 
compared with non obese Group (Table 1).  

 
There was a positive correlation between Waist circum-
ferences and FBS(r=0.267, P=0.49), TG(r=0.286, 
P=0.034) and TC(r=0.289, P=0.033) in obese group. The 
increase in both hs-CRP and LDL-C in obese group was 
independent of waist circumference. There was no corre-
lation with WHR (Table 2).  
 
When study group was further divided based on age into 
20-29 yrs, 30-39 yrs, 40-49 yrs and 50-59 yrs. Among the 
age groups(20-29 yrs, 30-39 yrs, 40-49 yrs), there was 
significant increase in waist and Hip circumferences & 
biochemical parameters such as FBS, Total Cholesterol, 
Triacylglycerol and Hs-CRP in obese individuals com-
pared to non-obese controls. In the age group between 50-
59 yrs, there was significant increase in waist and Hip 
circumferences, WHR & biochemical parameters such as 
FBS, PPBS and Hs-CRP obese individuals compared to 
non-obese controls (Tables 3, 4).But more significant 
finding among 30-39 yrs age group, there was a positive 
correlation between BMI and WC (r=0.474, P=0.019), 
HC (r=0.602, P=0.002), TG (r=0.479, P=0.018) and 
VLDL-C (r=0.479, P=0.018) in obese persons. But con-
trols of same age group showed negative correlations be-
tween BMI and hs-CRP(r=-0.613, P=0.002).The increase 
in hs-CRP & LDL-C in obese persons was independent of 
WC and BMI (Table 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Anthropometric and Biochemical parameters of Groups I and II. 
 

  
Group I 
(n=55) 

 

Group II 
(n=55) 

 

BMI(kg/m2)  31.04±4.23** 20.20±2.06 

WC(cm) 95.38±9.39** 75.69±8.27 
HC(cm) 109.12±9.08** 87.76±8.07 
WHR 0.87±0.073 0.86±0.06 
FBS(mg/dl) 92.55±13.34** 82.62±10.31 
PPBS(mg/dl) 107.78±14.74 106.62±12.63 
TG(mg/dl) 155.11±26.80* 146.76±17.41 
TC(mg/dl) 181.8±19.64* 169.79±19.90 
HDL-C(mg/dl) 41.51±4.13 41.38±2.15 
LDL-C(mg/dl) 109.26±18.24* 98.97±18.76 
VLDL-C(mg/dl) 31.02±5.36 29.35±3.482 

Hs-CRP(mg/L) 8.83±3.04** 3.01±1.61 
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Table 2. Correlations between anthropometric and biochemical parameters in obese female individuals 
 
PARAMETERS R VALUE p VALUE 
WC and FBS 0.26 <0.05(significant) 
WC and TC 0.28  <0.05(significant 
WC and TAG 0.28 <0.05(significant) 
WC and CRP 0.45 >0.05( not significant) 
 
 

** P<0.001 
* P<0.05 
 
Table 3. Age-related intra-group comparison of anthropometric and biochemical parameters between obese individuals 
and non-obese controls 

 
Table 4. Age-related intra-group comparison of Lipid Profile & Hs-CRP between obese individuals and non-obese con-
trols 

20-29 YRS 30-39 YRS 40-49 YRS 50-59 YRS  
 
 
 
 

Grou
p 

N Mean 
±S.D 

p N Mean± 
S.D 

p N Mean 
±S.D 

P N Mean±S.D P 

Obese 9 104.7  
±18.0 

29 95.13± 
9.02 

14 98.07±8.18 
 

8 91.87±11.6 WC 
 cm 

Non 
Obese 

2
5 

77.64 
  ± 6.26 

<0.05 

28 74.35± 
9.77 

<0.05 

4 77.25±8.38 
 

<0.05 

3 63.33±4.93 

<0.05 

Obese 9 116.4 
   ± 
15.59 

29 109.1± 
6.83 

14 112.1±7.8 
 

8 104.1±15.6 HC 
cm 

Non 
Obese 

2
5 

88.64 
  ± 
6.19 

<0.05 

28 85.57± 
9.98 

<0.05 

4 94±5.4 
 

<0.05 

3 81.33±10.0 

<0.05 

Obese 9 .8971 
±.06 

29 .8733± 
.08 

14 .87±.07 8 .88±.05 WHR 

Non 
Obese 

2
5 

.8766                  
±.05 

>0.05 

28 .86± 
.05 

>0.05 

4 .82±.11 

>0.05 

3 .78±.07 

<0.05 

Obese 9 96.67 
±12.38 

29 89.83 
12.63 

14 93.21±13.4 8 95.5±18.17 FBS 
mg/dl 

Non 
Obese 

2
5 

83.08 
±9.42 

<0.05 

28 83.07 
10.55 

<0.05 

4 86.00±14.3 

<0.05 

3 71.33±1.53 

<0.05 

Obese 9 110 
±11.6 

29 106.6 
15.74 

14 109.7±13.5 8 108.7±17.7 PPBS 
mg/dl 

Non 
Obese 

2
5 

106.8 
±11.1 

>0.05 

28 108.2 
11.53 

>0.05 

4 102.2±16.4 

>0.05 

3 82.33±8.02 

<0.05 

20-29 YRS 30-39 YRS 40-49 YRS 50-59 YRS  
 
 
 

Group 

N Mean 
±S.D 

p N Mean
±S.D 

p N Mean 
±S.D 

P N Mean 
±S.D 

P 

Obese 9 189.4 
±10.9 

29 180.1 
±20.5 

14 177.5 
± 
21.19 

8 186.12 
±19.28 

TC 
mg/dl 

Non 
Obese 

25 168.4 
±20.5 

<0.05 

28 171.8 
±16.8 

<0.05 

4 160 
±34.7 

<0.05 

3 179.33 
±3.78 
 

>0.05 

Obese 9 162 
±18.9 

29 157.0 
±27 

14 151.7 
±35.4 

8 156.13 
±23.03 

TAG 
mg/dl 

Non 
Obese 

25 146.3 
±15.2 

<0.05 

28 147.4 
±21.5 

<0.05 

4 150 
±16.0 

<0.05 

3 154.00 
±11.53 

>0.05 
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Table 5. Correlations between anthropometric and bio-
chemical parameters in 30-39 yrs aged obese group 
 

Parameters R Value p Value 
 

BMI and WC 0.47 <0.05 (significant) 
BMI and HC 0.60  <0.05 (significant) 
BMI and TG 0.47   <0.05 (significant) 
BMI and CRP 0.75 >0.05 ( not significant) 

 
 
 

Discussion 
 
The expansion of the adipose tissue leads to the altered 
production of proinflammatory molecules and results in 
low-grade inflammation. The increase in hs-CRP levels 
indicates a state of low-grade inflammation in the obese 
group [14]. Cut-off limits >3 mg/L in Hs-CRP levels in-
dicates low-grade inflammation, which in turn might be a 
prognostic marker for further cardiovascular events [15]. 
In the present study, high hs-CRP levels in obese subjects 
may suggest the ongoing inflammation. The increase in 
hs-CRP levels in the younger & middle aged obese group 
shows that even they are at risk of developing obesity 
related co-morbidities. Thus, we can target obese popula-
tion of younger age group at the earliest, through estima-
tion of hs-CRP. The present study also shows that hs-CRP 
levels are independent of BMI, waist circumference, FBS 
& LDL-C.  

 
BMI is a measure of mass, but doesn’t represent central 
adiposity. Waist circumference and W/H ratio are prefer-
able indices for visceral adiposity. In the present study 
waist circumference was significantly higher in the obese 
group compared with non- obese group. WHR did not 
show any significant change in obese group when com-
pared with non-obese group. Also waist circumference is 
positively related to FBS, Total Cholesterol & Triacyl-
glycerol which shows that in women, the waist circumfer-
ence appeares more closely related to the metabolic vari-
ables than the WHR. This study also shows that waist 
circumference can be better measure of visceral obesity 

associated with metabolic abnormalities that increase the 
risk of type 2 diabetes mellitus [19]. 
 
In obesity, there is altered glucose metabolism, which 
may be due to significant reduction in the insulin sensitiv-
ity [20].The fasting and postprandial blood sugar levels 
were within normal limits in obese. However fasting 
blood sugar levels higher in obese persons when com-
pared to non-obese controls shows that obese are predis-
posed to develop metabolic syndrome. The lipid profile, 
which included Total Cholesterol, triacylglycerol, HDL-
C, LDL and VLDL, were within normal limits showing 
that obese subjects in this study were not dyslipidemic. 
However, Total Cholesterol, triacylglycerol, LDL and 
VLDL were increased in obese compared to non-obese. 
This shows that obese individuals with higher BMI tend 
to have altered lipid profile levels. 
 
Though, the FBS, PPBS, lipid profile & hs-CRP were 
increased in obese females, there was no positive correla-
tion between hs-CRP and other biochemical parameters. 
Therefore, hs-CRP behaves as an independent marker in 
obese females. It can also be noted that all biochemical 
parameters of this study are with in the reference ranges 
and only hs-CRP being increased i.e. even before dyslipi-
demia & insulin resistance sets in, there is an onset of 
inflammation which can be identified by the measurement 
of hs-CRP.  
 
Thus hs-CRP can be an early novel inflammatory marker 
in the healthy obese females. Interventional measures like 
change in nutritional habits and increase in physical activ-
ity in order to lose weight and improve insulin sensitivity 
also reduce hs-CRP levels [22]. Thus, hs-CRP can also be 
used as a tool for assess the prognosis in obese females 
also. 
 
Major limitation of this study is that, this is a cross sec-
tional study with small sample size. Therefore a. prospec-
tive study is required to stratify the risk category among 
obese. Moreover study of pro-inflammatory molecules 
like adipokines- TNF-α, leptin & resistin in overweight 
and obese subjects along with hs-CRP may help to eluci-
date the role of inflammation in obesity. 

Obese 9 39.78 
±3.35 

29 41.21 
±2.74 

14 44.07 
±5.94 

8 40.13 
±2.3 

HDL 
mg/dl 

Non 
Obese 

25 41.08 
±2.14 

>0.05 

28 41.93 
±2.37 

>0.05 

4 41.50
±1.0 

>0.05 

3 40.67 
±1.15 

>0.05 

Obese 9 10.42 
±1.94 

29 8.93 
±2.93 

14 8.88 
±2.99 

8 7.58 
± 
3.67 

HsCRP 
mg/L 

Non 
Obese 

25 3.19 
±1.59 

<0.05 

28 3.26 
±1.85 
 

<0.05 

4 2.15 
±.73 

<0.05 

3 3.23 
±1.66 

<0.05 
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Conclusion 
 
The present study suggests that obesity is associated with 
pro-inflammatory changes as evident by increase in hs-
CRP levels in apparently healthy obese women. Thus, in 
normal, healthy, obese individuals the CRP levels can be 
used as a non specific marker for inflammatory processes 
and an independent marker of cardiovascular disease, type 
2 diabetes and metabolic syndrome. 
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