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IntrOductIOn
Overweight and obesity in India is a major growing health concern 
due to its increasing prevalence in younger and adult population 
[1,2]. This makes those people vulnerable to various metabolism 
related diseases like diabetes mellitus, hypertension, ischaemic 
heart disease and cerebrovascular accidents and cancers [2,3]. 
Accumulation of fat may be due to excess calorie intake, lack of 
exercise, and interaction of various socioeconomic, environmental 
and genetic factors [2,3]. Adipose tissue produces numerous pro-
inflammatory cytokines such as Interleukin-1 (IL-1), Tumour Necrosis 
Factor-α (TNF-α) and Interleukin-6 (IL-6) which are important factors 
in the synthesis of hs-CRP in liver. Elevated hs-CRP levels help in 
predicting future risk of diabetes mellitus, ischaemic heart diseases, 
and cerebrovascular accidents in healthy obese people [3,4,5]. 

We studied the association between overweight and obesity based 
on BMI in relation to serum hs-CRP levels. We individually assessed 
the relationship between hs-CRP and Fasting Blood Sugars (FBS), 
central obesity, and fasting lipid profile.

MAtErIALS And MEtHOdS
The current cross-sectional study was conducted at outpatient 
Department of Medicine, in Kasturba Hospital, Manipal from 
October 2014 to June 2016. Ethical clearance was taken from 
Kasturba hospital’s ethical committee before the start of the study 
(IEC NO. 615/2014). Total 228 subjects who came for routine health 

check-up were included after written and informed consent. The 
specific questions were asked regarding subjects selection criteria. 
Data were collected after physical examination and laboratory 
investigations. 

Selection of Participants
The study included three groups of normotensives, normoglycemic 
adults of the age group 20-70 years based on BMI as Normal BMI 
(18.5-22.9 kg/m2), overweight (23-24.9 kg/m2) and obese (BMI>25 
kg/m2), according to Asian standards by WHO [Table/Fig-1] [6]. 
The study excluded those patients who had diabetes mellitus, 
malignancy, hypertension and Cardiovascular Disease (CVD), 
endocrinal and metabolic disorders, bronchial asthma, Chronic 
Obstructive Pulmonary Disease (COPD), autoimmune disorders, 
inflammatory diseases, and infectious diseases. The study also 
excluded those subjects who were smokers, who were on steroids, 
statins, anti-inflammatory drugs and who consume alcohol. 

Parameters used
Height (m) was measured with the patient standing against an 
upright surface touching it with heels, buttocks and back on a level 
smooth surface. Subject wearing normal clothing was made to stand 
in the centre of on an electronic weighing machine. Weight (kg) was 
recorded. Calculation of BMI was done using the formula as Weight 
(kg)/ Height (m2). Waist Circumference (WC) was measured in the 

KaSuKurtI Lavanya1, KuSugodLu raMaMoorthI2, ravIraja v acharya3, Sharath P MadhyaStha4

 

Keywords:  Body mass index, Diabetes mellitus, Interleukin-6, Overweight

ABStrAct 
Introduction: The prevalence of overweight and obesity is 
progressively increasing in general population of India. There is 
a growing concern for obesity related morbidity and mortality. 
High sensitivity C-reactive Protein (hs-CRP), is an emerging 
inflammatory marker and a predictor of diabetes mellitus and 
ischaemic heart disease.

Aim: To study the relationship of hs-CRP with Fasting Blood 
Sugar (FBS), Body Mass Index (BMI), Waist Circumference (WC), 
Waist-Hip Ratio (WHR), and fasting lipid profiles of obese and 
overweight normotensive and normoglycaemic subjects. 

Materials and Methods: The cross-sectional study was 
conducted on 228 subjects of age between 20-70 years from 
October 2014 to June 2016. The study included three groups 
of subjects based on BMI. Descriptive statistics were used for 
normally distributed variables. Pearson's correlation coefficient 
was used to find out the relationship among hs-CRP levels and 
different parameters in all groups. Linear regression analysis 
and multiple linear regression analysis were done to find out the 
independent factors affecting hs-CRP and to assess the final 
predictor of its variability.

results: Out of 228 subjects, 87 (38.15%) had normal BMI, 
followed by 64 (28%) and 77 (33.78%) subjects were overweight 
and obese respectively. About 75% of overweight and 93.5% of 
obese subjects had high levels of hs-CRP respectively. About 
68.2% of subjects with impaired blood sugar level had high levels of 
hs-CRP. Pearson’s correlation coefficient ratio revealed moderate 
correlation of Total Cholesterol (TC), Low-Density Lipoprotein (LDL), 
TC/HDL (Total Cholesterol and High Density Lipoprotein) WHR with 
hs-CRP, with p-value <0.01. Linear regression analysis of various 
parameters with hs-CRP showed positive association (p<0.001) 
except Triglyceride (TGL) and negative association with HDL. 
FBS, BMI, WC, LDL, TC/HDL were found to be very significantly 
associated with hs-CRP on multiple regression analysis.

conclusion: Overweight and obesity have significant correlation 
with hs-CRP, suggesting obesity is a state of chronic inflammation, 
and hence, hs-CRP levels can be used in assessing future 
morbidity risk. With an increasing prevalence of obesity in 
India in recent years, which has a major adverse impact on the 
socioeconomic and healthcare sectors of the country, hs-CRP 
can be used to assess the risk of obesity related disorders for an 
early intervention.
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analysis was done with other variables. Multiple regression analysis 
of variables with hs-CRP showed that there was quite significant 
correlation with BMI, WC, WHR, LDL, FBS, TC/HDL with p-value 
<0.001 [Table/Fig-6].

dIScuSSIOn
The present study, found a substantial positive relationship between 
BMI and hs-CRP and the mean hs-CRP levels were higher in 
overweight and obese people when compared with people with 

middle of lower margin of ribs and the upper border of iliac crest 
at the completion of regular expiration. The hip circumference was 
measured accurately at the greater trochanters level where buttocks 
protrude the maximum. The limit for WC for men and women were 
90 cms and 80 cms respectively. WHR limit for men and women 
were 0.9 and 0.85 respectively [6]. FBS, lipid parameters and serum 
hs-CRP levels were estimated in subjects, who were overnight 
fasting (approximately 12 hours) since last dinner by drawing blood 
samples. The range of normal FBS and Impaired FBS were 70-100 
mg/dL and 101-125 mg/dL respectively. As per ATP III guidelines 
the normal range of TC is 140-200 mg/dL and TGL is 60-150 mg/
dL. The normal levels of HDL Cholesterol and LDL Cholesterol are 
40-60 mg/dL and 50-130 mg/dL respectively. The normal level of 
hs-CRP in adults is <5 mg/L [7].

Laboratory analysis
Under aseptic precautions, blood samples were drawn, centrifuged 
within one hour to obtain serum/plasma for the estimation fasting 
lipid profiles, plasma glucose and hs-CRP levels using fully 
automated Roche/Hitachi Cobas E601 clinical chemistry analyzer. 
FBS was determined by Hexokinase method [8]. The quantitative 
determination of TC in serum and plasma was done by enzymatic, 
colorimetric method with Cholesterol Oxidase-Peroxidase (CHOD- 
POD) [9]. Triglycerides levels were estimated by colorimetric end 
point-Glycerol Phosphate Oxidase, Phenol+Aminophenazone 
(GPO-PAP) [10]. Estimation of HDL-Cholesterol was done by direct 
homogenous enzymatic colorimetric method [11]. LDL Cholesterol 
was calculated as: Total cholesterol- (HDL-TG/5) [12]. Quantitative 
estimation of hs-CRP level was done by particle enhanced 
turbidimetric assay using COBAS INTEGRA 400 plus clinical 
chemistry analyser [13].

StAtIStIcAL AnALySIS
Statistical analysis was performed using SPSS version 16.0 for 
windows. Descriptive analysis was done (Mean and Standard 
Deviation) to analyse the continuous variables in normal distribution. 
Median and interquartile range was used to summarise skewed 
variables. Pearson's correlation coefficient was used to find out 
the relationship among hs-CRP levels and different parameters in 
all groups. Linear regression analysis and multiple linear regression 
analysis was done to find out the independent factors affecting 
hs-CRP and to assess the final predictor of its variability. It was 
considered statistically significant when a p-value of <0.001.

rESuLtS
Total 228 subjects were analysed in three groups according to BMI 
as normal, overweight and obese. A total of 127 (55.70%) were 
males and 101 (44.30%) were females. Out of total patients, 87 
(38.15%) patients had normal BMI, followed by 64 (28.07%) and 77 
(33.78%) patients were overweight and obese, respectively. 

In view of skewed distribution, the median, interquartile value was 
calculated for WHR with median of 0.891 and, IQ of 0.13, hs-CRP 
(mg/L) with median of 5.3 and IQ of 6, and TC/HDL with median 
of 5.19 and IQ-3.04). [Table/Fig-2] showed that hs-CRP values 
are higher in overweight and obese subjects. [Table/Fig-3] showed 
higher hs-CRP levels are seen in majority of subjects with IFG level. 
[Table/Fig-4] indicates in both female and male subjects high WC 
is associated with high hs-CRP levels. [Table/Fig-5] showed the 
relationship between hs-CRP and lipid parameters. As shown, hs-
CRP correlated positively with most of the parameters.

On Linear regression analysis, all the anthropometric parameters, 
FBS and lipid parameters are significant predictors of hs-CRP level 
except TGL. Among lipid parameters, HDL is a negative predictor 
yet was significant with p<0.001. Out of all lipid parameters TGL, TC, 
HDL were not considered as significant predictors i.e., only LDL and 
TC/HDL were considered to have significant contribution. As TGL 
was not significant, it was eliminated, and further multiple regression 

characteristics Mean±Sd

Age (years) 48.65±15.22

BMI (kg/m2) 24.86±5.30

FBS (mg/dL) 101.61±11.70

WC (cm) 86.87±12.03

TC (mg/dL) 160.51±51.23

TGL (mg/dL) 131.85±63.15

HDL (mg/dL) 33.40±16.11

LDL (mg/dL) 1.3±46.43

[table/Fig-1]: Baseline features of studied population.
BMI-Body Mass Index, FBS-Fasting Blood Sugar, WC-Waist Circumference, TC-Total Choles-
terol, TGL-Triglyceride, HDL-High Density Lipoprotein, LDL-Low Density Lipoprotein.

FBS normal hs-crP high hs-crP total

Normal (<100 mg/dL) 72 (61%) 46 (39%) 118

IFG (100-125 mg/dL) 35 (31.8%) 75 (68.2%) 110

Total 107 (47%) 121 (53%) 228

[table/Fig-3]: Categorisation of FBS and hs-CRP.
Higher hs-CRP levels are seen in majority of subjects with IFG level. 
IFG-Impaired Fasting Glucose, FBS-Fasting Blood Sugar.

  gender normal hs-crP high hs-crP total 

Normal WC
M 46 (36.2%) 45 (35.4%) 91 

F 37 (36.6%) 6 (5.9%) 43 

High WC
M 1 (0.8%) 35 (27.6%) 36 

F 23 (22.8%) 35 (34.7%) 58 

Total
M 47 (37%) 80 (63%) 127 

F 60 (59.4%) 41 (40.6%) 101 

[table/Fig-4]: Distribution of WC with normal and abnormal hs-CRP levels.
In both female and male subjects high WC is associated with high hs-CRP levels.
WC- Waist Circumference, hs-CRP-High Sensitivity -C-Reactive Protein.

hs-crP v/s Pearson’s correlations coefficient (r) p-value

TC 0.350** <0.01

TGL 0.116 0.081 

LDL 0.425** <0.01 

TC/HDL 0.455** <0.01 

WHR 0.432** <0.01 

[table/Fig-5]: Pearson’s correlation of Lipid profile and Waist Hip Ratio with hs-
CRP.
**p-value <0.01 is significant.
hs-CRP correlated positively with most of the lipid parameters and WHR except TGL. 
TC- Total Cholesterol, TGL-Triglyceride, LDL-Low Density Lipoprotein, TC/HDL-Total Cholesterol/
High Density Lipoprotein, WHR-Waist Hip Ratio.

n
normal 
hs-crP 

high hs-
crP 

Mean±Sd 
hs-crP 

Minimum 
hs-crP

Maximum 
hs-crP

Normal 
BMI 

87
86 

(98.9%) 
1 (1.1%) 2.37±1.31 0.20 8.30

Overweight 64 16 (25%) 48 (75%) 6.63±2.55 2.30 12.00

Obese 77 5 (6.5%) 72 (93.5) 10.22±3.22 2.50 18.00

Total 228
107 

(47%)
121 

(53%)
6.18±4.13 0.20 18.00

[table/Fig-2]: Indicates hs-CRP values across three groups.
hs-CRP values are higher in overweight and obese subjects.
hs- CRP- High Sensitivity C-Reactive Protein
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normal BMI. These results are in accordance with Montenegro 
study, Aronson D et al., Kao TW et al., and Lin CC et al., studies 
[5,14-16].  

The current study showed a positive correlation between BMI 
and central adiposity with hs-CRP. Waist Circumference showed 
a significant positive correlation and WHR showed a moderate 
significant correlation with hs-CRP. Similar positive relationship 
was established between central obesity (WC) and hs-CRP levels 
by Kao TW et al., and Lapice E et al., which demonstrated that 
abdominal adiposity is connected with higher C-reactive protein 
which was independent of BMI [15,17]. Festa A et al., showed that 
WHR was considerably correlated with hs-CRP in both the genders 
[18]. Studies consistently revealed WHR was not a better predictor 
among risk factors for CVD particularly in men [19,20]. Waist Hip 
Ratio gives evidence of local adipose tissue distribution; however, 
WC is an indicator of central obesity [16]. Indians have increased 
total body fat and increased accumulation of truncal and abdominal 
fat [21]. This is why many Indian people even though have normal 
body weight comes under the category of metabolically obese 
population. This typical “Asian Indian Phenotype”, with increased 
WC and WHR leads to hyperglycemia and premature coronary 
heart disease [1]. Various studies in India revealed that 10% to 
30% of adolescents are overweight. Decreased physical activity, 
consuming more junk foodstuffs, watching television programmes 
and sedentary lifestyles are common in younger people. These 
factors are responsible for growing predominance of obesity and 
overweight [1].

The current study also demonstrated that, while assessing central 
obesity, WC is a simple tool and better predictor than WHR and 
correlated better with hs-CRP than WHR particularly in men than in 
women which was in support of previous studies [17,22,23]. Similar 
results were demonstrated by Lin CC et al., in Taiwan [16]. Central 
obesity is found to have the strongest relationship with elevated hs-
CRP levels by Florez H et al., [24]. Hence, signifying that abdomen 
adipose tissue is the chief source of cytokines like TNF- alpha, IL-6, 
which are the main determining factor of hepatic synthesis of hs-
CRP. These inflammatory mediators lead to endothelial dysfunction 
and atherosclerosis, which play major part in the pathogenesis of 
ischaemic heart disease and other obesity linked morbidity [16,18].

Hyperglycemia particularly both impaired and elevated FBS has 
been implicated in the inflammatory process and pathogenesis 
of metabolic disorders, it can possibly stimulate the synthesis of 
hs-CRP even in non-diabetics observed in our study which is in 
accordance with previous studies [3,4,25,26]. Various other studies 
conducted by Kawamoto R et al., [27] and a community-based study 
by Doi Y et al., [28] also consistently yielded the same results. 

The current study found mild negative correlation with HDL. HDL 
cholesterol has reliably revealed to have an inverse relationship with 
systemic inflammatory markers in various prospective studies. Latest 
proofs support an extensive collection of antiatherogenic properties 
by HDL-cholesterol, together with anti-inflammatory effects [29].

In the current study, there is a moderate positive correlation of hs-
CRP with all lipid parameters which was significant except for 
TGL with Pearson correlation and further by regression analysis. In 
Montenegro study among all lipid parameters, hs-CRP has moderate 
negative correlation with HDL whereas TGL, LDL and TC were poorly 
correlated and were not statistically significant [5]. Similar results were 
found in a study done by Vidyasagar S et al., where, TGL and HDL 
were not significant predictors of hs-CRP [30]. In earlier published 
articles, affirmative correlations were established among levels of 
hs-CRP and blood glucose, triglycerides and BMI, and negative 
associations were established with HDL cholesterol levels [31-33]. 

The increase of the body adipose tissue gives rise to the increased 
synthesis of pro-inflammatory molecules and leads to low-grade 
inflammation. Thus, hs-CRP can be an early unique inflammatory 
indicator in the healthy obese people. Interventional measures like 
change in nutritional habits, life styles modification and increase in 
physical activity to lose of weight can be advised at the earliest and 
prevent future morbidities [14].

LIMItAtIOn
Most important drawback of this study was smaller sample size, 
and this was a cross-sectional study. We used only one hs-
CRP measurement that possibly not perfectly reveals long-term 
inflammatory status in the body. The biological variability of hs-
CRP ranges from 10.6% to 63%. The IL-6 is an important factor 
in the synthesis of hs-CRP is secreted in an endocrine fashion in 
proportion to the enlargement of total body fat mass, principally 
the abdominal fat. The serum level measurements of IL-6 were 
not done in the current study. Even though the results backing 
the postulate that IL-6 manufactured by the adipocytes enhances 
hs-CRP concentration, direct estimation of IL-6 concentration is 
required in future studies to test this theory.

cOncLuSIOn
Obesity is a state of chronic inflammation, which has a significant 
correlation with hs-CRP. Waist circumference is a better predictor of 
central obesity in men, which correlates well with hs-CRP levels. In 
India, there is an increasing prevalence of obesity in both younger 
and adult population due to various factors, which has a severe 
adverse impact on socio-economic and healthcare sectors. hs-
CRP is a new marker of a future cardiovascular disease which can 
be used to assess the risk and to initiate early intervention.

rEFErEncES
 Karla S, Unnikrishnan A. Obesity in India: The weight of the nation. J Med Nutr [1]

Nutraceut. 2012;1(1):37-41.
 Ranjani H, Mehreen TS, Pradeepa R, Anjana RM, Garg R, Anand K, et al. [2]

Epidemiology of childhood overweight and obesity in India: A systematic review. 
Indian J Med Res. 2016;143(2):160-74.

 Rodríguez-Hernández H, Simental-Mendía LE, Rodríguez-Ramírez G, Reyes-[3]
Romero MA. Obesity and Inflammation: Epidemiology, Risk Factors, and Markers 
of Inflammation. Int J Endocrinol. 2013;2013:678159. 

 Musunuru K, Kral BG, Blumenthal RS, Fuster V, Campbell CY, Gluckman TJ, et [4]
al. The use of high sensitivity C-reactive protein in clinical practice. Nat Clin Pract 
Cardiovasc Med. 2008;5(10):621-35. 

 Klisic AN, Vasiljevic ND, Simic TP, Djukic TI, Maksimovic MZ, Matic MG. [5]
Association between C-reactive protein, anthropometric and lipid parameters 
among healthy normal weight and overweight postmenopausal women in 
Montenegro. Lab Med. 2014;45(1):12-16.

 WHO. The Asia-Pacific perspective: redefining obesity and treatment. Australia: [6]
Health communications Australia Pty Limited; Feb 2000.1-55. Available from: 
http://www.wpro.who.int/nutrition/documents/docs/Redefiningobesity.pdf. 
[accessed on July, 2008].

 Third Report of the National Cholesterol Education Program (NCEP). Expert Panel [7]
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III) Final Report. Circulation. 2002;106(25):3143-421.

Linear regression analysis
Multiple linear regression 

analysis

Independent 
variable

B β p-value B β p-value

BMI 0.541 0.69** <0.001 0.297 0.383 ** <0.001 

WC 0.239 0.7** <0.001 0.076 0.223 ** <0.001 

WHR 18.375 0.43** <0.001 7.65 0.180 ** <0.001 

TC 0.028 0.35** <0.001 0.007 0.084 0.197 

TGL 0.008 0.116 0.081 - - -

HDL -0.062 -2.42** <0.001 -0.007 -0.029 0.694 

TC/HDL 0.580 0.455** <0.001 0.431 0.339** <0.001 

LDL 0.38 0.425** <0.001 0.38 0.425** <0.001 

FBS 0.108 0.38** <0.001 0.050 0.143** <0.001 

[table/Fig-6]: Linear regression and multiple linear regression analysis with hs-
CRP as a dependent variable.
**p-value<0.001is highly significant.
BMI-Body Mass Index, WC-Waist Circumference, WHR-Waist- Hip-Ratio, TC-Total Cholesterol , 
TGL-Triglyceride WHR-Waist Hip Ratio, HDL-High Density Lipoprotein, TC/HDL-Total Cholesterol/
High Density Lipoprotein, LDL-Low Density Lipoprotein, FBS-Fasting Blood Sugar.



www.jcdr.net Kasukurti Lavanya et al., Association between Overweight, Obesity in Relation to Serum hs-CRP Levels in Adults 20-70 Years

Journal of Clinical and Diagnostic Research. 2017 Dec, Vol-11(12): OC32-OC35 3535

 Wu A. Tietz Clinical Guide to Laboratory Tests. 4[8] th ed. San Francisco, CA, USA: 
Saunders Elsevier; 2006.1856.

 Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic determination of [9]
total serum cholesterol. Clin Chem. 1974;20(4):470-75.

 Siedel J, Schmuck R, Staepels J. Long-term stable liquid ready to use mono-[10]
reagent for the enzymatic assay of serum or plasma triglycerides (GPO-PAP 
method). AACC Meeting. Abstract 34. Clin Chem. 1993;39:1127.

 Matsuzaki Y, Kawaguchi E, Morita Y. Evaluation of Two kinds of reagents for [11]
direct determination of HDL-cholesterol. J Anal Bio-Sc. 1996;19:419-27.

 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of [12]
low-density lipoprotein cholesterol in plasma, without use of the preparative 
ultracentrifuge. Clin Chem. 1972;18(6):499-502.

 Eda S, Kaufmann J, Roos W, Pohl S. Development of a new microparticle-[13]
enhanced turbidimetric assay for C-reactive protein with superior features in 
analytical sensitivity and dynamic range. J Clin Lab Anal. 1998;12(3):137-44. 

 Aronson D, Bartha P, Zinder O, Kerner A, Markiewicz W, Avizohar O, et al. [14]
Obesity is the major determinant of elevated C-reactive protein in subjects with 
the metabolic syndrome. Int J Obes Relat Metab Disord. 2004;28(5):674-79.

 Kao TW, Lu IS, Liao KC, Lai HY, Loh CH, Kuo HK. Associations between body [15]
mass index and serum levels of C-reactive protein. S Afr Med J. 2009;99(5):326-
30.

 Lin CC, Kardia SLR, Li CI, Liu CS, Lai MM, Lin WY, et al. The relationship of high [16]
sensitivity C-reactive protein to percent body fat mass, body mass index, waist-
to-hip ratio, and waist circumference in a Taiwanese population. BMC Public 
Health. 2010;10:579.

 Lapice E, Maione S, Patti L, Cipriano P, Rivellese AA, Riccardi G, et al. Abdominal [17]
adiposity is associated with elevated C-reactive protein independent of BMI in 
healthy nonobese people. Diabetes Care. 2009;32(9):1734-36.

 Festa A, D'Agostino R Jr, Williams K, Karter AJ, Mayer-Davis EJ, Tracy RP, et al. [18]
The relation of body fat mass and distribution to markers of chronic inflammation. 
Int J Obes Relat Metab Disord. 2001;25(10):1407-15. 

 Craig P, Colagiuri S, Hussain Z, Palu T. Identifying cut-points in anthropometric [19]
indexes for predicting previously undiagnosed diabetes and cardiovascular risk 
factors in the Tongan population. Obes Res Clin Pract. 2007;1(1):01-78.

 Thorand B, Baumert J, Döring A, Herder C, Kolb H, Rathmann W, et al. Sex [20]
differences in the relation of body composition to markers of inflammation. 
Atherosclerosis. 2006;184(1):216-24. 

 Sadanand CD, Anitha J, Raveesh PM. Relation between high sensitivity C reactive [21]
protein to obesity among Indians. Int J Med Sci Public Health. 2015;4(11):1523-
26.

PartIcuLarS oF contrIButorS:
1. Junior Resident, Department of Medicine, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, Karnataka, India.
2. Assistant Professor, Department of Medicine, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, Karnataka, India.
3. Professor, Department of Medicine, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, Karnataka, India.
4. Assistant Professor, Department of Medicine, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, Karnataka, India.

naME, addrESS, E-MaIL Id oF thE corrESPondIng author:
Dr. Kusugodlu Ramamoorthi,
Assistant Professor, Department of Medicine, Kasturba Medical College, Manipal Academy of Higher Education, 
Manipal-576104, Karnataka, India.
E-mail: rmoorthi414@gmail.com 

FInancIaL or othEr coMPEtIng IntErEStS: None.

Date of Submission: Sep 09, 2017
Date of Peer Review: Sep 29, 2017
Date of Acceptance: nov 08, 2017

Date of Publishing: dec 01, 2017

 Han TS, van Leer EM, Seidell JC, Lean ME. Waist circumference action levels [22]
in the identification of cardiovascular risk factors: prevalence study in a random 
sample. BMJ: British Medical Journal. 1995;311(7017):1401-05.

 Lemieux S, Prud'homme D, Bouchard C, Tremblay A, Després JP. A single [23]
threshold value of waist girth identifies normal-weight and overweight subjects 
with excess visceral adipose tissue. Am J Clin Nutr. 1996;64(5):685-93. 

 Florez H, Castillo-Florez S, Mendez A, Casanova-Romero P, Larreal-Urdaneta C, [24]
Lee D, et al. C-reactive protein is elevated in obese patients with the metabolic 
syndrome. Diabetes Res Clin Pract. 2006;71(1):92-100.

 Abdrabo AA. Association between fasting plasma glucose and highly sensitive [25]
C-reactive protein in a Sudanese population. Sudan Med J. 2012;48(2):124-
28.

 Farooq W, Farwa U, Khan FR. The Metabolic Syndrome and Inflammation: Role [26]
of Insulin Resistance and Increased Adiposity. Oman Med J. 2015;30(2):100-
03.

 Kawamoto R, Tabara Y, Kohara K, Miki T, Kusunoki T, Takayama S, et al. [27]
Association between fasting plasma glucose and high-sensitivity C-reactive 
protein: gender differences in a Japanese community-dwelling population. 
Cardiovasc Diabetol. 2011;10:51.

 Doi Y, Kiyohara Y, Kubo M, Tanizaki Y, Okubo K, Ninomiya T, et al. Relationship [28]
between Creactive protein and glucose levels in community-dwelling subjects 
without diabetes: The Hisayama Study. Diabetes Care. 2005;28(5):1211-13. 

 Rye KA, Barter PJ. Antiinflammatory actions of HDL: a new insight. Arterioscler [29]
Thromb Vasc Biol. 2008;28(11):1890-91.

 Vidyasagar S, Abdulrazak UK, Prashanth CK, Varma DM, Bairy KL. Highly [30]
sensitive C-reactive protein in metabolic syndrome. J Ind Acad Clin Med. 
2013;14(3-4):230-34.

 Han TS, Sattar N, Williams K, Gonzalez-Villalpando C, Lean ME, Haffner SM. [31]
Prospective study of C-reactive protein in relation to the development of diabetes 
and metabolic syndrome in the Mexico City Diabetes Study. Diabetes Care. 
2002;25(11):2016-21.

 PM Ridker, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic [32]
syndrome, and risk of incident cardiovascular events: an 8-year follow-up of 14 
719 initially healthy American women. Circulation. 2003;107(3):391-97. 

 Fröhlich M, Imhof A, Berg G, Hutchinson WL, Pepys MB, Boeing H, et al. [33]
Association between C-reactive protein and features of the metabolic syndrome: 
a population-based study. Diabetes Care. 2000;23(12):1835-39.


