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Abstract

Obesity is associated with a low-grade inflammation of white adipose tissue (WAT) resulting
from chronic activation of proinflammatory molecules: C-reactive Protein(CRP), TNF-
alpha and interleukin-6 (IL-6).These cytokines subsequently lead to insulin resistance, im-
paired glucose tolerance and even diabetes. This is a cross-sectional, open label, compara-
tive, observational study, in a North Indian population cohort. Thirty cases of obesity were
evaluated, against twenty normal weight regarding metabolic and inflammatory markers in
relation to cardiovascular risk factors. All patients underwent detailed clinical and bio-
chemical, CRP and TNF-a estimation at baseline and at the end of the study period. The dif-
ferences between the percentage changes in each parameter in the two groups was com-
pared by applying the unpaired t-test using the SPSS 10.0 software. Comparison showed
significant difference in CRP and TNF-a between normal weight individuals (BMI<30) and
obese individuals (BMI>30) at a p value <0.001. Similarly comparison of total cholesterol,
LDL-cholesterol, HDL-cholesterol and Triglyceride levels, showed significant difference be-
tween normal weight individuals (BMI<30) and obese individuals (BMI>30) at a p value
<0.05. Inflammatory markers like TNF-a and CRP levels were elevated in obese subjects,
reinforcing the view that obesity is in part an inflammatory disorder. Further there was evi-
dence of worsening dyslipidemia with BMI and cardiovascular risks The study also sug-
gested that inflammatory marker TNF-a is correlated with cardiovascular risk factors in
obesity, rather than just being a manifestation of the inflammatory state.
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Introduction

Obesity is a risk factor for atherogenic dyslipidemia, insu-
lin resistance, and hypertension. Overweight and obesity
are the fifth leading risk for deaths worldwide. At least
2.8 million adults die each year as a result of being obese.
In addition, 44% of the diabetes burden, 23% of the is-
chaemic heart disease burden and between 7% and 41%
of certain cancer burdens are attributable to overweight
and obesity.Obesity is defined by WHO as a Body Mass
Index (BMI) of >30 kg/m?[1,2]. The distribution of body
fat is an important predictor of obesity-associated, mor-
bidity and it has been clearly shown that upper body vis-
ceral fat accumulation is related to insulin resistance [3].
The visceral fat, is considered to be the most ‘atherogenic,
diabetogenic and hypertensiogenic’ fat depot of the hu-
man body[4] .Visceral fat excess has been associated with
decreased sensitivity of insulin mediated glucose uptake
and reduced rate of FFA re-esterification [5]. It is esti-
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mated that a waist circumference in men of >102 cm and
in women of > 88 cm carried the same risk of developing
cardiovascular risk as a BMI of 30. It now appears that, in
most obese patients, obesity is associated with a low-
grade inflammation of white adipose tissue (WAT)
,characterized by an increased production and secretion of
a wide range of inflammatory molecules including TNF-
alpha and interleukin-6 (IL-6), which may have local ef-
fects on WAT physiology but also systemic effects on
other organs. Researchers have found that plasma levels
of CRP, TNFo and IL-6: markers of inflammation are
elevated in subjects with obesity [6].

Higher adipose tissue content of IL-6 has been associated
with higher serum CRP levels in obese subjects.[7] . TNF-
a plays a role in insulin resistance and T2DM][8]. Plasma
TNFo level is negatively correlated with HDL-
cholesterol, HbA1C and serum insulin concentration.
Therefore in otherwise healthy but overweight and obese
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subjects, elevated plasma/serum concentration of CRP,
IL-6 & TNF-a levels are observed, this led to the concept
of the ‘adipo-vascular axis’ which is thought to,
contribute to the, increase in cardio-vascular events in
obese subjects[10]. The Asian Indian has a unique
phenotype characterized by increased abdominal obesity
and visceral fat despite low body mass index. This was
attributed to increased visceral fat [11]. TNF-a correlates
with hyperinsulinemia in obesity, a link that is reversed
with weight reduction. The effects of TNF- o are
manifold: Modulation of lipid metabolism, decrease in
tyrosine kinase activity, down regulation of glucose
transporter proteins and pancreatic B-cell dysfunction.

The studies correlating inflammatory markers with car-
diovascular risks are scarce especially in north Indian
population. The present study was undertaken to evaluate
inflammatory markers CRP and TNF-a and cardiovascu-
lar risks in a North Indian cohort of obese subjects.

Materials and Methods

This prospective, observational study was carried out on
obese patients attending the outpatient and admitted in the
wards in the Department of Medicine, between January
2006 and July 2007. The study was approved by Institu-
tional ethics committee.

Study Subjects

Study group patients were labeled as obese who had pre-
sented with a body mass index (BMI) > 30. Informed
consent was taken from each subject. Out of the total 50
subjects taken in this study, 30 comprised the study
group. The control group comprised of 20 age and sex
matched healthy normal weight volunteers. Detailed his-
tory and physical examination was carried out at the re-
cruitment of the patients.

Cardiovascular risk factors taken into consideration for
the study were as follows

1. Hypertension — as per the JNC 7 Criteria

2. Family history of premature coronary artery dis-

3. Dyslipidemia
4. Smoking

Exclusion Criteria

Patients with acute infectious states, acute coronary syn-
drome, renal failure, on steroids, critically ill, septicemic,
and moribund and diabetics were excluded from study.

The baseline parameters measured in the study were as
follows:

1. Body mass index

2. Levels of CRP and TNF-a
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3. Lipid profile: total cholesterol, low density choles-
terol, high density cholesterol, triglyceride levels.

The values of various parameters were recorded at the
initiation and completion of the study at.

Statistical analysis

The differences between the percentage changes in each
parameter in the two groups were compared by applying
the unpaired t-test using the SPSS 10.0 software.

Results

Comparison of CRP and TNF-a levels among the study
and control groups using the t test for independent sam-
ples, showed significant difference between normal
weight individuals (BMI<30) and obese individuals
(BMI>30) at a p value <0.001. Similarly comparison of
total cholesterol, LDL-cholesterol, HDL-cholesterol and
Triglyceride levels among the two groups, showed sig-
nificant difference in their levels between normal weight
individuals (BMI<30) and obese individuals (BMI>30) at
a p value <0.05, as depicted in table 1.

Pearson’s correlation coefficient showed a significant
association of CRP with Body Mass Index (BMI), LDL-
cholesterol and TNF-a level in the study group. The p
values for other variables were not significant, as shown
in table 2.

Similarly Pearson’s correlation coefficient showed a sig-
nificant association of TNF-a with Body Mass Index
(BMI), Triglycerides, and LDL-cholesterol and CRP lev-
els in the study group. The p values for other variables
were not significant, as shown in table 3.

Pearson’s correlation coefficient showed a significant
association of Body Mass Index (BMI) with LDL-
cholesterol, TNF-a and CRP levels in the study group,
thus indicating that with increasing body weight and
worsening dyslipidemia, CRP and TNF-a values rise. The
p values for other variables were not significant, as shown
in table 4.

Discussion

In recent years an association between obesity, cardiovas-
cular events and inflammation has been reported and now
appears well established. Recent studies have shown in-
flammation plays an important role in the pathogenesis of
obesity and cardiovascular disease [12, 13]. In acute in-
flammatory conditions, cytokines initiate and coordinate
the inflammatory response that includes increasing the
hepatic production of acute phase reactants, including C-
reactive protein [14]. Plasma levels of CRP in the ab-
sence of active diseases are low, but can increase up to
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1000 fold in patients with inflammatory reaction. Besides
being a marker of inflammation, CRP itself may have
pro-inflammatory properties since it can activate the
complement system [15]

In our study, the number of cardiovascular risk factors
like hypertension, family history of coronary artery dis-
ease and smoking was found to differ significantly be-
tween normal weight and over weight individuals. Similar
results have been obtained in previous studies which have
reported a progressive increase in the incidence of chronic
diseases such as hypertension, diabetes, and coronary
heart disease with increasing body mass index [16, 17,
18].

The data generated in our study are strongly indicative of
the appreciable correlation between obesity and dyslipi-
demia, with a direct relationship between LDL-
Cholesterol and Triglyceride levels and inverse relation
between HDL-Cholesterol and obesity and cardiovascular
risks.

C-reactive protein levels were consistently found to be
elevated over the increasing grades of obesity in our
study. Besides, our study also showed a significant asso-
ciation between cardiovascular risk factors and the likeli-
hood of having elevated CRP in multivariate regression
models. This is consistent with the recent view that obe-
sity is in part an inflammatory disorder and CRP is one of
the strongest markers of metabolic risk and, in addition,
may participate directly in the arterial cell wall mecha-
nisms leading to atherosclerotic lesions and cardiac events
[19, 20, 21]

There is growing recognition that coronary heart disease
(CHD) has an inflammatory component [22,23] Prospec-
tive studies have shown that plasma CRP concentration, a
marker of the acute-phase reaction, can predict CHD
events in subjects with [24,25] established cardiovascular
disease beyond what can be estimated by traditional risk
factors.

Pearson’s correlation coefficient showed a significant
association of CRP with Body Mass Index (BMI), LDL-
cholesterol and TNF-a level in the study group. The p
values for other variables were not significant.

Till date various studies have shown that in the basal state
TNF-a is directly proportional to fat mass and has been
shown to be involved in the development of insulin resis-
tance [26, 27]. Within adipose tissue, macrophages ac-
count for nearly all TNF-a production, and both TNF-a
mRNA content and TNF-a production increase in adipose
tissue of obese individuals [28, 29]. Circulating TNF-a
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concentration, in turn, also rises with increasing obesity
and correlates with insulin resistance [30].

More data have now accumulated to reinforce the concept
that obesity is an inflammatory state [31, 32].Human
plasma concentrations of TNF-a, IL-6, CRP and other
inflammatory mediators have been shown to be increased
in the obese subjects [33, 34].The most striking finding in
our study was the significant difference in TNF-a levels
between normal weight individuals (BMI<30) and obese
individuals (BMI>30) at a p value <0.001. Also, Pear-
son’s correlation coefficient showed a significant associa-
tion of TNF-o with Body Mass Index (BMI), Triglyc-
erides, LDL-cholesterol and CRP levels in the study
group. The p values for other variables were not signifi-
cant.

TNF-a level were also shown to be significantly associ-
ated with cardiovascular risk factors and were an impor-
tant predictor of cardiovascular risks over the increasing
range of body mass index, in the logistic regression
model.

Pearson’s correlation coefficient showed a significant
association of Body Mass Index (BMI) with LDL-
cholesterol, TNF-o. and CRP levels in the study group,
thus indicating that with increasing body weight and
worsening dyslipidemia, CRP and TNF-a values rise. The
strength of linear association between Body Mass Index
and other clinical and biochemical parameters was as-
sessed using Pearson’s correlation. Significant association
was noted with LDL-cholesterol, CRP and TNF-a, with
varying levels of significance.

When Total cholesterol, LDL-cholesterol, HDL-
cholesterol and Triglyceride levels were compared among
the study and control groups using the t test for independ-
ent samples, significant difference was noted in their lev-
els between normal weight individuals (BMI<30) and
obese individuals (BMI>30) at a p value <0.05.

TNF-a levels were extensively analyzed in our study with
respect to its association with Body Mass Index, cardio-
vascular risk factors and the lipid profile. This was further
strengthened by the presence of strong correlation be-
tween TNF-a levels and BMI using Pearson’s correlation
with a p value < 0.001. The other important predictors of
TNF-a level as per Pearson’s correlation were Triglyc-
erides, LDL-cholesterol and CRP values.

Inflammatory and metabolic markers were extensively
analyzed in our study with respect to their association
with increasing body weight and cardiovascular risk fac-
tors. This is a small sized yet relevant study highlighting
inflammation as intrinsic component of obesity and its
cardiovascular complications.
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Conclusion

We conclude from our study that there is a strong associa-
tion between body mass index (BMI), dyslipidemia and
cardiovascular risk factors and there is evidence of wors-
ening dyslipidemia with increasing body weight and car-
diovascular risks. Furthermore inflammatory markers like
TNF-a and CRP levels are elevated in obesity, reinforcing
the view that obesity is in part an inflammatory disorder.
The study also suggested that inflammatory marker TNF-
a is correlated with cardiovascular risk factors in obesity,
rather than just being a manifestation of the inflammatory

state. Thus cardiovascular risk is an important association
with obesity, the severity being determined by body mass
index, LDL-Cholesterol, Triglycerides, HDL-cholesterol,
CRP and TNF-a level independently. Our study was an
attempt to extensively analyze the inflammatory and
metabolic markers with respect to their association with
increasing body weight and cardiovascular risk factors,
and to use these markers to help to identify individuals at
higher risk for cardiovascular events despite not meeting
criteria based on lipid profile or other traditional risk fac-
tors alone. Further large scale multi centre studies with
different anthropological parameters are needed to con-
solidate these preliminary results in a large population.

Table 1. Biochemical and inflammatory markers in control and test subjects.

Markers Mean value in control gp Mean value in study gp t |
(n=20) (n=30)

T.Cholesterol 143.2+£7.11 232.1£39.33 9.96 0.0071
HDL 48.25+1.97 41.16 +£2.92 -9.47 0.0053
TG 142.05+5.46 168.86 +10.32 10.64 0.0027
LDL 130.8 £3.38 141.7 + 8.69 5.32 0.0032
CRP (mg/dl) 0.68 +0.12 5.01 £0.97 19.63 <0.001
TNFo(pg/ml) 3.73+£1.22 157.75+£26.94 25.45 <0.001
Table 2. Pearson’s correlation of CRP with other variables in study group (n=30)

CRP BMI T.Chol HDL TG LDL TNF-a
Pearson’s 0.809%x 0.237 -0.351 0.342 0.461% 0.717%x
Correlation
Sig.(2-tailed)  0.000%%* 0.208 0.058 0.065 0.010% 0.000%*
**Correlation is significant at 0.01 level (2-tailed)
*Correlation is significant at (.05 levels (2-tailed)
Table 3. Pearson’s correlation of TNF-a with other variables in study group (n=30)

TNF-a BMI T.Chol HDL TG LDL CRP
Pearson’s Cor- 0.822%% 0.248 -0.334 0.400% 0.362% 0.717%%
relation
Sig.(2-tailed) 0.000%* 0.187 0.071 0.028* 0.05% 0.000%*
**Correlation is significant at 0.01 levels (2-tailed)
*Correlation is significant at (.05 levels (2-tailed)
Table 4. Pearson’s correlation of BMI with other variables in study group (n=30)

BMI T.CHOL HDL TG LDL CRP TNF-o.

Pearson’s 0.044 -0.307 0.332 0.513%x* 0.809%*%  (0.822%x*
Correlation
Sig.(2-tailed) 0.810 0.099 0.073 0.04%* 0.000%%  0.000%x*

**Correlation is significant at 0.01 level (2-tailed)
*Correlation is significant at 0.05 level (2-tailed)
Table 5._Independent Samples Test
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Variables Group Mean S.D. t p*
BMI Case 30 36.24 3.00 14.80 0.0023
Control 20 24.98 1.93
T.Cholesterol Case 30 232.10 39.33 9.96 0.0071
Control 20 143.20 7.11
HDL Case 30 41.16 2.92 -9.47 0.0053
Control 20 48.25 1.97
TG Case 30 168.86 10.32 10.64 0.0027
Control 20 142.05 5.46
LDL Case 30 141.70 8.69 5.32 0.0032
Control 20 130.80 3.38
CRP Case 30 5.01 0.97 19.63 0.0021
Control 20 0.68 0.12
TNF-a Case 30 157.75 26.94 25.45 0.0011
Control 20 3.73 1.22
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