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Abstract | Type 2 diabetes mellitus (T2DM) and insulin resistance (IR) are linked to each other. Obesity
and T2DM are states of low-grade chronic inflammation, which result in increased levels of inflammatory
markers such as C-reactive protein (CRP), interleukins 6 (1L-6) and tumor necrosis factor alpha (TNF-a).
Relation of TNF-a with obesity induced IR and T2DM is unclear as results obtained from different studies
are very controversial.

Objective: This study was designed to compare TNF-a levels and insulin resistance in obese and non-obese
type 2 diabetics.

Methodology: A cross sectional comparative study was conducted in diabetic clinic of Mayo Hospital, La-
hore. We determined and compared TNF-a levels and insulin resistance in 90 subjects where there were 50
obese patients with T2DM and 40 were non-obese Type 2 diabetic patients. TNF-a and serum insulin levels
were determined using ELISA. Insulin resistance was calculated using HOMA-IR. Comparison between
groups was performed using independent sample t-test. The P value < 0.05 was considered statistically sig-
nificant.

Results: Mean HOMA-IR and TNF-a values were significantly (p-value <0.01) higher in obese dia-
betics (17.13+8.77) and (10.96+4.69), respectively when compared to non-obese Type 2 diabetic patients
(3.40+5.05) and (3.49+2.36) respectively. Mean HOMA-IR in males was 6.52+7.03 and in females was
12.85+10.54 (p-value 0.006).

Conclusion: Increased inflammation in obese diabetics explains the role of tumor necrosis factor alpha in
insulin resistance induced by obesity. Weight reduction in obese individuals will help in reducing TNF-a
levels and to improve insulin sensitivity in T2DM.
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Introduction

In Type 2 diabetes mellitus (DM), blood sugar lev-
els are increased due to defects in insulin secretion
and/or insulin action . The prevalence of DM in the
world was estimated to be around 171 million people

in the year 2000, which is expected to be more than
366 million in the year 2030 *. While in Pakistan,
the prevalence of DM was about 5.2 million in the
year 2000. It will be up to 13.9 million by the year
2030 @."The prevalence of type 2 DM is about 90% of
all cases of diabetes @,
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Type 2 diabetes mellitus (T2DM) develops mostly in
overweight and obese persons and is directly linked
to insulin resistance . It was revealed by National
Health Survey Of Pakistan that 25% of the popula-
tion is suffering from obesity . Adipose tissue not
only stores the excess calories but also actively secrete
several substances such as fatty acids, hormones and
cytokines that can act in a paracrine or endocrine
fashion ©). Obesity is the major cause of many meta-
bolic disorders, which are characterized by the chron-
ic inflammation and are linked to T2DM and insulin
resistance ).

TNF-a is remarkably higher in obese people and it
may serve as important risk factor for future develop-
ment of T2DM and may prove a novel target for the
therapeutic intervention ©. TNF-a is a pro-inflam-
matory adipokine and is released by macrophages of
adipose tissue. It can cause insulin resistance by sev-
eral mechanisms 7).

Literature review shows that TNF-a is related to in-
sulin resistance such as study by Bertin et al © has
found out that body mass index (BMI) is associated
with TNF-a but not with blood glucose levels. Study
by Bhatty et al  showed that TNF-a has no signif-
icant relation to insulin resistance, body mass index
and abdominal circumference. Similarly, Sujaita et al
2010 9 in their study found that serum TNF-a was
neither associated with insulin, homeostatic model
assessment-insulin resistance (HOMA-IR) nor with
obesity parameters in local population. Another study
by Swaroop et al ™ showed that inflammation plays
an important role in the progress of insulin resistance
mostly in males with increased BMI. Study by Ra-
jajajeswear ©) found that TNF-a concentration was
significantly high in obese T2DM and has strong
correlation with BMI.

Considering above-mentioned results obtained from
different studies on the role of TNF-a and IR are
highly controversial and our understanding is in-
complete. Only fewer studies have been conducted
in south Asian population especially in Pakistan re-
garding inflammatory markers and insulin resistance
in T2DM. However, relationship of TNF-o with
obesity induced IR and T2DM is still unclear. There-
fore, the present study was designed to determine and
compare the levels of TNF-o and insulin resistance in
obese and non-obese type 2 diabetic patients. These
findings will help to establish the role of inflammato-

ry markers with insulin resistance in obese-mediated
diabetics in Pakistani population. It will generate new
data for our population directly affecting the man-
agement of patients with diabetes. Additionally, it
will help researchers to develop methods for reducing
TNF-a and IR state. Prevention of type 2 diabetes
and its related complications is the utmost impor-
tance for present period as the prevalence of T2DM
is continuously increasing.

This study was aimed to determine and compare
TNF-a levels and insulin resistance in obese versus
non-obese type 2 diabetics.

Materials and Methods

A cross sectional comparative study was conducted
in Diabetic Clinic of Mayo Hospital, Lahore after
approval from the Institutional Review Board. The
study duration was 6 month from July 2015 to De-
cember 2015.

Sample size of 90 patients was estimated by using 90%
power of test, 5% level of significance with expected
mean value of TNF-a in obese type 2 diabetic group
and non obese diabetic group as 215.8 (5) and 168.5
©), respectively. Non-probability convenient sampling
technique was used.

Registered and physician diagnosed cases of T2DM
irrespective of gender, age between 30-75 years were
offered to be enrolled. While patients on insulin ther-
apy (identified on history), Type 1 diabetics, drugs
which can decrease insulin resistance e.g. Metformin,
Thiazolidinediones users for last 6 months, asthmatic
patients for last 5 years (TNF-a levels are higher in
lung disorders) and smokers on the basis of history
as smoking effect the inflammatory pathways (taking
20 packs of citrates/year for last two years) were ex-

cluded.

Informed written consent was taken from patients and
included patients were called next day with a 12-hour
overnight fasting. Stadiometer and weight machine
was used for height in meters and weight in Kg. BMI
was calculated by formula; weight (kg)/height (m?).
On the basis of BMI, they were divided into 2 groups.
Cut-off value of BMI was 25kg/m?. For laboratory
parameters such as tumor necrosis factor alpha (TNF
a), fasting blood glucose and fasting insulin levels,
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Table 1: Descriptive statistics of Study parameters in type 2 diabetic patients

Mean S.D Range Minimum Maximum

Age (years) 50.63 9.89 43.00 32.00 75.00
Height (m?) 1.61 0.11 A2 1.43 1.85
Weight (kg) 71.01 12.32 55.00 45.00 100.00
Body mass index (kg/m?) 27.45 5.19 24.97 16.14 41.11
Duration of disease (years) 3.18 1.27 5.00 1.00 5.00
Fasting Blood Glucose (mg/dl) 164.68 31.11 180.00 60.00 240.00
Serum Insulin (F) pIU/ml 26.96 24.55 109.42 1.78 111.20
HOMA-1R 11.02 10.03 44.00 .70 44.70
TNF-a (pg/ml) 7.64 5.38 21.82 .00 21.82

post 12 hour fast. It was centrifuged and stored at
-20°C. Serum was divided into three batches (one
batch for fasting blood sugar and lipid profile, 2™
batch for TNF-a, 3 batch for fasting insulin level).
Insulin resistance was calculated by HOMA method
(homeostatic model assessment), which is validated
as reliable measure of insulin sensitivity.

Formula of HOMA — IR = fasting blood glucose X fasting
insulin /22.5

Insulin was determined using enzyme amplified sen-
sitivity immunoassay (EASIA) (INS-EASIA, cat-
alogue no. KAP1251, DIAsource ImmunoAssays
S.A, Belgium). The range of insulin levels was 5 to 19
plU/ml. While TNF-o was determined using immu-
noenzymatic assay (TNF-a-EASIA, catalogue no.
KAP1751,DIAsource ImmunoAssays S.A, Belgium).
'The detectable concentration was ranged between 4.6
and 12.4 pg/ml. ELISA kits were run on AIMP Platos
R 11 microplate reader in CENUM laboratory, Mayo
Hospital Lahore. Fasting blood glucose was measured
by glucose oxidase method. All information collected
was entered in a specially designed proforma.

All the collected data was analyzed using SPSS.
Quantitative variables such as age, height, weight,
age, TNF-a, IR, fasting blood glucose were present-
ed as mean+S.D. While qualitative variables such as
gender and obesity were presented as frequency and
percentages. P- value < 0.05 was taken as significant.
Independent sample t-test/Mann Whitney U-test
were used for comparison between two groups. Con-
founders such as age and gender were controlled by
stratification.

Results

A total of 110 patients were evaluated from diabetic

outpatient department of Mayo Hospital, Lahore that
were eligible for inclusion in the study and laborato-
ry testing. Eight patients declined consent because
they had previously been involved in other research
studies earlier in the year. Six patients failed to appear
in the first visit for sample collection in fasting state.
‘The number of patients evaluated was 96. However
during sample collection, 6 samples were noted to
be haemolysed hence discarded. A total of 90 active
patients were analysed for the clinical and laboratory
outcomes.

In this study, mean age of patients was 50.63 + 9.89
years with 26(28.89%) male and 64(71.11%) female
patients. Mean + standard deviation of HOMA-IR
and TNF-a were 11.02+10.03 and 7.64+ 5.38 pg/
ml, respectively. There were 50 (55.56%) obese and 40
(44.44%) non-obese patients (Table 1).

Mean fasting glucose was higher in obese type 2 dia-
betic patients (171.32+86) as compared to non-obese
diabetics (156.78+27.16), p-value = 0.030.Moreover
mean fasting insulin was also statistically higher in
obese patients (41.55+22.37) when compared to non-
obese patients (8.71+11.49), p-value < 0.01. Similar-
ly mean HOMA-IR and TNF-a was also higher in
obese diabetics as compare to non-obese diabetic pa-

tients, p-value < 0.01 (Table 2).
Discussion

TNF-a is hypothesized to link obesity to insulin re-
sistance. Studies in human and animal models have
showed that TNF-a expression in the adipose tissue
is considerably raised in obesity " and decreased af-
ter weight loss @9, In this study, we determined and
compared TNF-a levels and insulin resistance in
obese versus non-obese type 2 diabetics.
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Table 2: Comparison of Biochemical Parameters between
obese Type 2 diabetics and non-obese Type 2 diabetic pa-

tients

Type 2 Diabetics BMI n Mean S.D p-value

Fasting Blood Obese 50 171.00 32.86 0.030°

Glucose (mg/dl)  Non-Obese 40 156.78 27.16

Fasting Insulin ~ Obese 50 41.55 22.37 <0.01°

(pIU/ml) Non-Obese 40 871  11.49

HOMA-1R Obese 50 17.13 8.77 <0.01°
Non-Obese 40 3.40 5.05

TNF-a Obese 50 10.96 4.79 <0.01°

(pg/ml) Non-Obese 40 3.49  2.36

Independent sample t-test was applied for comparison; Mann Whit-
ney U test was applied (as data was not normal)

Our study found higher levels of TNF-o, fasting in-
sulin and HOMA-IR in obese T2DM patients as
compare to non-obese T2DM as reported in sever-
al studies ©'*'9. The TNF-0 and HOMA-IR were
found to be higher in females as compare to males.
'The most possible reason for high levels of TNF-a
and HOMA-IR in females is due to raised BMI re-
ported in females as compare to males in our popu-
lation and unequal ratio of male/female. While study
by Bhatty et al, found higher levels of TNF-o in males
as compare to females, but HOMA-IR were more in
females than males. But this study was only done on
obese subject. Non-obese subjects and type 2 diabet-
ics were not included in this study .

Our results demonstrated that TNF-o was increased
in both diabetic groups but TNF- o was more in
obese than non-obese type 2 diabetics. Same results
were obtained in study conducted by Nilsson et al ¥
in which TNF-a levels were increased 23% in lean
T2DM and 51% in obese T2DM subjects. Katsuki et
al "*? reported that TNF-a is elevated in obese T2DM
but not in lean T2DM. According to Hotamisligil et
al 12 body weight reduction in obese individuals is
also associated with a reduction in TNF-a levels and
in improved insulin sensitivity. Our present results
clearly demonstrated that circulating TNF-a levels
were significantly elevated in obese T2DM compared
to non-obese type 2 diabetic.

Study on Indian population by Goyal R et al in 2012
(%) found that TNF-a levels were very high in obese
type 2 diabetics but in our study the mean values of
TNF-a levels were less than their values. But same
findings like our study were obtained in international

studies done in Caucasians.

Due to higher incidence of obesity in our country, Pa-
kistani population is more prone to its lethal effects.
The effect of insulin therapy on levels of inflamma-
tory markers among obese and non-obese diabetics
has been inadequately studied. There is need to find
out the effect of insulin therapy to neutralize and/or
reduce the levels of TNF-o. There is also need to do
further investigations at the gene level in detail so
that we can get conclusive inference from the above
observations.

The small size of the sample and the limited obser-
vation period do not allow a definitive conclusion of
these data. A more comprehensive study with the
large population and long period would be more in-
formative. This study is performed on type 2 diabetics.
There is need to do research on type 1 diabetes melli-
tus to find out the effect of inflammatory markers in

early age.
Conclusion

TNF-a levels are more in obese diabetics as compare
to non-obese diabetics. Our current observations add
further support to the evidence that TNF-a plays an
important role in insulin resistance linked with obesi-

ty and T2DM in humans.
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