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Background: Obesity is a major cause of many metabolic disorders characterized by chronic
inflammation that is linked with T2DM and insulin resistance. Tumour Necrosis Factor Alpha (TNF-a)
is remarkably higher in obese people. The aim of this study was to determine the levels of TNF-a and
its correlation with insulin resistance and body mass index in type 2 diabetic patients. Methods: This
study was conducted at Diabetic Clinic of Mayo Hospital, Lahore. TNF-a levels were determined and
correlated with insulin resistance and body mass index in 90 obese type 2 diabetics. TNF-a and serum
insulin were determined using ELISA. Insulin resistance was calculated by HOMA-IR. Pearson
correlation test was used to correlate TNF-a with Insulin Resistance and body mass index, and p<0.05
was considered statistically significant. Results: There was a strong positive correlation of fasting
insulin and HOMA-IR with TNF-a (=0.986, p<<0.001). There was also strong positive correlation of
TNF-a with BMI. Conclusion: Increased inflammation in obese diabetics explains the role of TNF-o in
insulin resistance caused 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

Obesity and type 2 diabetes mellitus (T2DM) are the
emerging diseases of this century. These two represent
chief public health problem in the world and are
associated with potentially threatening comorbidities.
The incidence of overweight and obesity is growing
rapidly in the world, especially in developing countries.'
There is an important correlation between these two
conditions. Meta-analysis of different studies regarding
link between T2DM and obesity indicated the highest
relative risk (RR) with waist circumference and body
mass index (BMI) in both genders.* All T2DM patients
are not obese. Likewise, all obese patients are not
diabetics. But a large number of type 2 diabetics are
overweight/obese, and many overweight or obese people
are diabetics. Excessive weight gain, obesity and T2DM
can be prevented by change in lifestyle, avoiding
sedentary habits and excessive energy intake. Both
conditions have insulin resistance and dyslipidemia such
as high triglyceride (TG’s) and low high-density
lipoprotein-C (HDL-C). The hereditary base of human
obesity that leads to insulin resistance and type 2 diabetes
mellitus is multifactorial. Recent clinical strategies have
recognized the role of workout and exercise in the
prevention and treatment of diabetes mellitus.

National Health Survey of Pakistan revealed
that 25% of population suffers from obesity.” The high
prevalence of obesity is leading towards decreased life
span by its complications such as T2DM and
cardiovascular disease (CVD). Obesity is the major
cause of many metabolic disorders which is
characterized by the chronic inflammation that is linked
with T2DM and insulin resistance.* Tumour Necrosis

Factor Alpha (TNF-a) is remarkably higher in obese
people. It may serve as important risk factor for future
development of T2DM and may prove a novel target for
the therapeutic intervention” TNF-o is a pro-
inflammatory adipokine, released by macrophages of
adipose tissue. It can cause insulin resistance by several
mechanisms.® The release of adipocytokines from tissue
macrophages of adipose tissue points to chronic
inflammatory condition that plays an important role in
the development of insulin resistance and T2DM.”
Literature review shows that studies are done to
determine the role of TNF-a and insulin resistance (IR)
in obesity and T2DM.*’ But results obtained from
different studies are very controversial and relationship
of TNF-a with obesity induced IR and T2DM is still
unclear. The objective of this study was to determine the
correlation of TNF-a levels with insulin resistance and
body mass index in patients of type 2 diabetes mellitus.

METHODOLOGY

It was a cross-sectional study conducted from July to
December 2016 at Diabetic Clinic of Mayo Hospital,
Lahore after approval from the Institutional Review
Board. Sample size of 90 patients was estimated by
sample size determination in health studies using 90%
power of test, 5% level of significance. Convenient
sampling technique was used for data collection.
Registered and physician diagnosed cases of T2DM
irrespective of gender, age 3075 years were offered to
be enrolled, while patients on insulin therapy, Type 1
diabetics, Metformin or Thiazolidinedione users,
asthmatics and smokers were excluded from the study.
Informed written consent was taken from subjects. They
were called next day with a 12-hour overnight fast.
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Height of the subjects was recorded in meters
and weight in Kg. Five ml venous blood was taken for
fasting blood glucose, fasting insulin levels and TNF-a
levels. It was centrifuged and stored at -20 °C. Insulin
resistance was calculated by HOMA-IR method
(homeostatic model assessment).

Insulin was determined using Enzyme
Amplified Sensitivity Immunoassay (EASIA) (INS-
EASIA, catalogue No. KAP1251, DIA source Immuno
Assays SA, Belgium). The range of insulin levels was 5—
19 plU/ml. TNF-o was determined using immuno-
enzymatic assay (TNF-o-EASIA, catalogue No.
KAP1751, DIA source Immuno Assays SA, Belgium).
The detectable concentration was between 4.6 and 12.4
pg/ml. Kits were run on AMP Platos R 11 micro plate
reader at Centre for Nuclear Medicine (CENUM)
Laboratory, Mayo hospital Lahore. Fasting blood
glucose was measured by glucose oxidase method. All
information collected was entered in a specially designed
proforma.

Collected data was entered into SPSS-21 for
analysis. Quantitative variables like age, height, weight,
TNF-a, IR, fasting blood glucose were presented as
Mean and Standard Deviation, and qualitative variables
like gender and obesity were presented as frequency and
percentages. Correlation was evaluated using Pearson
correlation test, and p<0.05 was taken as significant.

RESULTS

Mean age of patients was 50.63£9.89 years in 26
(28.89%) male and 64 (71.11%) female subjects. The
mean values of height, weight and BMI were
1.16120.11 m?, 71.01£12.32 Kg and 27.45+5.19 Kg/m®
respectively. Mean+SD of HOMA-IR and TNF-a were
11.02+10.03 and 7.64+5.38 pg/ml respectively. Average
fasting Glucose and fasting insulin levels were
164.68+31.11 mg/dl and 29.96+24.55 plU/ml
respectively (Table-1).

Table-2 shows associations between serum
TNF-a and study parameters with Pearson correlation
coefficient. In Type 2 diabetics, there was a strong
positive correlation of fasting insulin, HOMA-IR with
TNF-a (p<0.001). There was also significant positive
correlation between TNF-o and BMI (p<0.001).

Table-1: Descriptive statistics of study parameters
in type 2 diabetic patients

Variable Mean+SD Min Max
Age (Year) 50.63+9.89 32 75
Height (m%) 1.61+0.11 143 1.85
Weight (Kg) 71.01£12.32 45 100
Body mass index (Kg/m’) 27454519 | 16.14 | 41.11
Duration of disease (Year) 3.18+£1.27 1 5

Fasting Blood Glucose (mg/dl) | 164.68+31.11 60 240

Serum Insulin (F) pIU/ml 26.96+24.55 | 1.78 | 1112
HOMA-1R 11.02+10.03 0.7 44.7
TNF-a (pg/ml) 7.64+5.38 0 21.82

Table-2: Correlation of HOMA-IR and BMI with
TNF-a in T2DM

Tumor Necrosis Factor Alpha
Bivariate correlation r P
Fasting Insulin 0.55" <0.001"
HOMA-1R 0.54 <0.0017
Body Mass Index 0.68 <0.001"
*significant
DISCUSSION

TNF-a is hypothesized to link obesity to insulin
resistance. Studies in human and animal models have
showed that TNF-a expression in the adipose tissue is
considerably raised in obesity'® and decreased after
weight loss'.

In our study, Serum insulin and HOMA-IR
were strongly positively associated with TNF-o as same
was stated in other international studies.'” It is well
recognized that adipose tissue is source of nearly all
TNF-0.>® TNF-a levels also showed positive
correlation with BMI. There is not direct relationship
between inflammatory marker and generalized obesity.
The role of abdominal obesity along with generalized
obesity has direct link with increased insulin resistance
and indirectly associated with higher cytokines
levels."*"

Similar to our study, same results were
obtained by Katsuki er al'®; they did not find a
connection between HOMA-IR and TNF-a in obese
T2DM. Mayazaki et al'’ in their study determined the
possible role of increased TNF-a levels in type 2
diabetics and their relation to the severity of insulin
resistance of whole body. Their results proved
significantly higher circulating TNF-a concentrations in
T2DM, but it was not correlated with the degree of
whole body insulin-mediated glucose disposal (Rd).
There is possibility that with type 2 diabetes progression
other pathogenic factors responsible for obesity
deterioration'®, play an important role in insulin
resistance and make the correlation between serum
TNF-a concentration and insulin resistance doubtful.

This fact is also established from in vitro
studies that when human cells are exposed to TNF-a,
adipocytes become insulin resistant.”” Study conducted
by Mishima et a/*° found that TNF- o in obese type 2
diabetics depend on the degree of their insulin resistance
but not on BMI. Finally, besides several indirect lines of
evidence our data suggests that TNF- o may play a role
in the pathophysiology of type 2 diabetes mellitus.

As Pakistani population has higher incidence
of obesity, our population is more susceptible to its
deadly effects. The outcome of insulin therapy on levels
of inflammatory markers amongst obese and non-obese
diabetics has not been studied sufficiently. There is
necessity to find out the effect of insulin therapy to
neutralize and/or reduce the levels of TNF-a.
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The small sample size and the limited
observation period do not allow a definitive conclusion
from these data. A more comprehensive study with the
large population and long period would be more
informative. This study is performed on type 2 diabetics.
There is need to work on type 1 diabetes mellitus to find
out the effect of inflammatory markers in early age.

CONCLUSION

TNF-a plays an important role in insulin resistance
linked with obesity and T2DM in humans. Early
detection of TNF-a especially in obese individuals
having T2DM may help the physicians for better
management, which in turn will improve quality of life.

REFERENCES

1. World Health Organization. Obesity: Preventing and managing
the global epidemic. Report of a WHO consultation. World
Health Organization Technical Report Series 894. WHO 2000.
Available at: http://www.who.int/nutrition/publications/obesity/
WHO_TRS_894/en/

2. Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL,
Anis AH. The incidence of co-morbidities related to obesity and
overweight: A systematic review and meta-analysis. BMC Public
Health 2009;9:88.

3. Afzal S, Qaiser F, Saced I, Malik K. Metabolic syndrome
according to ATP3 guidelines in public sector diabetic clinic in
Pakistan. Healthmed 2014;8:1207-13.

4.  Hamada D, Maynard R, Schott E, Drinkwater CJ, Ketz JP, Kates
SL, et al. Suppressive effects of insulin on tumor necrosis factor-
dependent early osteoarthritic changes associated with obesity and
type 2 diabetes mellitus. Arthritis Rheumatol 2016;68:1392-402.

5. Rajarajeswari D, Ramalingam K, Krishnamma M, Krishna TS.
Association of TNF-a with obesity in type 2 diabetes mellitus. Int
J Pharm Biol Sci 2011;2(2):352-5.

6.  Popa C, Netea MG, van Riel PL, van der Meer JW, Stalenhoef
AF. The role of TNF-a in chronic inflammatory conditions,
intermediary metabolism and cardiovascular risk. J Lipid Res
2007:48(4):751-62.

7.  Hotamisligil GS, Budavari A, Murray D, Spiegelman BM.
Reduced tyrosine kinase activity of the insulin receptor in
obesity-diabetes. Central role of tumor necrosis factor alpha. J
Clin Invest 1994;94:1543-9.

8. Bertin E, Nguyen P, Guenounocu M, Durlach V, Potron G,

20.

Leutenegger M. Plasma levels of tumor necrosis factor-alpha
(TNF-alpha) are essentially dependent on visceral fat amount in
type 2 diabetic patients. Diabetes Metab 2000;26(3):178-82.
Bhatty SA, Aziz S, Shaikh NA, Hussain T. Insulin resistance and
inflammatory markers in obesity. Pak J Med Sci 2012;28(1):101-4.
Kern P, Saghizadeh M, Ong J, Bosch RJ, Deem R, Simsolo RB.
The expression of tumor necrosis factor in human adipose tissue.
Regulation by obesity, weight loss, and relationship to lipoprotein
lipase. J Clin Invest 1995;95:2111-9.

Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Speigelman
BM. Increased adipose tissue expression of tumor necrosis factor-
alpha in human obesity and insulin resistance. J Clin Invest
1995;95:2409-15.

Qi L, van Dam RM, Meigs JB, Manson JE, Hunter D, Hu FB.
Genetic variations in IL-6 gene and type 2 diabetes: tagging-SNP
haplotype analysis in large-scale case-control study and meta-
analysis. Hum Mol Gene 2006;15:1914-20.

Dandona P, Aljada A, Bandyopadhyay A. Inflammation: The
link between insulin resistance, obesity and diabetes. Trends
Immunol 2004;25(1):4-7.

Gallagher D, Kelley DE, Yim JE, Spence N, Albu J, Boxt L, et
al. Adipose tissue distribution is different in type 2 diabetes. Am
J Clin Nutr 2009;89(3):807-14.

White MF. IRS proteins and the common path to diabetes. Am J
Physiol Endocrinol Metab 2002;283(3):E413-422.

Katsuki A, Sumida Y, Murashima S, Murata K, Takarada Y, Tto
K, et al. Serum levels of tumor necrosis factor-alpha are
increased in obese patients with noninsulin-dependent diabetes
mellitus. J Clin Endocrinol Metab 1998;83:859-62.

Miyazaki Y, Pipek R, Mandarino LJ, DeFronzo RA. Tumor
necrosis factor-o and insulin resistance in obese type 2 diabetic
patients. Int J Obes Relat Metab Disord 2003;27(1):88-94
Cersosimo E, Triplitt C, Mandarino LJ, DeFronzo RA.
Pathogenesis of Type 2 Diabetes Mellitus. In: De Groot LJ,
Chrousos G, Dungan K, Feingold KR, Grossman A, Hershman
IM, et al, (Eds). Endotext [Internet]. South Dartmouth (MA):
MDText.com, Inc.; 2000. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK279115/

Saghizadeh M, Ong JM, Garvey WT, Henry RR, Kemn PA. The
expression of TNF alpha by human muscle. Relationship to
insulin resistance. J Clin Invest 1996;97:1111-6.

Mishima Y, Kuyama A, Tada A,Takahaslin K, Ishioka T, Kibata
M. Relationship between TNF alpha and Insulin Resistance in
obese men with Type 2 Diabetes Mellitus. Diabetes Res Clin
Pract 2001;52(2):119-23.

Address for Correspondence:

Dr Rana Khurram Aftab, Assistant Professor, Department of Physiology, King Edward Medical University, Lahore,

Pakistan. Cell: +92-321-2491550
Email: drranakhurram81@outlook.com

Received: 8 Mar 2018

Reviewed: 20 Apr 2018

Accepted: 22 Apr2018

20 http://www.pps.org.pk/PJP/14-2/Farhat.pdf



