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Context: Type 2 diabetes mellitus (T2DM) is a multi-factorial disease with several genetic
and environmental factors known to be associated with the disease. Tumor necrosis factor-
alpha (TNF-a) acts on fat cells associated with increased insulin resistance and obesity
and its increase can be associated with the prevalence of T2DM. Previous studies on the
relationship between 308 G/A polymorphism in TNF-a and T2DM wete not conclusive.
The aim of this study was to investigate the association between 308 G/A polymorphism
in TNF-o gene and T2DM using a systematic review and meta-analysis.

Evidence Acquisitions: In this systematic review we searched all published studies about the
association between TNF 308 G/A polymorphism and T2DM through databases such as
Scopus, Science direct, PubMed and Google scholar. A fixed or random effect model was
used on the basis of heterogeneity. The heterogeneity was assessed using the I* index. We
used STATA software (version 11.2) for data analysis.

Results: In 22 selected papers, the total number of T2DM and control subject was 8485
and 8615, respectively. Odds ratios (ORs) with 95% confidence intervals(CI) for the GG
genotype polymorphism 308 G/A in total, Asian populations and whites (Caucasian) were
estimated as OR =0.98 (95% CI: 0.96-1.00), OR = 0.96 (95% CI: 0.93 to 0.99) and OR =1.00
(95% CI: 0.97 to 1.40). The Publication Bias/or heterogeneity was observed in this study.

Conclusions: The present investigation have shown that 308 G/A polymorphism GG and
GA genotypes in TNF-a gene cannot be considered as predictors of T2DM (P<0.05).

Implication for health policy/ practice/ research/ medical education:

In a systematic review on 22 selected papers, we found that 308 G/A polymorphism GG and GA genotypes in TNF-« gene
cannot be considered as predictors of type 2 diabetes mellitus (P<0.05).

Please cite this paper as: Hasanpour Dehkordi A, Dousti M, Kiani F, Zamanian Azodi M, Rezaei-Tavirani M, Sayehmiri K.
Tumor necrosis factor-alpha 308 G/A polymorphism and type 2 diabetes mellitus; a systematic review and meta-analysis. |
Nephropathol. 2018;7(1):25-31. DOI: 10.15171/jnp.2018.09.

1. Context

to it, or both and is divided into two main categories;

Diabetes mellitus (DM) is a chronic disease and is one
of the health challenges in the 21st century. Decrease in
insulin secretion and/or resistance to it are known to be
involved in the development of DM (1). In general, DM
refers to a heterogencous group of metabolic disorders

characterized by decreased insulin action or resistance

diabetes type 1, and type 2. DM is generally characteristic
by insulin resistance and decrease in insulin production
(2). Approximately 90% of the global epidemics of
DM belongs to type 2 DM (T2DM) and it has become
the fourth common cause of death in most developed

countries. According to the international diabetes
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federation in 2003, the proportion of diabetes, in the
wortld, was 194 million people and it is estimated this
number will increase to 366 million people in 2030 which
will be mostly T2DM. Thus, due to increased demand for
health cate and the imposition of economic pressures,
diabetes (more specifically T2DM) has become an
important challenge for different communities (3).
There are known factors predisposing individuals
to T2DM. It is a multi-factorial disease and several
factors both genetics and environmental play role in its
development. Because of the magnitude, complexity and
multi-factorial nature of diabetes, the accurate diagnosis
of the genetic factors is difficult. Gene polymorphisms
have been considered to be essential for the development
of disease. Genomic studies in several countries and
different races have been performed to identify genes
associated with T2DM (4-6). However, the exact gene
(/or genes) involved in T2DM is not recognized. It
seems that all genes involved in the pathway of insulin
biosynthesis in pancreatic insulin and obesity can be the
potential candidates (7). So far, more than 200 genes have
been identified. One of these genes is tumor necrosis
factor-alpha (INF-a). As a regulator, TNF-o acts in fat
cells and is associated with increased insulin tesistance
and obesity (8). Adipose tissue is an important soutrce
of TNF-a. Thus TNF-a expression in human adipose
tissue and muscle increases the risk of obesity (9,10).
One of the known polymorphisms in tumor necrosis
factor-alpha (TNF-«) gene that is located on the short
arm of chromosome 6, is the displacement of guanine
with adenine at position 308 promotes the mentioned
gene. In general, the results of studies on the association
between the TNF-a gene polymorphism and T2DM is
inconsistent because in different populations different
results have been found (11)

Today’s chronic diseases are major challenges for
governments, nurses, healthcare professionals, families
and the community (12-17). So, many social and
economic costs are imposed annually on the family and
society (18,19).

Despite many studies conducted in this field, in different
countries and races, the existence or lack of relationship
between 308 G/A polymorphism of TNF-u and the risk
of T2DM has not been cleatly demonstrated. The aim
of this study was to investigate the association of 308
G/A polymorphism in TNF-a gene and T2DM using a

large-scale meta-analysis.

2. Evidence Acquisitions
2.1. Literature search and study selection

To find related documents, we searched the following
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literature databases: Scopus, PubMed, and Google
scholar, SID, Irandoc and Magiran. We performed
article search mainly using systematic search for all
possible combinations of English key words, the major
and sensitive ones and their equivalent keywords. We
searched based on keywords; TNF-o, type 2 DM and
polymorphism. To determine the scope of this study,
case-control studies and meta-analysis of previous
articles were collected. The article selection was as
follows; 1) a related case-control study and 2) having
complete data about genotype and adequate alleles. All
searches were performed independently by two people.
Under this process, in initial inquiry we found 37 articles
conducted during 1995 to 2013. The main criterion to
select papers in this study, was referring to the association
between gene, polymorphisms of TNF-o with T2DM.
We added all relevant papers to the initial list. Studies
about clinical decision making or those about clinical
characteristics of patients or those not related to the
topic of the research are excluded. The 8 non-relevant
articles were removed and 29 articles’ abstracts were
investigated. Due to the unavailability of full texts, the
2 papers’ abstracts were deleted and the full texts of 27
articles were investigated for the quality and finally, 22
articles were analyzed (Figure 1).

2.2. Statistical analysis

We extracted from each article the following data; the
number of controls, number of cases, the presence of
genotypes GG, GA and AA polymorphism 308 G/A

in cases and controls, age, sex and year of publication

123 studies identified through database
searching

l

89 records excluded because of duplication

!

34 records screened S

|

Full text of 28 articles assessed
for eligibility

|

24 studies included in qualitative

6 records
excluded

4 excluded because of
—> lack of required
information

synthesis

|

22 of studies included in quantitative

synthesis

Figure 1. Study flowchart.
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of the paper. Odds ratios (ORs) and its 95% confidence
intervals (Cls) were calculated for each study.

Peto method was used to calculate OR and pooled
OR. The heterogeneity was assessed using the Q and I
indexes. Begg’s funnel plot was used to check publication
bias. The data were analyzed using R program (version
2/15/1) and Stata (version 11.2). Additionally P value
less than 0.05 was considered as statistical significance.

3. Results

In 22 reviewed papers, the total number of T2DM and
control subjects were 8485 and 8615, including 6003
cases and 5683 controls with genotype GG, 2136 cases
and 2433 controls with GA. AA genotypes were found
among 198 cases and 408 controls. The European,
Australian, Mexican, Japanese, Indian, Chinese, Brazilian,
Chilean, and Iranian populations have been studied
from 1995 to 2013. Characteristics of the studies are
summarized in Table 1.

According to the results from the Random Effects
Model, OR (0.99) and 95% Cls (from 0.97 to 1.01)
were estimated. There was no significant association
between GG genotype and T2DM (P> 0.05). Due to the
heterogeneity of the studies (I* Index=1.82), the ClIs for

TNF-a 308 G/ A polymorphism and T2DN

each study based on a Random Effects Model is given
in Figure 1.

The results of three studies carried out by Zeggini et
al,” Guzman-Flores et al,”> and Golshani et al, to GG
genotype illustrate its protective role against T2DM
(Figure 1), while in study conducted by Boraska et al,* it
has been indicated that individuals having GG genotype
are 1.40-folds higher at risk of T2DM. In the 17
studies, there was no significant difference between GG
genotype and the susceptibility to T2DM. Combining the
results of all 21 studies, it has been shown no significant
relationship between GG genotype polymorphism
308 G/A genes in TNF-o and susceptibility to T2DM
(Figure 1).

In Figure 2, we found the publication bias has no
influence on GG genotype indicated by the symmetry
of the funnel. The size of the circles has shown the
precision of the studies. Thus, the greater the circles, the
greater the samples sizes, and vice versa (Figure 3).

4. Discussion

The results of the present study have shown that 308
G/A polymorphism GG and GA genotypes in TNF-a
gene cannot be considered as predictors of T2DM

Table 1. The characteristics of different articles related to 308G/A (INF-«) and susceptibility to type 2 diabetes mellitus

Heijmans et al 2002 Netherlands 79 577
Perez-Luque et al 2012 Mexico 95 135
Guzman-Flores et al 2011 Mexico 518 1290
Lietal 2003 Finland 395 284
Furuta et al 2002 Japan 132 142
Bouhaha et al 2010 Tunis 228 300
Boraska et al 2010 UK 1454 2504
Zeggini et al 2005 UK 834 1231
Kim et al 2006 Korea 169 198
Lindholm et al 2008 Sweden 2957 206
Ishii et al 2000 Japan 71 299
Morris et al 2003 Australia 91 189
Liu et al 2008 China 245 122
Hamann et al 1995 German 138 57

Padovani et al 2000 Brazil 21 145
Ko etal 2003 China 339 202
Santos et al 2006 Chile 30 53

Shiau et al 2003 China 261 189
Tsiavou et al 2004 Greece 32 39

Vendrell et al 2003 Spain 135 207
Dutta et al 2013 India 122 100
Golshani et al 2013 Iran 173 173
Total 8485 8615

>85 51 429 28 227 (20)
49.5/52 72 188 23 42 @1
— 438 1581 80 227 (22)
65.7/55.0 273 462 122 217 23)
55.6/51.8 129 268 3 6 ©4)
43.8/60.6 204 345 95 149 25)
— 938 2571 516 1387 (26)
— 484 1263 292 726 @7
— 174 315 24 52 (28)
61.2/59.7 1908 2041 1019 1091 29)
58.76/41.96 69 359 2 11 (30)
— 52 178 38 101 31
48.2/46.5 222 331 23 36 (32)
57.9/56.1 108 154 30 41 (33)
43/42 17 128 4 38 (34)
38.2/36.8 284 455 55 86 (35)
69-60 27 72 3 11 (26)
58.73/58.16 218 386 39 58 37)
51/44 29 61 3 10 (38)
56.67 109 268 26 74 (39)
— 76 147 46 75 (40)

50.4/54.1 146 308 27 38 Unpublished

6003 12310 2498 4703
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Figure 2. Meta-analysis of the GG genotype308G/A with T2DM. Square
represent effect estimate of individual studies with their 95% confidence
intervals with size of squares proportional to the weight assigned to the
study in the meta-analysis

(P<0.05).

The results of a similar study conducted by Feng et al in
2010 (41) have shown no significant relationship between
gene 308 G/A polymorphism TNF-o and T2DM.

In this study we added the result of four conducted
studies from 2010 to 2013 to the result of study
performed by Feng et al. In his another work, Feng
shows that the high levels of polymorphism 308 G/A
allele of TNF-a gene is a risk factor for diabetes type 1
(42). In a research by Furuta et al carried in Japan on 308
G/A, 132 diabetic patients and 142 healthy controls, the
association between single nucleotide polymorphisms in
the TNF-a gene promoter region was found in diabetic
patients and controls (24).

Mukhopadhyaya et al, in a work performed by the Indian
population of 40 diabetic patients and 40 control subjects
have found an association between single nucleotide
polymorphisms in the promoter region of genes 308-

G/A TNF-o and T2DM (43).

Costa et al evaluated 36 patients with diabetes and 41
control subjects. Low 863 G/A TNF-« allele and a high
concentration of soluble receptor-2 (TNFR2) TNF-o
were associated with the higher incidence of diabetes
type 2. This article has shown that there is an abnormal
increase of TNF-a disease, which is closely related to
genetics, metabolism and indicated T2DM indexes (44).
This meta-analysis study aimed to investigate the
association between polymorphisms in G/A 308
gene TNF-o and metabolic syndrome. The findings
demonstrate that allele A-TNF increases the risk of
metabolic syndrome (45). Additionally, in another study,
a significant association between increased body mass
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Begg's funnel plot with pseudo 95% confidence limits

s.e. of: RR

Figure 3. Begg’s Funnel plot for evaluation of publication bias.

index and polymorphisms has been reported in Swedish
women (29).

In a meta-analysis conducted on Han Chinese population,
10 studies including 1425 diabetic patients and 1116
healthy controls were studied. The results have shown
that A<G-308 polymorphism is a major risk factor
for T2DM and at the locus of A allele may be critical
for the development of T2DM in the Han Chinese
population (406). Results have shown that in other races,
including the Whites (27,28,33) and Japanese (24,30)
polymorphism A<G 308 TNF-« is not a risk factor for
the development of T2DM. Hence, it is concluded that
the race of the subjects is an important factor in making
final conclusion.

According to previous studies conducted in different
populations, the overall conclusion of this study was
that there was no significant association between allelic
sequences in 308 G/A gene for tumor necrosis factor-
alpha (TNF-o) and the risk of T2DM. However, T2DM
and insulin resistance is multi-factorial disorders in which
diverse genetic locus susceptibility involved in disease
occurrence. Environmental factors (such as nutrition
and physical activity) are also, effective in development
of this phenotypic occurrence (47). Besides, other
factors such as obesity, lack of physical activity and diet
are involved in the development of such disease (48). In
general, the result of TNF-a gene polymorphism and
T2DM is inconsistent. Depending on the population
studied, it shows various effects (11). Here, we should
remind that populations with a high incidence of
T2DM are widespread, for example in the Pima Indian
population that cannot be dedicated to environmental
factors (49).

5. Conclusions

In general, it is suggested that we need to have in future

www.nephropathol.com



research, not only to recruit more samples but also focus
on environmental factors such as ethnic differences.

Authors’ contribution

AHD and MZA; The concept, design, data analysis, and
manuscript preparation and final revision. MD, FK and
MRT; performing search, data collection, data extraction
and writing proposal. AHD and KS; statistical analysis,
manuscript editing, and manuscript review. MZA; data
collection and providing first draft and submission.

Conflicts of interest
The authors declare that they have no conflict of interest
regarding the contents of this article.

Ethical considerations

Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by
the authors.

Funding/Support

None.

References

1. Matthaei S, Stumvoll M, Kellerer M, Haring HU.
Pathophysiology and pharmacological treatment of
insulin resistance. Endocr Rev. 2007;21(6):585-618. doi:
10.1210/edrv.21.6.0413.

Diabetes
classification of diabetes mellitus. Diabetes Care. 2004;
27(1):5-10.  doi:  10.2337/diacare.27.2007.S5.

3. Meshkani R, Taghikhani M, Mosapour A. 1484insG
polymorphism of the PTPN7 gene is associated with

2. American Association.  Diagnosis  and

insulin resistance in an Iranian population. Arch Med Res.
2007;38(5):556-62. doi: 10.1016/j.arcmed.2007.01.010.

4. Bhattacharya S, Dey D, Roy SS. Molecular mechanism of
insulin resistance. | Biosci. 2007;32(2):556-62.

5. Grarup N, Urhammer S, Ek J. Studies of the relationship
between the ENPP1 K121Q polymorphism and type 2
diabetes, insulin resistance and obesity in 7333 Danish
white subjects. Diabetologia. 2006;49(9):2097-104.

6. Wiltshire S, Hattersley AT, Hitman GA. A genome-
wide scan for loci predisposing to type 2 diabetes in a
UK population (the Diabetes UK Warren 2 Repository):
Analysis of 573 pedigrees providesindependentreplication
of a susceptibility locus on chromosome lq. Am ] Hum
Genet. 2001;69(3):553-69. doi: 10.1086/323249.

7. Meshkani R, Taghikhani M, Alkateb H. Polymorphisms
within the protein tyrosine phosphatase IB (PTPNT) gene
promoter: Functional characterization and association
with type 2 diabetes and related metabolic traits. Clin
Chem. 2007;53(9):1585-92.

8.  Hofmann C, Lorenz K. Altered gene expression for tumor

www.nephropathol.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

TNF-a 308 G/ A polymorphism and T2DN

necrosis factor-alpha and its receptors during drug and
dietary modulation of insulin resistance. Endocrinology.
1994; 134(1):264-70. doi: 10.1210/endo.134.1.8275942.
Saghizadeh M, Ong JM, Garvey WT, Henry RR, Kern
PA. The expression of TNF alpha by human muscle.
Relationship to insulin resistance. ] Clin Invest. 1996;
97(4):1111. doi: 10.1172/JCI118504

Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose
tumor necrosis direct

expression of factor-alpha:

role in obesity-linked insulin resistance. Science.
1993;259(5091):87-91.

Hoffstedt J, Eriksson P, Hellstrom L, Rossner S, Ryden
M, Arner P. Excessive fat accumulation is associated with
the TNF- alpha-308 G/A promoter polymorphism in
women but not in men. Diabetologia. 2000;43(1):117-20.
Hasanpour-Dehkordi  A.  Self-care concept analysis
in cancer patients: an evolutionary concept analysis.
Indian | Palliat Care. 2016;22(4):388. doi: 10.4103/0973-
1075.191753.

Dehkordi AH, Heydarnejad MS. Effect of booklet and
combined method on patents’ awareness of children
with beta-thalassemia major disorder. ] Pak Med Assoc.
2008;58(9):485-7

Hasanpour-Dehkordi A, Khaledi-Far A, Khaledi-Far B,
Salehi-Tali S. The effect of family training and support
on the quality of life and cost of hospital readmissions in
congestive heart failure patients in Iran. Appl Nurs Res.
2016;31:165-9. doi: 10.1016/j.apnr.2016.03.005.
Hassanpour Dehkordi A, Mohammadi N,
NikbakhatNasrabadi A. Hepatitis-related
chronic patients: A qualitative study. Appl Nurs Res.
2016;29:206-10. doi: 10.1016/j.apnr.2015.04.010.
Noghabi AAA, Zandi M, Mechran A, Alavian SM,
Dehkordi AH. The effect of education on quality of
life in patients under interferon therapy. Hepat Mon.
2010;10(3):218-22.

Shahbazi K, Solati K, Hasanpour-Dehkordi —A.
Comparison of hypnotherapy and standard medical

stigma  in

treatment alone on quality of life in patients with
irritable bowel syndrome: a randomized control trial.
J Clin Diagn Res. 2016;10(5):0C01-4. doi: 10.7860/
JCDR/2016/17631.7713.

Hasanpour-Dehkordi A, Jivad N, Solati K. Effects
of yoga on physiological indices, anxiety and social
functioning in multiple sclerosis patients: a randomized
trial. J Clin Diagn Res. 2016;10(6):VCO01-5. doi: 10.7860/
JCDR/2016/18204.7916.

Hasanpour-Dehkordi A, Mohammadi N, Nikbakht-
Nasrabadi A. Re-designing Orem’s self-care theory for
patients with chronic hepatitis. Indian Indian ] Palliat Care.
2016;22(4):395-401. doi: 10.4103/0973-1075.191754 .
Heijmans BT, Westendorp RG, Droog S, Kluft C, Knook
DL. Association of the tumour necrosis factor alpha
-308G/A polymorphism with the risk of diabetes in an
elderly population-based cohort. Genes Immun. 2002;

Journal of Nephropathology, Vol 7, No 1, January 2018 29



Hasanpour Dehkordi A et al

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

30

3(4):225-8.  doi:10.1038/sj.gene.6363859.

Perez-Luque E, Malacara JM, Garay-Sevilla ME, Fajardo
ME. Association of the TNF-o -308G/A polymorphism
with family history of type 2 diabetes mellitus in a
Mexican population. Clin Biochem. 2012; 45(1):12-5.doi:
10.1016/j.clinbiochem.2011.09.018.

Guzman-Flores JM, Mufioz-Valle JF, Sanchez-Corona J.
Tumor necrosis factor-alpha gene promoter -308G/A
and -238G/A polymorphisms in Mexican patients with
type 2 diabetes mellitus. Dis Markers. 2011; 30(1):19-24.
doi: 10.3233/DMA-2011-0759.

LiH, Groop L, Nilsson A, WengJ, Tuomi TA. Combination
of human leukocyte antigen DQB1*02 and the tumor
necrosis factor alpha promoter G308A polymorphism
predisposes  to an insulin-deficient
patients with type 2 diabetes. ] Clin Endocrinol Metab.
2003;88(6):2767-74. doi: org/10.1210/jc.2002-020506.
Furuta M, Yano Y, Ito K, Gabazza EC, Katsuki A.
Relationship of the tumor necrosis factor-alpha 2308

phenotype in

A/G promoter polymorphism with insulin sensitivity and
abdominal fat distribution in Japanese patients with type 2
diabetes mellitus. Diabetes Res Clin Pract. 2002;56(2):141-
5. doi: 10.1016/S0168-8227(01)00358-8.

Bouhaha R, Baroudi T, Ennafaa H, Vaillant E, Abid
H. Study of TNFalpha 2308G/A and IL6 2174G/C
polymorphisms in type 2 diabetes and obesity risk in the
Tunisian population. Clin Biochem. 2010;43(6):549-52.
doi:  10.1016/j.clinbiochem.2010.01.008.

Boraska V, Rayner NW, Groves CJ, Frayling TM, Diakite
M. Large-scale association analysis of TNF/LTA gene
region polymorphisms in type 2 diabetes. BMC Med
Genet. 2010;11(1):69. doi: 10.1186/1471-2350-11-69.
Zeggini E, Groves CJ, Parkinson JR, Halford S, Owen
KR. Large scale studies of the association between
variation at the TNF/LTA locus and susceptibility to type
2 diabetes. Diabetologia. 2005;48(10):2013-7.

Kim HR, Lee MK, Park AJ. The 2308 and 2238
polymorphisms of the TNF-alpha promoter gene in type
2 diabetes mellitus. Korean J Lab Med. 2006;26(1):58-63.
doi:  10.3343/kjlm.2006.26.1.58

Lindholm E, Bakhtadze E, Cilio C, Agardh E, Groop
L. Association between LTA, TNF and AGER
polymorphisms and late diabetic complications. PLoS
one. 2008;3(6):¢2546. doi: 10.1371 /journal.pone.0002546.
Ishii T, Hirose H, Saito I, Nishikai K, Maruyama H. Tumor
necrosis factor alpha gene G-308 A polymorphism, insulin
resistance, and fasting plasma glucose in young, older, and
diabetic Japanese men. Metabolism. 2000;49(12):1616-8.
doi: 10.1053/meta.2000.18560.

Morris AM, Heilbronn LK, Noakes M, Kind KL, Clifton
PM. 2308 Nco I polymorphism of tumour necrosis factor
alpha in overweight Caucasians. Diabetes Res Clin Pract.
2003;62(3):197-201. doi: 10.1016/j.diabres.2003.08.002.
Liu HL, Lin YG, Wu J, Sun H, Gong ZC. Impact of
genetic polymorphisms of leptin and TNF-alpha on

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Journal of Nephropathology, Vol 7, No 1, January 2018

rosiglitazone response in Chinese patients with type 2
diabetes. Eur J Clin Pharmacol. 2008;64(7):663-71.
Hamann A, Mantzoros C, Vidal-Puig A, Flier JS. Genetic
variability in the TNF-alpha promoter is not associated
with type II diabetes mellitus (NIDDM). Biochem
Biophys Res Commun. 1995; 211(3):833-9. doi: 10.1006/
bbrc.1995.1887

Padovani JC, Pazin-Filho A, Simoes MV, Marin-Neto
JA, Zago MA. Gene polymorphisms in the TNF locus
and the risk of myocardial infarction. Thromb Res. 2000;
100(4):263-9. doi: 10.1016/S0049-3848(00)00315-7.
Ko GT, Lee SC, Pu YB, Ng MC, So WY. Tumour necrosis
factor alpha promoter gene polymorphism at 2308
(genotype AA) in Chinese subjects with Type 2 diabetes.
Diabet Med. 2000;20(2):167-8. doi: 10.1046/j.1464-
5491.2003.00829_1.x.

Santos M]J, Patino GA, Angel BB, Martinez HJ, Perez
BE. Association between tumor necrosis factor-alpha
promoter polymorphisms and type 2 diabetes and obesity
in Chilean elderly women. Rev Med Chil. 2006;134(9):1099-
106. doi: 10.4067/50034-98872006000900003.

Shiau MY, Wu CY, Huang CN, Hu SW, Lin §J. TNF-
alpha polymorphisms and type 2 diabetes mellitus in
Taiwanese patients. Tissue Antigens. 2003;61(5):393-7.
doi:  10.1034/.1399-0039.2003.00059.x.

Tsiavou A, Hatziagelaki E, Chaidaroglou A, Manginas A,
Koniavitou K. TNF-alpha, TGF-betal, I1.-10, IL-6, gene
polymorphisms in latent autoimmune diabetes of adults
(LADA) and type 2 diabetes mellitus. ] Clin Immunol.
2004;24(6):591-9.

Vendrell J, Fernandez-Real JM, Gutierrez C, Zamora
A, Simon I. A polymorphism in the promoter of the
tumor necrosis factor-alpha gene (2308) is associated
with coronary heart disease in type 2 diabetic patients.
Atherosclerosis. 2003;167(2):257-64. doi: 10.1016/S0021-
9150(02)00429-X.

Dutta D, Choudhuri S, Mondal SA, Maisnam I. Tumor
necrosis factor alpha -238G/A (rs 361525) gene
polymorphism predicts progtression to type-2 diabetes in
an Eastern Indian population with prediabetes. Diabetes
Res Clin Pract. 2013;99(3):¢37-41. doi: 10.1016/j.
diabres.2012.12.007.

Feng RN, Zhao C, Sun CH, Li Y. Meta-analysis of TNF
308 G/A polymorphism and type 2 diabetes mellitus.
PLoS one. 2011;6(4):¢18480. doi: 10.1371/journal.
pone.0018480.

Feng RN, LiY, Sun CH. TNF 308 G/A polymorphism and
type 1 diabetes: a meta-analysis. Diabetes Res Clin Pract.
2009; 85(1):e4-7. doi: 10.1016/j.diabres.2009.04.026.
Mukhopadhyaya PN, Acharya A, Chavan Y, Purohit
SS, Mutha A. Meta genomic study of single-nucleotide
polymorphism within candidate genes massociated with
type 2 diabetes in an Indian population. Genet Mol Res.
2010;9(4):2060-8.

Costa A, Fernandez-Real JM, Vendrell J, Broch M,

www.nephropathol.com



45.

406.

Casamitjana R, Ricart W. Lower rate of tumor necrosis
factor-a 863a allele and higher concentration of tumor
necrosis factor-a receptor 2 in first-degree relatives of
subjects with type2 diabetes. Metabolism. 2003;52(8):1068-
71. doi: 10.1016/S0026-0495(03)00108-2.

Sookoian SC, Gonzalez C, Pirola CJ. Meta-analysis on
the G-308A tumor necrosis factor alpha gene variant and
phenotypes associated with the metabolic syndrome. Obes
Res. 2005;13(12):2122-31. doi: 10.1038/0by.2005.263
Liu ZH, Ding YL, Xiu LC, Pan HY. A meta-analysis of
the association between TNF-a -308G>A polymorphism
and type 2 diabetes mellitus in Han Chinese population.
PLoS One. 2013;8(3):e59421. doi: 10.1371/journal.
pone.0059421

47.

48.

49.

TNF-a 308 G/ A polymorphism and T2DN

Bennett PH. Type 2 Diabetes: Prediction and Prevention.
Diabetic Med. 2000;17(8):625-625. doi: 10.1046/j.1464-
5491.2000.00290.x.

Wu Y, Ding Y, Tanaka Y, Zhang W. Risk factors
contributing to type 2 diabetes and recent advances in the
treatment and prevention. Int ] Med Sci. 2014;11(11):1185.
doi:  10.7150/ijms.10001.

Lillioja S, Mott DM, Spraul M, Ferraro R, Foley JE,
Ravussin E. Insulin resistance and insulin secretory
dysfunction as precursors of non-insulin-dependent
diabetes mellitus. Prospective studies of Pima Indians.
N Engl ] Med. 1993;329(27):1988-92. doi: 10.1056/
NEJM199312303292703.

Copyright © 2018 The Authot(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access atticle
distributed under the terms of the Creative Commons Attribution License (http://cteativecommons.otg/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is propetly cited.

www.nephropathol.com

Journal of Nephropathology, Vol 7, No 1, January 2018 31



