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ABSTRACT

Background: Interleukin-6 (IL-6) and C-Reactive Protein
(CRP) are mediators of inflammatory responses and
increase in people who are obese . The increase of IL-6 and
CRP levels is modified by polymorphism of -174 G>C IL-6
gene.

Aim: The purpose of this study was to investigate the
relationship between -174 G>C IL-6 polymorphism gene on
the level of IL-6 and CRP in the population of western
Indonesia obese who are obese.

Methods: In this study, we examined 178 subjects consisting
of 89 who are obese with BMI> 25, and controls with BMI
between 18.5 and 23. Fasting blood was taken from each
subject for the examination of IL-6 and CRP levels by the
ELISA method. Determination of genotype -174 G>C IL-6
gene was examined by Polymerase Chain reaction-
Restriction Fragment Length Polymorphism (PCR-RFLP)
methods.

Results: The results of this study showed increased levels
of IL-6 and CRP in the obese group compared to the
controls. In the obese group, CC genotype had higher CRP
and lower IL-6 levels than the GC and GG genotypes. The
frequency of CC genotype in the obese group was 47.2%
compared with 28.1% in controls and this genotype was
considered a risk factor for obesity. Carriers of the C
genotype as a dominant or a recessive model had greater
risk of obesity.

Conclusion: It was concluded that the polymorphism -
174G>C IL-6 gene is a risk factor for obesity and is
associated with increased levels of IL-6 and CRP in an obese
group of the Western Indonesian ethnic population.
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INTRODUCTION

Obesity is characterized by low-levels of inflammation or
metabolic inflammation in immune cells, especially
monocytes. White adipose tissue not only stores energy, but
also is an active endocrine organ that secretes more than 50
cytokines/chemokines and bioactive mediators,
predominantly interleukin-6 (IL-6) and C reactive protein in
plasma.' Increased levels of IL-6 in obese patients not only
occur during the acute-phase activation responses, but also
modulate glucose metabolism, lipid metabolism and
susceptibility to chronic disease.” C-reactive protein (CRP) is a
reactant produced in the acute phase by the liver, as a
marker of inflammation and is associated with body mass
index (BMI), and obesity.* Polymorphism of interleukin-6 is
associated with obesity, type 2 diabetes, metabolic
syndrome,® and ischemic stroke.®

Effects of polymorphism in the promoter region of IL-6 gene
are known to differ among individuals in the amount of
protein produced or systemic concentration in the response of
inflammatory mediators. The polymorphism of G replaced by
C in the promoter of the IL-6 gene (-174G>C) lies in the
chromosome 7p21.” The polymorphism in the promoter of -
174G>C IL-6 gene shows high transcriptional activity of the
gene, while in other studies the result is still in conflict.*

Several studies have shown that G alleles are associated with
comorbidities of obesity, but other studies show that C alleles
are associated with obesity, and increase the risk of
developing type 2 diabetes mellitus, hypertension, and
cardiovascular diseases.*® The variation of the IL-6 gene in
the modulating of metabolic syndrome may be a
consequence of a significant role in the aetiology of
metabolic disease associated with obesity. Differences in
some studies may be due to ethnic differences, as well as
differences in lifestyle, food intake, and geographical
location. Indonesia is a transcontinental country, where its
territory consists of thousands of islands geologically
considered as part of either Asia or Australia. There are two
large ethnic groups in Indonesia: the western group of
Indonesia is of Austronesian ethnicity and the eastern group
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of Indonesia is of Melanesian ethnicity, which are different in
linguistics and biodiversity as well as genetic pool."

This study aimed to determine the effects of -174 G>C IL-6
polymorphism as a risk factor of obesity and the levels of IL-
6 and CRP in the Western Indonesian ethnic group. This
research is expected to be the basis for improving the health
of Indonesian people with obesity, both as a model of
prevention and treatment.

MATERIALS AND METHODS

Subjects

This research used a case control study design consisting of
178 participants who were divided into two groups. The case
group (obese) included 89 participants with a BMI of more
than 25 kg / m? (female = 43; male = 46). Controls were 89
(female = 47; male = 42) people with normal BMI 18.5 - <25
kg/m? with the age of both ranging from 18 to 35 years. All
participants signed informed consent forms, and the research
was approved by the Medical and Health Research Ethics
Committee Faculty of Medicine, Public Health and Nursing,
Universitas Gadjah Mada with the reference number:
KE/FK/532/EC/2016. Subjects were excluded if they had
infectious diseases, cancer, were lactating mothers, pregnant
women, had liver or kidney disease, or subjects who take
medications such as anti-hypertension, and hypolipidemic
agents.

Anthropometric and Biochemical Measurements

Subjects had their weight and height measured to calculate
their BMI. All measurements were measured by one person to
avoid variations in the interpersonal measurements. Blood
was taken after fasting for 8 hours. Blood samples (5mL) were
centrifuged and separated into blood cells, buffy coat and
plasma. Plasma was used to determine the C-reactive protein
using ELISA DRG kits, and IL-6 concentrations were based on
the ELISA KIT following the Human IL-6 Elabscience protocol.

Genotyping

DNA was extracted from the buffy coats of samples using the
PROMEGA Kit, and then amplified using a primary design for
the IL-6 gene promoter region. The primers were: 5'-
TGACTTCAGCTTTACTICITGT-3 '(sense) and 5'-
CTGATTGGAAACCITATTAAG-3' (antisense). The PCR cycle
for amplification of the IL-6 gene promoter consisted of the
following steps: denaturation, 1 minute at 95°C, 1 minute for
primary annealing at 55°C, 1 minute for primer extension at
72°C, all in 30 cycles. The PCR product was digested by using
the Nlalll restriction enzyme at 37°C for 4 hours, and then
electrophoresis using 2% agarose gel. The C allele shown is
denoted by 367 and 244 bp and G allele with 611bp."”

Statistical analysis

The Kolmogorov Smirnov test was used to determine the
normality of data. The mean of BMI, CRP, and plasma IL-6
levels were compared between obese and control groups
using unpaired T tests when the data were normally
distributed. However, if the data were not normally
distributed, then the data were transformed first. If still not
normally distributed, the Mann-Whitney test was used. To
compare the BMI, CRP and plasma IL-6 levels between the
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genotypes one-way ANOVA tests were used, followed by Post-
Hoc tests. The genotype distribution in each group was tested
by Chi-Square tests. Determination of Odds Ratio (OR) was
done by using the Chi-Square test followed by the Yate’s
Correction test.

All statistical analyses were performed using SPSS 17
(Chicago, IBM).

RESULTS

Description the characteristics of participants are presented
in Table 1. There were significant differences in the body
weight, BMI, waist and hip circumference, blood pressure,
CRP and IL-6 level between obese participants compared to
the controls.

The levels of plasma CRP and IL-6, among genotypes in obese
and control subjects are presented in Tables II and III. Table
II shows there were higher and significantly different CRP
and IL-6 levels in all genotypes of the obese group compared
to the controls. Table III shows the grouping of genotypes and
comparison between obese and control groups. In the obese
group, the highest CRP levels were found in the CC genotype
and then the GC genotype with the lowest in the GG
genotype. For the IL-6 levels in the obese group, the highest
level was found in the GG genotype and then the GC and the
lowest level was found in the CC genotype but in the control
group, the levels of CRP and IL-6 were not significantly
different in all genotypes.

Polymorphisms of -174G>C IL-6 gene as shown in Table IV
found that there were higher frequency of CC genotype in the
obese group than controls and lower GG genotype were found
in the obese group than in control subjects. The CC genotype
had a risk of obesity 7.39 times higher than the GG genotype
and the CG genotype had a risk of obesity 4.4 times higher
than the GG genotype. As a recessive model, the CC
homozygote had a risk for obesity 2.29 times higher than
other genotypes (GC+GG) and with the dominant model, CC
+ CG genotypes having a risk factor for obesity 5.19 times
higher than the GG genotype. Additionally, subjects with C
allele in -174G>C IL-6 gene had a risk for obesity 2.22 times
higher than the G allele.

DISCUSSION

The main results of this study were: 1) obese subjects had
higher blood pressure, CRP and IL-levels than controls; 2) in
all genotypes, obesity contributed to increased CRP and IL-6
levels; 3) in the obese group, the CC genotype was the highest
and had significantly different CRP levels and the lowest IL-6
level, but in the controls these levels were not significantly
different in all genotypes; and 4) CC, and CG genotype and
C allele were risk factors of obesity.

In this study, the higher plasma IL-6 levels in the obese
subjects compared with controls are similar with previous
research suggesting that IL-6 levels are positively correlated
with BMI, as shown by the increased of CD163 marker
macrophage in adipose tissue, as a marker for IL-6."” During
obesity, adipocytes will increase in size of cells and adipose
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Table I: Anthropometric and biochemical characteristics of obese and control subjects

Variable Obese Control P
(n=89) (n=89)

Men 46 (51.7%) 42 (47.2%) -

Women 43 (48.3%) 47 (52.8%) -

Age 22.1+4.1 21.3+4.0 0.217
Height (cm) 162.3+7.6 160.7 7.3 0.169
Body weight (kg) 81.9+14.6 53.37+8.11 <0.001
BMI ( kg/m?) 30.9+4.2 20.5+2.2 <0.001
Waist circumference (cm) 96.3+12.1 72.67+7.7 <0.001
Hip circumference (cm) 109.4+9.6 87.9+7.2 <0.001
Systole blood pressure (mmHg) 113.1+£11.9 108.9+11.2 0.016
Diastole blood pressure (mmHg) 76.6+£7.9 71.9+8.5 <0.001
CRP (mg/L) 2.26+2.13 0.49+0.52 <0.001
IL-6 (pg/mL) 5.51+2.68 3.05+2.03 <0.001

BMI = Body Mass Index; CRP= C-Reactive Protein; IL-6 = Interleukin-6

Table II: BMI ratio, CRP and IL-6 levels between obese and control subjects in -174 G>C IL-6 genotype

Variable GG GC CcC
Obese Control P Obese Control P Obese Control P
N=5 N=22 N=42 N=42 N=42 N= 25
BMI 27.8+0.8 20.7+2.0 <0.001 30.9+4.4 20.6+2.4 <0.001 31.5+4.1 20.3+1.9 <0.001
CRP 1.19+0.58 0.56+ 0.61 <0.001 1.75+2.07 0.50+0.51 <0.001 2.90+2.15 0.42+0.47 | <0.001
IL-6 8.49+0.55 3.11+1.41 <0.001 5.90+2.96 3.06+1.93 <0.001 4.76+2.20 3.00+265 0.005
BMI = Body Mass Index; CRP= C-Reactive Protein; IL-6 = Interleukin - 6
Table Ill: BMI ratio, CRP, IL-6 levels between -174 G>C IL-6 genotypes in obese and control subjects
Variable Obese Control
Genotype Genotype

GG GC cc P GG GC CcC P

(n=5) (n=42) (n=42) (n=22) (n=42) (n= 25)
BMI (kg/m?) 27.8+0.8 30.9+4.4 31.4+4.1 0.18 20.7+2.0 20.6+2.4 20.3+1.9 0.70
CRP (mg/L) 1.19+0.58 1.75+2.07 2.90+2.15 0.023 0.56+ 0.61 0.50+0.51 0.42+0.47 0.64
IL-6 ((pg/mL) 8.49+0.55 5.90+2.96 4.76+2.20 0.005 3.11£1.41 3.06+1.93 3.00+2.65 0.98
BMI = Body Mass Index; CRP= C-Reactive Protein; IL-6 = Interleukin - 6

Table IV: Frequency of -174G>C Interleukin-6 genotype in obese and control subjects

Variable Obese Control OR (CI 95%) P H-W Equation P

(n=89) (n=89)
Genotype
ccC 42 (47.2) 25 (28.1) 7.39 (2.26-25.71) 0.0005 66 0.981
GC 42 (47.2) 42 (47.2) 4.40 (1.4-14.74) 85
GG 5 (5.6) 22 (24.7) 1 27
ccC 42(23.6) 25 (14.0) 2.29 (1.17 — 4.48) 0.014
GC+GG 47 (26.6) 64 (36.0)
CC+ GC 84 (94.4) 68 (38.2) 5.19 (1.73 - 16.65) 0.001
GG 5(2.8) 21 (11.8)
Allele
C 126 (35.3) 92 (25.8) 2.22(1.41-3.52) <0.001
G 53 (14.8) 86 (24.1)

Frequency (%); OR = Odds Ratio; Cl= Confidence Interval, H-W equation = Hardy-Weinberg equation

tissue will undergo changes in metabolism and immune
response. Increase in the size of adipocyte contributes to the
increase of IL-6 in circulation in obese individuals." These
results were also supported by research conducted by Braune
et al.,” which found the expression of IL-6 gene and its
receptor increased in the adipose tissue of obese mice. IL-6
has a role as a myokine, and in the skeletal muscle acts as an
energy sensor by activating AMP-activated protein kinase
(AMPK) and increasing glucose deposits, lipid oxidation, and

lipolysis.™
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This study showed obese subjects had higher levels of CRP
than the control subjects. Research conducted by Boeta-Lopez
et al.” also showed that CRP levels increased with increasing
of BMI. The level of CRP in the blood is believed to be a lipid
parameter, which can be identified as a risk factor of
cardiovascular events. CRP expression is regulated at the
level of transcription, and this process in the liver is induced
by IL-6. Stimulation of IL-6 in the acute phase of
inflammation, will increase plasma CRP levels.
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The relationship of -174 G>C IL-6 gene polymorphism with
IL-6 and CRP levels in this study showed that the obese group
had higher CRP and IL-6 levels for all genotypes than
controls; whereas in the obese group, GG genotypes had the
lowest of IL-6 levels compared with GC and CC genotypes. In
contrast to CRP levels, the highest level was found in CC
genotypes compared to the GC and GG genotypes. Low levels
of IL-6 occur because these polymorphisms occur in the
promoter region and affect the transcriptional system.
Polymorphism of SNP -174 G>C IL-6 gene is located near the
C/EBP-binding site and GATA1 transcription factorl. This
polymorphism produces a trans-activation reduction and
decreases the ability of promoter to bind to the glucocorticoid
receptors and promoters accessing GATA1 transcriptional
repressors. IL-6 genes encode the sequence of 212 amino
acids. The consequence of post-transcriptional modification
in this gene is a truncated protein.” The effects of CC
genotypes and C alleles in SNP -174 G>C IL-6 gene were
significantly associated with lower plasma IL-6 expression or
circulation compared with GG. The effects of -174G>C IL-6
gene polymorphism on CRP levels indicate that CC genotype
in obese subjects had higher CRP levels compared with the
GC and GG genotypes. This result is consistent with previous
research in subjects of a family that were homozygous of CC
genotype and had a significantly higher CRP levels compared
to GG homozygous.” Carriers of C allele were found to have
higher levels of CRP, which was a marker of an acute
immune response compared with the G allele.”

In the obese group in this study, the C carriers had lower
levels of IL-6, but higher levels of CRP than G carriers. These
results were consistent with the role of IL-6 as an anti-
inflammatory, anti-obesogenic agent, and its glucose
homeostasis function. In the development of obesity, hepatic
insulin resistance, hepatic inflammation, and mitochondrial
dysfunction were observed in mice fed a high-fat diet with IL-
6 deficiency.” IL-6 together with effector molecular pathways
such as leptin control energy and glucose homeostasis
through activation of STAT3 transcription factor. The
activation of STAT 3 signalling by IL-6 in the hypothalamic
neurons potentially suppresses appetite and increasing
peripheral glucose homeostasis. Pharmacological and
genetic approaches found IL-6 in the central nervous system
works independently on the membranes of IL-6R.*

The polymorphism of -174G>C IL-6 gene in this study showed
significant differences in the frequency of genotypes in obese
subjects compared to controls. Frequency of CC genotype was
higher and GG genotype lower in the obese group than in
controls. The results of this study was similar to previous
studies showing that genetic variation and the
polymorphism of -174 G>C IL-6 gene play a role in the
phenotype of obesity.”> The role of IL-6 is involved in the
homeostasis of energy through the regulation of central
nervous Ssystem. Interleukin-6 mediates inflammation
associated with cachexia via central mechanism and
hypothalamic-pituitary-adrenal activation (HPA) axis in the
hypothalamus level.” Contrary results found -174G>C IL-6
polymorphism did not have a significant effect on IL-6 levels,
CRP levels, and BMI on non-obese subjects,” finding that -174
G>C IL-6 polymorphisms did not change the plasma IL-6
levels in the control subjects.
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The frequency distribution of -174G>C IL-6 gene in this study
showed CC genotype was more common in obese subjects
than controls and this genotype had 7.39 times higher risk for
obesity than the GG genotype while the GC genotype had 4.4
times higher risk for obesity than the GG genotype. The C
allele has 2.22 times higher risk for obesity than the G allele.
This result is in line with other research that found -174G>C
polymorphism was a risk factor for obesity,"”** and
cardiovascular disease.” The frequency measurement of the
CC genotype in this research found 47.2% in obese and
28.1% in controls. This result was higher than other
populations. Other studies on white American subjects found
that 16% of CC genotype28, 15% in French Canadian?®, 6.2%
in Iranian,” 25% and 11% in obese and controls of South
African women30, with 7.3% and 2% in obese and controls
of Romanian ethnicity.” The CC genotype was not found in
African-American and black South African women.* This
difference in the results indicates the differences in the gene
pool for each ethnic group and populations and a different
influence as a risk factor for the occurrence of obesity. This
study needs further confirmation to determine the effects of -
174G>C IL-6 polymorphism on certain nutritional factors
that affect obesity and to examine the effect of the length of
obesity on endothelial disorders that may cause chronic
inflammation and contribute to the development of other
diseases. Limitations of this study are the limitation in
number of samples, and inability to control some
confounding factors such as physical activity and diet.

CONCLUSION

The results support the conclusion that the polymorphism of
-174 G>C IL-6 genotype in the ethnic people of Western
Indonesia is associated with the increased risk of obesity, high
plasma levels of IL-6 and C-Reactive Protein which are risk
factors for other related diseases. Further, this research is
expected to continue by examining the effect of gene
variation on the giving of anti-inflammatory compounds
which may have different effects on different genotypes,
though the results can be used for specific genotypic
purposes.

REFERENCES

1. Lago F, Dieguez C, Gomes-Reino ], Gualillo O. Adipokines as emerging
mediators of immune response and inflammation. Nat Clin Pract
Rheumatol 2007; 3: 716-24.

2. Shoelson SE, Lee ], Goldfine AB. Inflammation and insulin resistance. |
Clin Invest 2006; 116: 1793-801.

3. Park HS, Park JY, Yu RRelationship of obesity and visceral adiposity with
serum concentrations of CRP, TNF-alpha and IL-6. Diabetes Res Clin Pract
2005; 69: 29-35.

4. 1llig T, Bongardt F, Schopfer A Miiller-Scholze S, Rathmann W, Koenig W,
et al. Significant association of the interleukin-6 gene polymorphisms C-
174G and A-598G with type 2 diabetes. | Clin Endocrinol Metab 2004; 89:
5053-58.

5. Philips CM, Gorumidi L, Bertrais S. Ferguson JF, Field MR, Kelly ED, et al.
Additive effect of polymorphisms in the IL-6, LTA, and TNF-a genes and
plasma fatty acid level modulate risk for the metabolic syndrome and its
components. | Clin Endocrinol Metab 2010; 95: 1386-94.

6. Kumar P, Kumar A, Sagar R, Misra S, Faruq M, Suroliya V, et al.
Association between interleukin-6 (G174C and C572G) promoter gene
polymorphisms and risk of ischemic stroke in North Indian population: a
case-control study. Neurol Res 2016; 38(1): 69-74.

7. Bonafe M, Olivieri F, Cavallone L, Giovagnetti S, Marchegiani F, Cardelli
M, et al Gender-dependent genetic predisposition to produce high levels of
IL-6 is detrimental for longevity. Eur ] Immunol 2001; 31: 2357-61.

403



Original Article

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Woo P and Humphries SEIL-6 polymorphisms: a useful genetic tool for
inflammation research? | Clin Invest 2013; 123: 1413-4.

Goyenechea E, Parra MD, Martinez Herndndez JA. Role of IL-6 and its -
174G>C polymorphism in weight management and in the metabolic
comorbidities associated with obesity, An Sist Sanit Navar 2005; 28(3):
357-66.

Mohlig M, Boeing H, Spranger ], Osterhoff M, Kroke A, Fisher E, et alBody
mass index and C-174G interleukin-6 promoter polymorphism interact in
predicting type 2 diabetes, ] Clin Endocrinol Metab 2004; 89(4): 1885-90.
Encyclopaedia Britannica, https://www.britannica.com/place/Indonesia/
Ethnic-groups, Accesssed on 22 Mei 2018

Yeh KY, Li YY, Hsieh LL, Lu CH, Chou WC, Liaw CC, et al.,, Analysis
of the effect of serum Interleukin-6 (IL-6) and Soluble IL-6 receptor levels
on survival of patients with colorectal cancer, Japanese ] Clin Oncol 2010;
40(6): 580-7.

Sindhu S, Thomas R, Shihab P, Sriraman D, Behbehani K, Ahmad R.
Obesity is a positive modulator of IL-6R and IL-6 expression in the
subcutaneous adipose tissue: significance for metabolic inflammation.
PLoS ONE 2015; 10(7): e0133494.

Carey AL, Bruce CR, Saccheti M, Anderson M], Olsen DB, Olsen DB, et al.
Interleukin-6 and tumor necrosis factor- alpha are not increased in
patients with Type 2 diabetes: evidence that plasma interleukin-6 is
related to fat mass and not insulin responsiveness. Diabetologia 2004; 47:
1029-37.

Braune J, Weyer U, Hobusch C, Mauer ], Briining JC, Bechmann I, et alll-
6 regulates M2 polarization and local proliferation of adipose tissue
macrophages in obesity. | Immunol 2017; 198(7): 2927-34.

Hoene M and Weigert C. The role of interleukin-6 in insulin resistance,
body fat distribution and energy balance. Obes Rev 2008; 9: 20-9.
Boeta-Lopez K, Duran ], Elizondo D, Gonzales E, Rentfro A, Schwarzbach
AE, Nair S Association of interleukin-6 polymorphisms with obesity or
metabolic traits in young Mexican-Americans. Obes Sci Pract 2017; 14;
4(1): 85-96.

Popko K, Gorska E, Pyrzak B, Telmaszczyk-Emmel A, Wisniewska A,
Majcher A,et al, Influence of proinflammatory cytokine gene
polymorphism on childhood obesity. Eur | Med Res 2009; 14(Suppl4):
59-62.

Ramirez-Lopez G, Portilla-de Buen E, Sanchez-Corona ], Salmeron-Castro
], Mendoza-Carrerac F. Interleukin-6 polymorphisms are associated with
obesity and hyperglycemia in Mexican adolescents. Archives Med Res
2013; 44: 62-8.

404

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wallenius V, Wallenius K, Ahren B, Rudling M, Carlsten H, Dickson SL, et
al. Interleukin-6-deficient mice develop mature onset obesity. Nat Med
2002; 8: 75-9.

Timper K, Denson JL, Steculorum SM, Heilinger C, Engstrom-Ruud L,
Wunderlich CM et al. IL-6 improves energy and glucose homeostasis in
obesity via enhanced central IL-6 trans -signaling. Cell Reports 2017;
19(2): 267-80.

Steemburgo T, Azevedo M], Martinez JA. Gene-nutrient interaction and its
association with obesity and diabetes mellitus. Arq Bras Endocrinol
Metabol 2009; 53(5): 497-508.

Benrick A, Schéle E, Pinnock SB, Wernstedt-Asterholm I, Dickson SL,
Karlsson-Lindahl L et allnterleukin-6 gene knockout influences energy
balance regulating peptides in the hypothalamic paraventricular and
supraoptic nuclei. ] Neuroendocrinol 2009; 21(7): 620-8.

Qi L, van Dam RM, Meigs |B, Manson JE, Hunter D, Hu FB. Genetic
variation in IL6 gene and type 2 diabetes: tagging-SNP haplotype analysis
in large-scale case-control study and meta-analysis. Hum Mol Genet 2006;
15(11): 1914-20.

Cimponeriu D, Serafinceanu C, Apostol P, TomaM, Stavarachi M, Radu I,
et al. Potential association of obesity with IL6 G-174C polymorphism and
TTV infections. Cent Eur | Biol 2013; 8(7): 625-32.

Ibrahim OM, Gabre AA, Sallam SF, El-Alameey NR, Sabry RN, Galal EM,
et al. Influence of Interleukin-6 (174G/C) gene polymorphism on obesity
in Egyptian children. Maced ] Med Sci 2017; 5(7): 831-5.

Rostami F, Haj Hosseini R, Sharifi K, Daneshpour M, Azizi F, Hedayati M.
Association of G-174C polymorphism of the Interleukin-6 gene promoter
with obesity in Iranian population. Intern ] Med Health Sci 2010; 4(9):
400-3.

Jenny NS, Tracy RP, Ogg MS, Luong LA, Kuller LH, Arnold AM, et al. In the
elderly, Interleukin-6 plasma levels and the 174G>C polymorphism are
associated with the development of cardiovascular disease. Arterioscler
Thromb Vasc Biol 2002; 22(12): 2066-71.

Berthier M, Paradis A, Tchernof A, Bergeron |, Prud’homme D, Després |,
et al. The interleukin 6 -174G/C polymorphism is associated with indices
of obesity in men. | Hum Genet 2003; 48: 14-9.

Joffe YT, van der Merwe L, Evans ], Collins M, Lambert EV, September AV
et al. Interleukin-6 gene polymorphisms, dietary fat intake, obesity and
serum lipid concentrations in black and white South African women.
Nutrients 2014; 6: 2436-65.

Med ] Malaysia Vol 74 No 5 October 2019





