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Abstract Worldwide prevalence of diabetes mellitus motivates a number of as-

sociation studies to be conducted throughout the world. Eleven polymorphisms from

nine candidate genes in oxidative stress pathway have been analyzed in eastern

Indian type 2 diabetic patients (n = 145) and healthy controls (n = 100). Different

biochemical parameters were also analyzed for their association with the disease.

Significant associations were observed for rs2070424 A[G SOD1 (OR 3.91, 95%

CI 2.265–8.142, P\ 0.001), rs854573 A[G PON1 (OR 3.415, 95% CI

2.116–5.512, P\ 0.001), rs6954345 G[C PON2 (OR 3.208, 95% CI 2.071–4.969,

P\ 0.001), RAGE rs1800624 -374 T[A (OR 3.58, 95% CI 2.218–5.766,

P\ 0.001), and NOS3 -786 T[C (OR 3.75, 95% CI 2.225–6.666, P\ 0.001).

Haplotype containing two risk alleles of PON1 and PON2 genes was significantly

associated with disease (OR 8.34, 95% CI 1.554–44.804, P\ 0.002). Our results

suggest that carriers of major and efficient alleles of oxidative stress genes are more

likely to survive the comorbid complications and single copy of risk allele is suf-

ficient for developing the disease.
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Introduction

Type 2 diabetes mellitus (T2DM) is a multifactorial metabolic disorder which is

growing in epidemic proportions throughout the world and the greatest increase in

prevalence is predicted to occur in Asia and Africa by 2030 (Wild et al. 2004).

Several lines of evidence suggests that the aetiopathogenesis of the common form of

T2DM includes strong genetic components contributed by several common genetic

variants, each with relatively modest effect, acting in combination with each other

and with environmental and lifestyle triggers (Adak et al. 2010).

T2DM, or non-insulin-dependent diabetes mellitus (NIDDM), is characterized by

insulin resistance with significant metabolic dysfunction that includes obesity,

impaired insulin function and secretion, and increased endogenous glucose output.

Insulin resistance or defective insulin action occurs when physiological level of

insulin produces a subnormal response. This abnormal insulin secretion may be a

result of defective b-cell function, chronic exposure to free fatty acids and

hyperglycemia, and the loss of inhibitory feedback through plasma glucagon levels

(Del Prato and Marchetti 2004).

A growing body of evidence suggests that oxidative stress plays a key role in the

pathogenesis of micro- and macrovascular diabetic complications. The increased

oxidative stress in subjects with T2DM is a consequence of several abnormalities,

including hyperglycemia, insulin resistance, hyperinsulinemia, and dyslipidemia,

each of which contributes to mitochondrial superoxide overproduction in endothe-

lial cells of large and small vessels as well as the myocardium. Major

pathophysiological mechanisms that underlie diabetic complications could be

explained by increased production of reactive oxygen species (ROS) via: (1) the

polyol pathway flux, (2) increased formation of advanced glycation end products

(AGEs), (3) increased expression of the receptor for AGEs, (4) activation of protein

kinase C isoforms, and (5) overactivity of the hexosamine pathway (Brownlee 2001;

King and Loeken 2004; Leon and Raij 2005; Sheetz and King 2002).

Oxidative stress can promote both diabetic cell injury and the development of

insulin resistance by decreasing insulin sensitivity and destroying the insulin-

producing cells within the pancreas (Maiese et al. 2007). For example, ROS can

penetrate through cell membranes and cause damage to b-cells of pancreas (Chen
et al. 2005). Free fatty acids, which can lead to ROS generation, have been shown

to contribute to mitochondrial DNA damage and impaired pancreatic b-cell
function (Rachek et al. 2006). Oxidative stress also is believed to modify a

number of the signaling pathways that can ultimately lead to insulin resistance.

Conversely hyperglycemia can lead to increased production of ROS in endothelial

cells, liver and pancreatic b-cells (Yano et al. 2004). In rats, hyperglycemia has

been shown to result in a significant decrease in insulin-stimulated glucose uptake,

a significant increase in muscle protein carbonyl content (used as an indicator of
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oxidative stress), and elevated levels of malondialdehyde and 4-hydroxynonenal as

an indicator of lipid peroxidation (Haber et al. 2003). Studies on oxidative stress

and insulin resistance unequivocally suggest that ROS contribute to the

pathogenesis of hyperglycemia-induced insulin resistance (Haber et al. 2003).

Proximal hyperglycemia-induced changes affect multiple cell signaling pathways

through activation of protein kinase C (PKC), NADPH oxidase, poly-ADP-ribose

polymerase (PARP), and other more upstream events, which finally activate

transcription factors AP-1 and nuclear factor kappa beta (NFķb) (Fig. 1).

Hyperglycemia-induced metabolic alterations lead to activation of PARP-mediated

energy depletion and NFķB-mediated inflammation which may be abolished by

overexpression of mitochondrial superoxide dismutase (SOD) or mitochondrial

SOD (MnSOD) (Nishikawa et al. 2000). In addition, hyperglycemia-induced

expression of endothelial and inducible forms of nitric oxide synthetase (NOS) has

been shown to enhance production of nitric oxide (NO) (Kankova and Sebekova

2005). Reactive dicarbonyls (mainly methylglyoxal), if not sufficiently metabolized

by glyoxalase system (GLO1 and 2), are precursors of AGEs. Reactive oxygen

species (ROS) and AGEs activate transcription factors AP-1 and NFķb causing

DNA damage. PARP-1 transfers poly-ADP-ribose units to several nuclear proteins

including glyceraldehyde-3-phosphate dehydrogenase (GAPDH) preventing translo-

cation of GAPDH from nucleus to cytoplasm and thus prevents its function as a

Fig. 1 A pathway for RAGE-induced intracellular cell signaling (Kankova and Sebekova 2005)
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glycolytic enzyme which leads to the accumulation of the upstream intermediate

compounds of the glycolytic pathway. The activation of these pathways, in turn,

results in the secondary production of ROS and induces oxidative stress (Baragetti

et al. 2013). The involvement of different oxidative stress related genes encoding

SOD (SOD1, SOD2), NOS, high density lipoprotein and low density lipoprotein

associated paraxonase (PON1, PON2), NADPH oxidase (CYBA1), receptor for

AGEs (RAGE) in the above mentioned pathways are thus well accepted. This

underscores the importance of association study of these genes for understanding

diabetic complications more properly.

Polymorphisms in SOD and RAGE genes are implicated in diabetes pathogenesis

by a number of association studies conducted in South Asian and Caucasian

populations (Tiwari et al. 2009; Matsunaga-Irie et al. 2004; Prasad et al. 2010).

Human serum PON1 gene protects from atherosclerosis by preventing LDL-C from

oxidation as well as by hydrolyzing the oxidized form of LDL-C. PONase activity

has been found to be decreased in patients with diabetes (Altuner et al. 2011; Ergun

et al. 2011) and familial hyperlipidemia. Nearly 200 single-nucleotide polymor-

phisms (SNPs) of PON1 gene have been identified so far (Richter et al. 2010), of

which most studied are -909 G/C [rs854572], A/G [rs854573], 108 C/T [rs705379],

and L55M [rs 854560] [Costa et al.2003]. Several sequence variants particularly

Arg148Gly and Cys311Ser variants on PON2 have received much attention for their

association with microvascular complications in type1 and type 2 diabetes mellitus

(Mayer and Hemmens 1997). Endothelial NOS (eNOS), a key regulator of vascular

nitric oxide production, has been investigated extensively to determine the

relevance of DNA variants in the eNOS gene to vascular and renal diseases. eNOS

or NOS3 gene, is mapped to chromosome 7q36 is highly polymorphic and several

studies are undertaken to investigate the potential association of polymorphisms and

risk of atherothrombotic vascular disease in Caucasian and Asian populations.

A SNP in the promoter region (-786 T/C), a G/T substitution at nucleotide 894 in

exon7 leading to an amino acid change (Glu298Asp), and a 27 bp variable number

of tandem repeats (27 bp-VNTR) in intron 4 have received much attention because

of their functional relevance to eNOS activity and association with cardiovascular

and renal diseases (Thameem et al. 2008). An increased risk of hypertension for

individuals homozygous for the -786C allele was observed in Caucasians. Also the,

variants in Aldoketo Reductase family 1 member B1 (AKR1B1) genes have been

investigated for their association with different disease conditions. AKR1B1

variants have been shown to be associated with diabetic neuropathy (Sivenius et al.

2004; Donaghue et al. 2005), nephropathy (Makiishi et al. 2003), and retinopathy

(Wang et al. 2003). Given genetic impact of the mentioned stress-related genes in

diabetic patients around the world, the present study compares the distribution of

genotype and allele frequencies of eleven polymorphisms from nine major oxidative

stress-related genes between 145 eastern Indian diabetic populations and 100

healthy controls. In addition, genotypic dependence of different clinical parameters

such as BMI, blood sugar, and glycated hemoglobin (HbA1C) levels was also

explored in diabetic patients.
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Materials

Study Subjects

A total of 145 T2DM patients and 100 healthy controls participated in this case

control association study. Blood samples were collected from 45 to 55 years old

unrelated individuals suffering from type 2 diabetes for the period of 1–5 years and

sex and age matched healthy volunteers from IPGMER/SSKM hospital, Kolkata,

India. The study was guided by World Health Organisation criteria and University

and Hospital ethical committees’ guidelines. All the clinical data were obtained

from outpatient departments of SSKM. All type 2 diabetes patients represented BMI

of 18–35 kg/m2, HbA1C[ 7%. The 2 h post-glucose tolerance test of blood sugar

level (after a 75 g glucose load) for diabetic patients is greater than 200 mg/dL

(11.11 mmol/L) while the value is less than 140 mg/dL (7.8 mmol/L) for control

healthy subjects (without any family history of diabetes or hypertension). None of

the subjects (both control and patients) were smokers. Complete clinical and

demographic characteristics of the study population have been reported in Table 1.

Table 1 Clinical characteristics on the study population

Characteristics No. of cases No. of controls P value

145 100

Age 51 ± 11.28 63.46 ± 8.533 \0.05a

Gender (M/F) 82/63 25/25 0.422b

HbA1c 9.30 ± 1.52 10.9 ± 1.13 \0.05a

HbA1c log 0.96 ± 0.07 1.03 ± 0.04 \0.01a

BMI baseline 18 ± 3.348 23.40 ± 2.94 \0.05a

BMI baseline log 1.40 ± 0.058 1.36 ± 0. 053 0.04

BMI 18 ± 2.95 22.86 ± 2.92 \0.05a

BMI log 1.39 ± 0.05 1.35 ± 0.05 0.03

Fasting baseline 157.117 ± 54.08 81.94 ± 6.96 \0.05a

Fasting baseline log 2.17 ± 0.124 1.91 ± 0.03 \0.01a

Fasting 208.542 ± 80.402 80.07 ± 7.15 \0.05a

Fasting log 2.12 ± 0.149 1.90 ± 0.03 \0.01a

PP baseline 208.542 ± 80.40 131.2 ± 11.97 \0.05a

PP baseline log 2.29 ± 0.153 2.11 ± 0.03 \0.01a

PP 195.31 ± 84.03 123.264 ± 11.83 \0.05a

PP log 2.25 ± 0.17 2.08 ± 0.04 \0.01a

All the data were represented as mean ? SE
a Student’s t test
b Pearson’s v2 test
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Methods

Sample Preparation and Genotyping

Following salting out (Miller et al. 1988) of genomic DNA from 5 mL of venous

blood, the yield and purity of DNA were confirmed by spectrophotometric

analysis by estimating the absorbance at 260 and 280 nm. Primers for eleven

SNPs distributed over nine candidate genes (Table 2) were designed for the

study. Approximately 100–150 ng of genomic DNA from each individual was

amplified using specific primer pairs (Table 3). Briefly, the PCR was performed

in a Veriti� thermocycler (Applied Biosystem), following a standard protocol.

Eight to ten microliters of PCR product was digested with 5 U of respective

restriction endonucleases from New England Biolabs (NEB) (Table 3) in a final

volume of 20 mL following the manufacturer’s instructions. The resulting

fragments were separated on 2–3% agarose gel, visualized in Gel-Documentation

System 2000 (Bio-Rad Laboratories (UK) Ltd). Genotype assignment was based

on size discrimination of PCR-digested products. Samples with known genotypes

were included in each set of digestion to ensure that the observed genotypes were

not due to partial/incomplete digestion (Fig. 2).

Statistical Analysis

The clinical variables were represented as mean/median ± SE (Table 1). All the

clinical parameters were log transformed for normal distribution and subjected to

Pearson correlation in pair-wise combinations. Hardy–Weinberg equilibrium was

tested using the v2 goodness-of-fit test in cases and controls. In all the

polymorphic region the 11 genotype corresponds to the first allele, e.g., Ala 9

Val C[T 11 = CC, 12 = CT, 22 = TT genotypes. Strength of association was

tested by odds ratio estimates at 95% confidence interval. P values \0.05 were

considered significant. Bonferroni correction and false discovery rate (FDR) and

power of the sample size for each of the SNPs at 5% significance level was

calculated. Simple linear regression analysis was done on significantly correlated

parameters. Taking one specific parameter as dependent and other correlated

parameters as predictor variables, standardized residuals were obtained and

clarified for association analyses. Association between disease phenotype and

genotype(s) of a particular locus was analyzed by parametric independent t test

and ANOVA to examine equality of means and non-parametric Kruskal–Wallis

H test which makes no assumption of normal distribution or equality of

means/variances of the quantitative index under different genetic model (Fig. 2).

For linked loci, the haplotypes and their frequencies were estimated using

Haploview separately in T2DM patients and controls. An assessment of allele/

haplotype-based risk was performed by comparing the frequency of an individual

allele/haplotype with that of the most prevalent one taken as reference using a

two-way contingency table. This enabled us to estimate the odds ratios (ORs)

with 95% confidence intervals (CI’s), v2 and P values.
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Results

Clinical Demography

The differences of all the clinical parameters between cases and control groups for

both the baseline (data collected before treatment of cases) and endpoint data (data

collected after treatment of cases) were found to be statistically significant. The log

transformation of the crude data reduced the skewness property for mean value of

the distribution of each clinical parameter and log transformed data of clinical

variables approximated the features of normal distribution (Table 1). Gender, log

transformed mean value of BMI baseline, and endpoint data did not yield any

statistical significance between case and controls.

Genetic Analysis

Eleven SNPs from 9 oxidative stress-related genes such as SOD1, SOD2, SOD3,

PON1, PON2, AGER, AKR1B1, NOS3, and NADPH p22 phox CYBA1 were tested

Fig. 2 Methods
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in all diabetic and healthy populations. Hardy–Weinberg equilibrium (HWE)

prevailed for each gene for both cases and controls. Statistically significant

association was observed for SOD1 (rs2070424, A[G), PON1 (rs854573, A[G),

PONII (rs6954345, G[C), RAGE -374 (rs1800624, T[A), and NOS3 (-786,

T[C) genotype frequencies observed in diabetic group was compared with that in

healthy controls (Table 4; Figs. 3, 4, 5). This could be attributed to a significant

excess of major or wild-type allele and major homozygous genotypes in both

diabetic as well as healthy groups. A dominant model of inheritance with respect to

minor allele frequencies (ranged from 28 to 40%; Table 4) was observed in all 5

associated loci of disease groups. The larger odds of rare homozygous genotype to

common homozygous genotype than odds of heterozygotes genotype to common

homozygous genotype was observed between cases and controls in all associations.

The remaining markers such as SOD2 (rs1799725, C[T), SOD3 (rs699473, T[C),

AGER 1704 G/A, AKR1B1, and CYBA1 were not found to be associated with the

disease in this study population.

Genotype-Based Effect of Different Clinical Parameters by Parametric
and Non-Parametric Analyses

Correlation between different clinical parameters was explored for both crude and

log transformed data. Significant correlation was observed between BMI baseline

and fasting baseline data, BMI baseline data and fasting endpoint data, Fasting and

PP among diabetic populations (Fig. 6). The baseline and endpoint value of HbA1C

explored no significant correlation with any other clinical parameter. The correlated

parameters were then linearly regressed to nullify the probable impact of the factor

that was found to be correlated. The residuals of each specific parameter was

analyzed for association study. We examined the effect of individual genotype in

pair-wise comparisons of all 5 associated loci on different clinical parameter levels

using non-parametric Kruskal–Wallis test (Tables 5, 6) which explored asymp-

tomatic significance in accordance with different genotypic groups, based on

different clinical parameters. The asymptomatic significance of mean differences in

HbA1c level however, observed in 11 versus 12 genotype combinations of SOD1

A[G (Ala9Val, rs2070424) SNP, PON2 (rs6954345 G[C) SNP, between 11 versus

22 genotypic groups of SOD1 A[G and RAGE rs 1800624 T[A SNP, 12 versus 22

genotype combinations of RAGE rs 1800624 T[A SNP (Table 5). Mean HbA1C

level in diabetic populations also revealed parametric differences in 11 versus 12 gp

of SOD1 A[G (Ala9Val, rs2070424) and PON2 (rs6954345 G[C) SNPs (Table 5)

and 12 versus 22 gp of RAGE rs 1800624 T[A SNP. In all aspect baseline values of

clinical parameters gave differences. The residuals of all the correlated parameters

revealed marginal differences in 11 versus 12 genotypes of PON1 A[G (rs854573)

SNP (Table 6). None of the correlated parameters revealed significant difference in

any genotypic groups when residuals were considered in parametric analysis in

cases.
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Haplotype-Based Risk Assessment in PON1 and PON2 SNPs

Haplotypes pertaining to PON1 and PON2 SNPs and maximum likelihood estimates

of their frequencies were obtained using Haploview (Table 7). For PON1, A[G

(rs854573) SNP, the A-allele was coded by 0 and the G-allele by 1. For PON2

(rs6954345 G[C) SNPs, the G-allele was coded by 0 and the C-allele by 2. A total

of four haplotypes (00, 01, 10. 11) were observed in the patients and control

samples. Most common haplotype in both cases and controls was 00 (Table 7).

Since proportion of common haplotype was larger in control group, risk assessment

of each individual haplotype was performed with reference to this (00). Haplotype

11 represented a greater odds ratio when compared both with a single reference

haplotype as well as against all other haplotypes pooled as single reference

haplotype. The other two risk haplotypes 01 and 10 produced significant difference

between cases and controls when compared against most prevalent 00 haplotype but

no significant differences when compared against pooled haplotypes (Table 7).

Fig. 3 RFLP genotyping of the SOD1 251 A/G polymorphisms. Lane 1–3 individuals with genotype
AA, Lane 4 individual with genotype AG. Lane M marker band of sizes 1412, 1000, 567, 367, 212, and
125 bp, respectively
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Discussion

Diabetes mellitus (DM) is a chronic disorder characterized by impaired metabolism

of glucose and lipids due to defect in insulin secretion (beta cell dysfunction) or

action (insulin resistance). The characteristic properties of diabetes mellitus are

chronic hyperglycemia, microvascular (e.g., retina, renal glomerulus, and peripheral

nerve) as well as macrovascular [e.g., atherosclerosis, coronary artery disease

(CAD), stroke] pathologies with more than 17.5 million deaths worldwide

attributable to cardiovascular complications (Moore et al. 2009). According to

International Diabetes Federation (IDF), 371 million people have been reported with

DM and the number is expected to rise to[552 million by 2030. The 2012 Indian

statistics showed 63.0 million diabetic cases and a prevalence of 8.37% in adult

population while a 4.0% prevalence of type 2 diabetes mellitus (T2DM) was

reported in north Indian population (Banerjee and Saxena 2012).

There are considerable amounts of data indicating that the chronic elevation of

plasma glucose causes many of the major complications of diabetes, including

nephropathy, retinopathy, neuropathy, and macro- and microvascular damage

(DeFronzo 1997). Increased levels of free fatty acids (FFAs) are positively correlated

with both insulin resistance (McGarry 2002) and the deterioration of cell function in

Fig. 4 RFLP genotyping of the -374 T/A polymorphisms. Lane 1–11 genotype TA for each individual
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the context of concomitant hyperglycemia (Poitout and Robertson 2002). These latter

effects may result from oxidative stress. There is evidence that oxidative stress,

defined as a persistent imbalance between the production of highly reactive molecular

species (chiefly oxygen and nitrogen) and antioxidant defenses, leads to tissue damage

(Rosen et al. 2001). Oxidative stress results from increased content of ROS and/or

reactive nitrogen species (RNS) (Ray Haldar and Bhattacharyya 2014). There are data

indicating that ROS formation is a direct consequence of hyperglycemia (Brownlee

2001); more recent studies have suggested that increased FFA levels may also result in

ROS formation. DNA, protein, and lipid, ROS are believed to play a key direct role in

the pathogenesis of late diabetic complications (Rosen et al. 2001; Nishikawa et al.

2000). In addition to their ability to directly inflict macromolecular damage, ROS can

function as signaling molecules to activate a number of cellular stress-sensitive

pathways that cause cellular damage, and are ultimately responsible for the late

complications of diabetes. These same pathways are linked to insulin resistance and

decreased insulin secretion. In vivo studies have revealed that oxidative stress caused

by hyperglycemia (and perhaps FFAs) occurs before the complications of diabetes

Fig. 5 RFLP genotyping of the -786 T/C polymorphisms. Lane 1 individual with genotype TT, Lane
2–4 individuals with genotype TC, Lane 5–7 individuals with genotype TT, Lane Mmarker bands of sizes
3000, 2000, 1000, 900, 800, 700, 600, 500, 400, 300, 200, and 100 bp, respectively
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become clinically evident (Rosen et al. 2001). Wolff and Dean (1987) suggested that

non-enzymatic protein glycation, a mechanism proposed early on to account for

glucose cytotoxicity, was dependent on ROS (superoxide and hydroxyl) formation

through transition metal-catalyzed glucose auto oxidation. Research in numerous

laboratories has indicated that hyperglycemia activates several major, well-charac-

terized biochemical pathways that play a significant role in the etiology of diabetic

complications. These pathways include AGEs and RAGE (Brownlee 2001), PKC

(Koya and King 1998), and the polyol pathway (Stevens et al. 2000). More recently,

hyperglycemia has been implicated in the activation of additional biochemical

pathways, including the stress-activated signaling pathways of NF-ķb, NH2-terminal

Jun kinases/stress-activated protein kinases (JNK/SAPK), p38 mitogen-activated

protein (MAP) kinase, and hexosamine. Data now indicate that activation of these

pathways is linked not only to the development of the late complications of diabetes,

but also to insulin resistance and b-cell dysfunction. There is certain evidence of the

Fig. 6 Correlation matrix of different clinical parameters in cases
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involvement of different oxidative stress-related genes such as SOD2, PON1, PON2,

AKR1B1, AGE, and eNOS, in these pathways and they are regarded to harbor causal

polymorphisms leading to diabetic microvascular complications. Considering the

impact of these oxidative stress-related genes in diabetes pathogenesis, we have

analyzed, in a pilot study, the role of 11 polymorphisms from9major genes involved in

themaintenance of cellular redox balance and important physiological functions in the

development of diabetes in populations from eastern India.

The studywas initiated with demographic data of different clinical parameters such

as BMI, fasting blood glucose level, PP sugar level, and HbA1C between diseased and

healthy groups as recorded in the case history of outpatient department of government

hospitals. All of the parameters significantly differed in mean values between cases

and controls. In all aspects baseline values showed significant differences from

endpoint values of clinical parameters. This fact supports the enhanced effect of

clinical parameter before treatment in comparison to reduced effect of same parameter

after treatment. However, the objective of present study was not only to clarify the

means of different clinical parameters between diseased and healthy groups, but also

to assess the disease pathogenesis with respect to different candidate genes along with

their clinical impacts. Preliminarily this association study was conducted with 11

SNPs of 9 oxidative stress-related candidate genes with previous reports of their

association in disease pathogenesis. Out of these 11 SNPs, statistically significant

association was observed for SOD1 (rs2070424, A[G), PON1 (rs854573, A[G),

Table 5 Parametric and non-parametric analysis of HbA1C

SNP ID Non-parametric analysis (P values) Parametric co-dominant analysis (ANOVA)

11 vs 22 12 vs 22 11 vs 12 Combination of

different genotypes

HbA1C HbA1C log

SOD1 0.021* 0.158 0.006** 11 vs 22 1.000 1.000

11 vs 12 0.018* 0.026*

12 vs 22 0.721 0.989

PON1 0.889 0.850 0.608 11 vs 22 1.000 1.000

11 vs 12 1.000 1.000

12 vs 22 1.000 1.000

PON2 0.052 0.452 0.016* 11 vs 22 0.730 0.832

11 vs 1 0.024* 0.024*

12 vs 22 1.000 1.000

RAGE -374 0.045* 0.012 0.580 11 vs 22 0.082 0.085

11 vs 12 1.000 1.000

12 vs 22 0.025* 0.019*

NOS3 -786 0.600 0.369 0.418 11 vs 22 1.000 1.000

11 vs 12 1.000 0.868

12 vs 22 1.000 1.000

* p\ 0.05 is statistically significant

** p\ 0.01 is statistically significant
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PONII (rs6954345, G[C), RAGE-374 (rs1800624, T[A), and NOS3 (-786, T[C)

in diabetic group compared against healthy controls (Table 4; Figs. 3, 4, 5). The

associations observed in present study do not tally completely with other results of

associations of same SNPs, in worldwide as well as in India. For example, previously

in Indian population, RAGE -374 (rs1800624, T[A) promoter polymorphism was

found to be associated in non-proliferative diabetic retinopathy subjects (Ramprasad

et al. 2007) similar to the present observation. Our study failed to detect any

association of RAGE G82S A/G and 1704G/T polymorphisms, whereas these two

polymorphisms were found to be associated in the population of Japan (Matsunaga-

Irie et al. 2004). The disparity of genetic association observed in regional populations

of a country may be contributed by population heterogeneity as well as the limited

sample size of the present study. However, the study also explored some similar

patterns of results such as PON1 A[G polymorphism in Turkish population, in north

Indian population with coronary artery disease (Ergun et al. 2011; Agrawal et al.

2009), and SOD1 A[G polymorphism in Chinese population. Tanus-Santos et al.,

examined the distribution of theT-786C,Glu298Asp, and 27 bp-VNTRvariants of the

eNOS gene in a sample of 305 individuals of different ethnicity (100 Caucasians, 100

African Americans, and 105 Asians). They found that the -786C variant was more

common in Caucasians (42%) than in African Americans (18%) or Asians (14%),

though only one study in Caucasians has been associated with an increased risk of

hypertension (adjusted OR 1/4 2.16, 95% CI 1.3, 3.7) for individuals homozygous for

the -786C allele (Tanus-Santos et al. 2001).

Table 7 Haplotype-based risk assessment and frequency of different haplotypes in eastern Indian

population

Haplotype

combination

Reference

haplotype

Estimated haplotype

frequencies

pa OR (95% CI) Pb OR (95% CI)

Cases in %

(n = 145)

Control in %

(n = 100)

00 42.1 73.1 – –

01 00 24.1 13.9 0.133 0.017*

1.97 (0.8132–4.7945) 3.01 (1.2101–7.4898)

10 00 18.6 9.9 0.151 0.024*

2.09 (0.7541–5.7773) 3.26 (1.1503–9.2515)

11 00 14.9 3.1 0.014* 0.002**

5.49 (1.041–28.9832) 8.34 (1.5545–44.804)

Frequencies of haplotypes pertaining to PON1 and PON2 SNPs in 145 East Indian diabetic subjects and

100 control subjects

* p\ 0.05 is statistically significant

** p\ 0.01 is statistically significant
a Comparison was made between a haplotype and remaining haplotypes pooled in a group
b Comparison was made between a haplotype and a reference haplotype
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Each associated SNP obeyed the Hardy–Weinberg equilibrium and a dominant

model of inheritance, with minor allele confirming the risk and relative risk of allele

was in the range of 3.41–3.91 OR (95% CI[1). Again in each associated SNP the

OR of rare homozygous genotype was much higher than heterozygous genotype and

may be contributing to risk of rare allele when present in two copies in an

individual. In support of this fact, a dominant model of inheritance in all associated

SNPs conclude that homozygous for rare alleles are more susceptible to diabetes

than homozygous of wild-type alleles and that the single copy of risk allele is

sufficient for producing the disease pathogenesis.

A common feature observed in the present study was the excess of the major

allele among the patients with T2DM (Table 4). This is intriguing considering the

well-defined and important role of these genes in the maintenance of cellular

homeostasis (Tiwari et al. 2009).

One of the drawbacks of the present investigation is that the lower power

(0.6–0.7) in control groups than a larger power of diseased population (0.8–0.9).

Statistical power is a function of the proportion of variation in exposure variable

(genetic predictor) and the true causal association between exposure and outcome

variable. Since the limitation of power may affect the results of association,

different parametric tests such as t test and ANOVA and non-parametric Kruskal–

Wallis test were conducted between case and control and in cases only, to assess the

genotypic dependence of clinical parameters. All of the clinical parameters at first

were log transformed to normalize the data and subjected to Pearson correlation test.

Significant correlation was observed between BMI baseline and fasting sugar level

baseline and endpoint data, between fasting sugar and PP sugar level among

diabetic populations. The correlated parameters were then linearly regressed to

nullify the probable impact of the factor that was found to be correlated. The

residuals of each specific parameter was analyzed for association study. High level

of fasting and PP sugar level, and lower HbA1C level in cases gave more consistent

insights of association with disease stress. The non-parametric asymptomatic

significance of mean differences in HbA1c level observed between different

genotypic comparisons in case of SOD1 A[G (Ala9Val, rs2070424), PON2

(rs6954345 G[C), and RAGE rs1800624 T[A SNPs (Table 5) clearly demonstrates

the genetic dependence of HbA1C level. The lower glycated hemoglobin contents in

risk genotypes is supported by a recent study which hypothesized that substitution

of fat for carbohydrate is associated with low concentrations of HbA1c in high

calorie consuming type 2 diabetic patients (Shadman et al. 2013). The residuals of

all the correlated parameters also revealed marginal differences in 11 versus 12

genotypes of PON1 A[G (rs854573) SNP (Table 6) in non-parametric tests.

Therefore, the non-parametric Kruskal–Wallis test was found to be more supportive

to explore the genotypic dependence of clinical parameters.

In haplotype analysis, the A-allele was coded by 0 and the G-allele by 1 for

PON1, A[G (rs854573) SNP and the G-allele was coded by 0, and the C-allele by 2

for PON2 (rs6954345 G[C) SNP. A total of four haplotypes (00, 01, 10, 11) were

observed in the patients and control samples with 00 as most common and reference

haplotype (Table 7). The other three were considered as risk haplotypes. Haplotype

11 represented a greater odds ratio than two other haplotypes, when compared both
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with a single reference haplotype as well as against all other haplotypes pooled as

single reference haplotype. The risk haplotype explored population characteristics

in response to two linked markers with increased risk of GC haplotype.

We can conclude the oxidative stress to be an important controller in developing

complications in type 2 diabetes subjects. The carriers of non-mutated and efficient

alleles of oxidative stress-related genes are more likely to survive the comorbid

complications and these alleles may be disease protective. The present study of 11

polymorphisms in 9 different genes identified 5 loci significantly associated with

diabetic phenotypes in eastern Indian population. The genotype-based association of

different clinical parameters such as BMI, fasting blood sugar level, HbA1C,

revealed the metabolic nature of disease both in parametric and non-parametric

manners. The outcome of the present study also indicates importance for further

analysis of the risk associated genes, in the light of pharmacogenetic approach.
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