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Abstract

Introduction: Oxidative stress plays an essential role in the pathogenesis of type 2 diabetes mellitus (T2DM). An antioxidant 
enzyme superoxide dismutase 1 (SOD1) dissociates free superoxide radicals and provides protection against oxidative damage. 
The aim of this study was to investigate the role of promotor region 50 bp Indel SOD1 polymorphism with the pathogenesis of 
type 2 diabetic mellitus among Pakistani population. 
Materials and Methods: This was a case-control study comprised of n=359 subjects, divided into n=178 type 2 diabetic 
patients and n=181 controls. Screening of SOD1 promotor 50 bp Indel polymorphism was carried out by conventional 
polymerase chain reaction (PCR). Statistical interpretations were done by software SPSS® version 20.0 and SNPStats©. 
Results: Genotype distribution pattern of SOD1 polymorphism indicated that homozygous mutant D/D genotype frequency 
was two folds reduced in T2DM (0.01) in comparison to controls population (0.02). Heterozygous I/D genotype frequency 
was higher in T2DM subjects (0.22) as compared to controls (0.17). An insignificant association of SOD1 polymorphism was 
detected with predisposition of T2DM (OR=1.14, Fisher’s exact=2.0, p=0.325). Genetic analysis further revealed that dominant 
model showed significant association against the pathogenicity of disease (OR=0.45, p<0.05).
Conclusion: SOD1 50 bp Indel polymorphism inferred no significant association with susceptibility of type 2 diabetes mellitus 
in Pakistan. However, a significant contribution of dominant SOD1 genotype was evident in a defensive response against the 
risk for type 2 diabetes mellitus
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Introduction

Type 2 diabetes mellitus is one of the most prevalent 
and complicated metabolic disorders that occurs due to 
a defective mechanism of insulin secretion [1]. According 
to the international diabetes federation (IDF) atlas 2019, 
the incidence of diabetes mellitus is approximately 463 
million, which may rise up to 700 million worldwide by 
2045. In addition, the prevalence of type 2 diabetes mellitus 
is around 19.9% in Pakistan [2]. Studies related to oxidative 
stress in diabetes are becoming a focus of attention [3,4]. 
SOD1, an antioxidant enzyme gene translates the superoxide 
dismutase1 enzyme in the cytoplasm that requires cofactors 
of copper and zinc ions for its efficient function in the cell [5]. 
SOD1 enzyme is a crucial antioxidant enzyme that identifies 
free superoxide radicals and elicits an immediate defense 
that causes deterioration of superoxide into a less toxic form 
(H2O2). Hydrogen peroxide molecule further metabolizes by 
the combined action of catalase and glutathione peroxidase 
into the water and molecular oxygen [6]. The activity of 
the SOD1 enzyme accounts for about 50-80% of the total 
SOD activity in a cell [7]. Thus, SOD1 serves as a major 
enzyme that plays a crucial role in the first line of defense 
mechanism inside the cells. An imbalance in the production 
of antioxidants and free radicals leads to develop oxidative 
stress which induces the production of many multifactorial 
complex traits [8]. In patients suffering from type 2 diabetes, 
several genetic variations have been identified in antioxidant 
enzyme genes emphasizing its possible risk associated with 
variable results in different geographic populations [9-11]. 

On chromosome 21q22.11 antioxidant enzyme SOD1 
gene, contains a total of 5 exons with 9.3 Kb size (Entrez 
Gene ID 6647). SOD1 enzyme encoded by this gene is a 
homodimer structured protein of 32kDa size (UniProt KB - 
P00441 SODC_HUMAN). SOD1 indel polymorphism located 
in the promotor of SOD1 gene 1684bp upstream of the 
ATG start codon has been associated with reduced SOD1 
activity in many diseases [5,12-15]. SOD1 variant of 50 bp 
deletion has not been studied extensively in patients of type 
2 diabetes. Hence, the objective of this study was to examine 
the association of 50 bp deletion in SOD1 gene promotor 
region with type 2 diabetes mellitus.

Materials and Methods

Study Design and Ethical Approval

It was a case-control study comprised of n=359 subjects 
divided into n=178 patients of type 2 diabetes (T2DM) and 
n=181 controls enrolled from of Baqai Institute of Diabetology 
and Endocrinology (BIDE), Karachi, Pakistan from January 
to May, 2020. Clinical diagnosis of type 2 diabetic patients 
was done in accordance with standard criteria of the World 

Health Organization. 

Screening of Participants

Patients diagnosed with type 2 diabetes (Age 40-65years, 
HbA1c > 6.5% or 48mmol/mol, no signs of complication) were 
included for screening of SOD1 50 bp Indel polymorphism. 
Patients with diabetic complications, less than 5 years of 
duration and age >65 years were excluded from the study. 
Written informed consent was obtained for the assurance of 
volunteer participation in accordance with the Declaration 
of Helsinki guidelines. 

Sample Collection 

Blood samples of 2ml were collected in EDTA vacutainers 
for the screening of genomic polymorphism and 2ml in gel 
vacutainers for the assessment of serum lipid parameters. 
While, 2ml blood was collected in fluoride vacutainers for 
glucose estimations from all subjects. Baseline data was 
also collected from each study participant in a pre-designed 
questionnaire for recording the demographic data. The 
research study was approved by the Institutional Ethical 
Committee of The Karachi Institute of Biotechnology and 
Genetic Engineering (KIBGE), the University of Karachi [Ref 
No. KIBGE/ICE/080/2016].

DNA Isolation 

Blood samples were processed for DNA isolation 
by following the standard protocol of salting-out [16]. 
Concentration and purity of isolated DNA samples were 
interpreted by Nanodrop (IMPLEN NanoPhotometer®, 
Germany). 

Genotyping of SOD1 Polymorphism

Genotyping of SOD1 50 bp Indel genetic variant 
was carried out by conventional polymerase chain 
reaction (PCR) using the set of forward and reverse 
primers: 5’- AATTCCTTACCCCTGTTCTA-3’ and 
5’-GGCAGATTTCAGTTCATTGT-3’ respectively [15]. Following 
are the optimized PCR conditions of the polymorphism: 
a total per reaction volume of 25 µl was prepared which 
contains 1µl of 0.5mM forward and reverse primers, 2 µl of 
150ng genomic DNA, 8 µl of Thermo Scientific Dream Taq 
Green PCR Master Mix (2X) and 8 µl of nuclease-free water. 
Thermal cycler (T100 Bio-Rad®, California, USA) was used 
for the screening of SOD1 indel polymorphism with following 
PCR conditions: initiation at 94°C for 5 minutes followed by 
35 cycles of denaturation at 95°C for 60 seconds, annealing 
of 45 seconds at 61°C and extension of 45 seconds at 72°C 
then for 7 minutes for the final extension. PCR products of 
297 and 247 bp fragments for the insertion (I) and deletion 
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(D) alleles were analyzed by their appropriate separation on 
2% agarose gel in electrophoresis unit (Bio-Rad®, California, 
USA). Bands were visualized on gel documentation system 
FastGene® FAS V, Nippon genetics Germany (Figure 1).

Figure 1: Genotypes of SOD1 50bp Indel polymorphism in 
diabetic patients and healthy individuals. Lane 1 showed 
100bp DNA marker, lane 1,5 showed heterozygous I/D 
genotype, lane 2-4,7-12,14 showed homozygous wildtype 
I/I genotype and lane 6,13 represented homozygous 
mutant D/D genotype.

Statistical Analysis 

SPSS version 20.0 was used for analysis of experimental 
data. Cases and controls were age and gender matched. 
Independent sample t-test was performed to compare 
the baseline and clinical variables between two groups 
represented as mean ± standard error of the mean (SEM) 
in Table 1. Fisher’s exact test was performed to assess the 
association of genotype frequencies with the pathogenesis of 
type 2 diabetes. Hardy Weinberg Equilibrium (HWE) was also 
tested in both groups. Risk ratio of type 2 diabetes mellitus 

with incidence of SOD1 50 bp Indel polymorphism was 
estimated by odds ratio (OR) with 95% confidence interval 
(CI). Genetic models were assessed by SNPStats© online 
software to interpret the distribution of SOD1 genotypes 
in dominant, recessive, co-dominant, and over dominant 
states [17]. The relationship of clinical parameters was also 
investigated with distinctive patterns of SOD1 genotypes 
using logistic regression statistics in SPSS. P-value of <0.05 
was used to depict the statistical significance.

Results

Baseline and Clinical Estimations

Age and sex-matched data were used for the analysis. 
SOD1 50bp Indel variant showed no significant deviation 
under Hardy Weinberg Equilibrium (HWE) in the control 
group (p=0.25). Baseline principle characteristics and 
clinical data of n=178 type 2 diabetes mellitus subjects and 
n=178 controls were compared in Table 1. Study revealed 
that systolic blood pressure  (SBP) and diastolic blood 
pressure (DBP) were significantly higher in type 2 diabetic 
group. Body mass index (BMI) showed slight deviation 
and depicted no significant difference between the groups. 
Higher levels of Fasting blood glucose (FBG), random blood 
glucose (RBG), low-density lipoproteins (LDL) cholesterol, 
high-density lipoproteins (HDL) cholesterol, total 
cholesterol (TC) levels, and glycated hemoglobin HbA1c in 
type 2 diabetic subjects demonstrated significant association 
with higher susceptibility of disease in comparison control 
group (p<0.001). However, triglyceride (TG) levels in the 
lipid profile showed no significant difference between the 
diseased and controls.

Parameters T2DM Controls p value
No of patients n= 178 n= 178 -

Age (years) 58.0 ± 7.10 51.0 ± 3.21 0.45
BMI (kg m-2) 26.7 ± 0.49 27.9 ± 0.30 0.21
SBP (mmHg) 126.7 ± 0.73 133.6 ± 1.17 0.00***
DBP (mmHg) 87.4 ± 0.46 74.3 ± 0.79 0.00***
FBG (mg dl-1) 167.3 ± 2.56 91.7 ± 0.77 0.00***
RBG (mg dl-1) 290.3 ± 8.34 117.3 ± 1.44 0.00***
LDL (mg dl-1) 136.2 ± 2.58 98.64 ± 1.20 0.01**
HDL (mg dl-1) 37.28 ± 0.71 52.05 ± 0.47 0.00***
TG (mg dl-1) 160.68 ± 7.72 154.53 ± 1.12 0.99
TC (mg dl-1) 187.56 ± 2.64 121.17 ± 1.59 0.00***
HbA1c (%) 9.28 ± 0.12 5.38 ± 0.06 0.00***

Mean ± standard deviation (SD), ** p< 0.01, *** p< 0.001.
Table 1: Assessment of baseline data and clinical profile between T2DM and controls.
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Association Analysis of SOD1 Genotypes

The association analysis of SOD1 50 bp Indel 
polymorphism with type 2 diabetes among n=178 diabetic 
subjects and n=181 controls was represented in Table 2. 
No statistical significance was observed in the comparison 
of genotypic and allelic distribution of SOD1 50 bp Indel 
polymorphism between cases and controls. Higher frequency 
of I/I (0.77) and I/D genotype (0.22) was observed in type 

2 diabetic group. This study reflected a weak insignificant 
association of SOD1 50 bp Indel polymorphism to the 
susceptibility of type 2 diabetes (OR=1.14 & 95% CI= 0.59-
2.2, Fisher’s exact=2.0, p=0.325). Strength of association 
with alleles tested by odds ratio demonstrated that the risk 
of type 2 diabetes mellitus was 1.14 folds higher with the 
presence of mutant allele D. However, the risk ratio was not 
supported by statistical significance. 

Genotypes (n=359) T2DM (n=178) Controls (n=181) Fisher’s Exact Test
I/I 137 (0.77) 146 (0.81) 2.0
I/D 40 (0.22) 32 (0.17) p=0.32
D/D 1 (0.01) 3 (0.02)

Alleles (n=718) T2DM (n=356) Controls (n=362) OR (95% C.I.)
I 314 (0.88) 324 (0.90) 1.14 (0.59-2.21)
D 42 (0.12) 38 (0.10) p=0.69

p<0.05, OR=odds ratio, C.I.= confidence interval, HWE =0.25 (controls), OR<1.0 protective, OR>1.0 risk. 
Table 2: Frequencies of SOD1 50 bp Indel polymorphism and their association with T2DM. 

Genetic Models of SOD1 Polymorphism

Four genetic models established to investigate their 
relationship with the progression of disease were also 
illustrated in Table 3. Dominant (OR=0.45) and over 
dominant models (OR=0.43) showed a significant association 
with a defensive response against the pathogenicity of 

type 2 diabetes (p<0.05). The recessive model showed an 
insignificant role in the formation of risk for type 2 diabetes 
(OR=0.98). Co-dominant model described no significant 
association with higher disease susceptibility. Above 
outcomes suggested that the D allele might confer a risk 
effect and I allele pronounced a protective effect for type 2 
diabetes mellitus. 

Genetic Models Genotypes OR (95% CI) p value

Codominant
I/I 1.00 Ref
I/D 0.43 (0.19-0.96) 0.11
D/D 0.81 (0.06-11.83)

Dominant
I/I 1.00 Ref

I/D-D/D 0.45 (0.21-0.98) 0.042*

Recessive
I/I-I/D 1.00 Ref

D/D 0.97 (0.07-13.90) 0.98

Over dominant
I/I-D/D 1.00 Ref

I/D 0.43 (0.20-0.96) 0.037*

Four hypothetical models of genotypes, Ref: reference value, *p<0.05, OR=odds ratio, 95% C.I.=confidence interval, OR<1.0 
protective, OR>1.0 risk. 
Table 3: Role of genetic models of SOD1 50 bp Indel polymorphism in developing the risk for T2DM. 

Clinical Associations with SOD1 Genotypes 

Relationship of clinical profile with genotypes of 
SOD1 polymorphism was analysed by regression analysis 
described in Table 4. Statistical odds ratio estimated 
between T2DM and control groups was used for testing the 

impact of clinical profile on the genotypes of SOD1 Indel 
polymorphism. Significant association of BMI (p<0.05), 
LDL (p<0.05), HDL (p<0.001), TC (p<0.01), FBG, RBG, and 
HbA1c (p<0.001) was observed with wild type I/I genotype 
of SOD1 polymorphism. Furthermore, BMI, SBP (p<0.05), 
FBG, RBG, and HbA1c (p<0.001) parameters demonstrated 
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significantly higher levels in the carriers of heterozygous I/D 
genotype. Clinical parameters showed significant association 
in mutant D/D genotype with respect to the susceptibility of 
T2DM. The higher HbA1c levels in T2DM patients of wild-

type homozygous and heterozygous genotypes of SOD1 
polymorphism reflected the presence of a significant strong 
association with the pathogenicity of T2DM.

Parameters Groups SOD1
 I/I Genotype

SOD1
 I/D Genotype

SOD1 
D/D Genotype

BMI kg m-2 OR (95%CI)
p value

1.02 (1.08-1.44)
p<0.05*

1.0 (0.39-0.84)
p<0.05*

1.11 (1.05-1.16)
p=0.29

SBP mmHg OR (95%CI)
p value

0.97 (0.29-0.98)
p=0.77

1.0 (1.05-1.01)
p<0.05*

0.99 (0.47-0.99)
p=0.45

DBP mmHg OR (95%CI)
p value

0.98 (1.02-1.17)
p=0.44

0.92 (0.15-0.60)
p=0.65

0.98 (0.88-0.97)
p=0.32

LDL mg dl-1 OR (95%CI)
p value

1.00 (0.90-1.12)
p<0.05*

0.99 (1.06 × 0.87)
p=0.51

0.96 (0.32-0.36)
p=0.31

HDL mg dl-1 OR (95%CI)
p value

0.88 (0.01-1.14)
p<0.001***

0.96 (0.08-1.44)
p=0.78

1.01 (1.0-1.14)
p=0.99

TG mg dl-1 OR (95%CI)
p value

1.00 (0.12-1.27)
p=0.66

0.99 (0.10-1.87)
p=0.43

0.99 (0.13-1.07)
p=0.06

TC mg dl-1 OR (95%CI)
p value

0.99 (0.44-1.96)
p<0.01**

1.01 (0.12-1.11)
p=0.08

1.03 (0.24-1.06)
p=0.12

FBG mg dl-1 OR (95%CI)
p value

1.06 (0.29-1.82)
p<0.001***

1.04 (0.19-1.17)
p<0.001***

1.00 (0.22-1.94)
p=0.57

RBG mg dl-1 OR (95%CI)
p value

1.01 (0.10-1.12)
p<0.001***

1.01 (0.92-1.33)
p<0.001***

1.00 (0.88-1.02)
p=0.09

HbA1c % OR (95%CI)
p value

1.79 (0.11-1.14)
p<0.001***

1.42 (0.16-1.08)
p<0.001***

1.00 (0.01-1.11)
p=0.11

OR=odds ratio, 95% confidence interval, *p < 0.05, **p< 0.01, ***p< 0.001.
Table 4: Clinical profile relationship with genotypes of SOD1 50 bp Indel polymorphism.

Discussion 

This study presented the data of SOD1 50bp Indel 
polymorphism in association with T2DM disease. Findings 
suggested an insignificant association with higher 
susceptibility of type 2 diabetes mellitus (T2DM) in a local 
population. However, this polymorphism of SOD1 50 bp 
deletion has previously been investigated in several studies 
which link its association with the risk of multiple diseases 
such as sporadic amyotrophic lateral sclerosis, cardiovascular 
disorder, heroin dependency, and type 1 bipolar disorder 
[18,13-15]. Earlier studies revealed that among the 
heterozygous population, the D allele played a vital role in 
reducing the expression level of the SOD1 enzyme up to 33% 
[12]. It has been reported that the D allele is also involved in 
the reduction of SOD1 enzyme activity [19]. As an antioxidant 
enzyme, SOD1 plays a crucial role in the etiology of various 
complicated disorders which show a direct or indirect 
association with the development of oxidative stress [20-23]. 
This 50 bp Indel polymorphism was known to be involved in 

the down-regulation of SOD1 activity which in turn reduces 
the detoxification of reactive oxygen species (ROS) [24]. 
Thus, the integrity of the whole-genome withstands because 
of inter-individual differences which develop due to the 
interaction of DNA with ROS [15]. The presence of high ROS 
levels is responsible to develop oxidative stress, which was 
recognized to play a significant role in the pathophysiology 
of diabetes mellitus [25]. 

In the present study, dominant and over dominant 
states of SOD1 50 bp polymorphism may develops risk effect 
with the pathogenicity of type 2 diabetes mellitus (Table 
2). Present analysis of SOD1 polymorphism recommended 
that the SOD1 I/D genotype was more prevalent in type 2 
diabetes patients and wild type I/I genotype was frequent 
in controls population. A study conducted in 2014, reported 
that among two genotypes (I/D, D/D) of SOD1 50 bp Indel 
polymorphism, D allele conferred a higher effect of risk 
with enhanced susceptibility of cardiovascular disorder 
(CVD) in the south-east Iranian population [13]. No 
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significant association between the genetic variant of 50 bp 
deletion in the promotor of SOD1 locus with the phenotype 
of sporadic amyotrophic lateral sclerosis (SALS) was 
identified. Nonetheless, outcomes revealed an association 
of female SALS subjects with the wild-type homozygosity 
[18]. In another study, heterozygous I/D genotype showed 
insignificant association with the risk factor of heroin 
dependency. Furthermore, the study reflected a negative 
impact on the mRNA level [15]. Though, SOD1 mutation was 
also reported in association with a psychiatric illness of type1 
bipolar disorder in the Iranian population. Data revealed 
no signs of a positive relationship with disease risk, but it 
showed a significant association with the age of type1 bipolar 
disorder patients at the time of diagnosis [14]. Genotypes of 
I/D and D/D of SOD1 50 bp polymorphism were reported to 
be more frequent in CVD patients with a positive history of 
hypertension [13]. In diabetes mellitus, obesity, and kidney 
disorders activity of SOD1 was found to be increased in the 
presence of hypertension [26-28].

In the present research, statistical analysis inferred 
that SOD1 50 bp Indel polymorphism was associated with 
dominant and over dominant genotypic models. Thus, it 
suggested the involvement of the D allele in the dominant 
state in developing the protection against the pathogenicity of 
T2DM (Table 3). The present analysis of SOD1 polymorphism 
recommended that the SOD1 I/D genotype was more 
prevalent in T2DM patients, whereas the controls carried 
wild type I/I genotype in most of their population. Though, 
the results are not supported by statistical significance. 
Besides that, the frequency of D/D genotype was found to be 
very low in the disease group (1 out of 178 patients). But it 
is important to know that the frequency of the D allele was 
higher in cases than controls, due to the higher prevalence 
of the I/D genotype in T2DM patients. The clinical profile 
was also analyzed in this study, which revealed a significant 
association of glycated hemoglobin levels with T2DM in the 
carriers of I/I and I/D genotypes (Table 4). This limitation 
could be overcome by considering that the ethnicity of 
every population plays a major role in the distribution of 
genotypes. Distribution could be altered from population to 
population and the number of participants included in the 
research. Statistical outcomes of the study can be improved 
by increasing the sample size of study groups. Furthermore, 
mRNA and protein expression of SOD1 associated with 
SOD1 50 bp indel polymorphism would be beneficial and 
will give the insight to understand the association of indel 
polymorphism with type 2 diabetes mellitus. Restricted 
sample size and insignificant distribution of alleles in 
comparison with other population are the considered as the 
limitations of this study. However, a dominant state of this 
polymorphism regarded as a significant biomarker to predict 
the susceptibility of the disease considered as the potential 

strength of this study.

Conclusion

Comprehensive analysis of antioxidant enzyme SOD1 
gene 50bp Indel polymorphism may assist to identify the 
potential genetic biomarkers for the type 2 diabetes mellitus. 
Our study revealed the genetic distribution pattern of this 
polymorphism and estimated the risk associated with the 
susceptibility of type 2 diabetes mellitus. Dominant I/I 
genotype of SOD1 50 bp Indel polymorphism inferred a 
protective role against the pathogenesis of T2DM. Current 
research has provided the data regarding the genotypic 
distribution of this polymorphism among the Pakistani 
population. In future, expressional variability data in 
association with SOD1 50 bp indel polymorphism could be 
explored to give a better insight in pathophysiology of type 
2 diabetes mellitus.
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