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Abstract
Aims  Cataract formation is accelerated by hyperglycemia due to the excessive production of oxidative stress. This study 
aimed to examine the underlaying role of glutathione peroxidase 1 (GPX1) rs1800668, catalase (CAT​) rs1001179 and super-
oxide dismutase 1 (SOD1) 50 bp Indel promotor region variants in the pathogenesis of cataract in patients with diabetes.
Methods  A population-based case-control study of n=680 individuals was conducted which comprised of four respective 
groups: type 2 diabetes mellitus, diabetic cataract, senile cataract patients and controls. Screening of genotypes was performed 
by allele-specific (AS) and conventional polymerase chain reaction (PCR). Statistical testing was carried out using SPSS© 
20.0, MedCal© and SNPStats© software’s. Bioinformatics analysis of linkage disequilibrium was done by HaploView© 
software 7.0.
Results  GPX1 (rs1800668) showed significant association with higher susceptibility of opacification in type 2 diabetes melli-
tus (χ2=23.0, Adjusted OR=1.63, 95% CI: 1.05–2.49, p<0.001). A protective role was anticipated by CAT​ variant (rs1001179) 
for the development of resistance against the pathogenicity of cataract with diabetes (χ2 = 107, Adjusted OR=0.17, 95% 
CI: 0.10–0.29, p<0.001). Linkage disequilibrium (LD) plot of GPX1 and CAT​ variants revealed that CTC-CTT haplotypes 
demonstrated the presence of linkage (Dʹ=1.0) and co-inheritance (LOD=13.84) in patients of diabetic cataract.
Conclusions  GPX1 (rs1800668) variant may serve as an antioxidant biomarker for the assessment of risk for cataract in 
type 2 diabetes mellitus. GPX1 enzyme owed an antioxidant activity which can reduce the oxidative stress and hence could 
develop resistance in cataractogenesis. The findings could be beneficial as a potential target to the future pharmacogenomic 
studies of cataract prevention and eradication in diabetes mellitus.
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Introduction

Cataract develops with the process of aging and considered 
as a secondary complication of diabetes mellitus and a lead-
ing cause of blindness. [1]. Global prevalence of cataract is 
51% in accordance to World Health Organization (WHO), 
also confirmed by Global Burden of Eye Diseases among all 
types of blindness [2, 3]. Type 2 diabetes mellitus (T2DM) 
is one of the chronic metabolic syndromes that eventually 
damages vital organs such as human eye, kidneys and others 

[4]. Diabetic cataract is considered as the most prevalent sec-
ondary cause of T2DM and accounts for 66% of blindness 
in diagnosed patients [5]. The excessive accumulation of 
glucose and its impaired metabolism leads to activate several 
alternative pathways that reacts with macromolecules and 
change their normal structure and conformation in human 
eye such as glycation, oxidative stress, sorbitol accumula-
tion and the subsequent formation of advanced glycation 
end products (AGES) [6]. Due to the activation of these 
pathways, cataractogenesis becomes accelerated up to three 
folds in T2DM condition [7]. Excess glucose enters into the 
insulin independent tissues for its metabolism which induces 
the production of free radicals and led to the formation of 
oxidative stress [8]. Mechanism of cataract pathogenesis is 
suggested to be modulated by the development of higher 
oxidative stress in patients with diabetes. Presence of high 
oxidative stress impaired the efficacy of body’s antioxidant 
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scavenging system [9]. Primary antioxidant enzyme system 
is comprised of superoxide dismutase 1 (SOD1), glutathione 
peroxidase 1 (GPX1) and catalase (CAT) that collectively 
works together for neutralizing the toxicity of reactive oxy-
gen species in oxidative stress. Genetic variations in these 
crucial enzymes might disturb their normal activity which 
could enhance the risk of disease severity and affects the 
vital organs [10].

SOD1 is a primary antioxidant enzyme that diffuses free 
superoxide radicals. Its gene is localized on 21q22.11 chro-
mosomal position and comprised of 5 exons [11]. While, the 
antioxidant enzymes CAT and GPX1 functions in a same 
way by metabolizing the noxious molecules into nontoxic 
form. High content of CAT enzyme is found in cytoplasm 
and GPX1 enzyme in peroxisome [12]. CAT​ gene contain 13 
exons and positioned on 11p13 chromosome [13], whereas 
GPX1 gene includes only 2 exons and reported to be local-
ized on 3p21.31 position [14].

Present study targets the promotor region variants rec-
ognized in three enzymes which are involved in first line of 
defense that might affects their regulatory transcriptional 
mechanisms. In SOD1 gene, 50bp deletion was observed 
in promotor sequence at 1684 bp upstream of ATG start 
codon. Binding site of proximal specificity protein-1 (Sp1) 
becomes effected by the occurrence of this 50 bp deletion in 
SOD1 gene [15]. Moreover, a substitution of C to T at -262 
position of CAT​ promotor region (rs1001179) located near 
initiator transcription site may affects the enzyme activity 
[16]. While, the C/T polymorphism of GPX1 (rs1800668) 
promotor sequence located in 5ʹ-untranslated region (UTR) 
may cause hindrance in GPX1 normal functioning [17]. 
Role of these genetic variations in pathogenicity of oxidative 
stress induced cataractogenesis in diabetes mellitus is still 
obscure. Therefore, current study aims to explore the three 
primary antioxidant enzyme genetic variants of promotor 
region in association with the pathogenicity of cataract in 
T2DM patients of Pakistan.

Materials and methods

Ethical approval and study design

The study was conducted in between the duration of Janu-
ary 2018 to November 2019. In accordance with the guide-
lines of Helsinki Declaration, the Institutional Ethical Com-
mittee of Karachi Institute of Biotechnology and Genetic 
Engineering (KIBGE), University of Karachi permitted this 
research project dated on April 19, 2016 (Ref No. KIBGE/
ICE/080/2016). It was a case-control study comprised of 
overall n = 680 study participants divided into four study 
groups according to the stringent study criteria: type 2 diabe-
tes mellitus (T2DM), diabetic cataract (DC), senile cataract 

(SC) and controls (CL). Each group contains equal number 
of n =170 subjects. Study participants were selected from 
the outpatient department (OPD) of following two tertiary 
care hospitals: Baqai Institute of Diabetology and Endocri-
nology (BIDE) Hospital Nazimabad, Karachi, Pakistan and 
Prevention of Blindness (POB) Eye Hospital, Gulistan-e-
Johar Karachi, Pakistan in distinctive periods. All the sub-
jects have given their informed consent for volunteer par-
ticipation in this study.

Selection criteria and sample collection

The selection of participants in four study groups was made 
by following the inclusion and exclusion criteria. History of 
patient with diabetes was recruited through online database 
of the relevant hospitals. Confirmation of diabetes was done 
by standard glycemic parameters: fasting blood glucose, ran-
dom blood glucose and glycated hemoglobin (HbA1c) lev-
els. After that, presence or absence of cataract formation was 
assessed by standard measures: slit lamp bio-microscopy, 
complete retinal examination and visual acuity in a free eye 
examination. Age of all the subjects was ranged between 45 
to 65 years as aging was a crucial phenomenon associated 
with the pathogenesis of cataract considered in this study. 
Type 2 diabetes mellitus (T2DM) patients had more than 
five years of onset history, and showed no sign of cataract 
in eye examination. Diabetic cataract (DC) patients also had 
greater than five years of duration, and showed presence of 
cataract formation in either eye lens confirmed by standard 
screening. Senile cataract (SC) patients showed the pres-
ence of cataract in their lens via examination of eye with no 
diagnosis and history of type 2 diabetes mellitus confirmed 
by glycemic screening. Control (CL) subjects demonstrated 
neither diagnosis of type 2 diabetes mellitus nor carry any 
history of cataract confirmed by standard measures. Age 
and gender matched controls were recruited to justify the 
hypothesis of this study which was focused on the role of 
genetic variations in the progression of cataract with aging 
and diabetes. It is suggested that in hyperglycemic condi-
tion, the progression of cataract is accelerated which might 
be associated due to the presence of genetic markers that 
enhances the glycation of lens protein and develops opac-
ity earlier than senility. Nevertheless, patients with any 
endocrine disorder, congenital cataract, traumatic cataract, 
eye infection or ocular diseases, pregnancy, mental retarda-
tion, diabetic microvascular and macrovascular complica-
tions, type 1 diabetes, gestational diabetes, comorbidities, 
use of steroid medications were excluded from the study. 
Approximately 5ml blood sample drawn from the cephalic 
vein of each participant using 5cc syringe and transferred 
in EDTA and fluoride vacutainers which were cautiously 
stored at – 80 °C until examinations. EDTA vacutainers were 
used for the genetic testing and glycosylated hemoglobin 
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(HbA1c) analysis. While, fluoride vacutainers were used for 
glucose estimations. The information of clinical parameters 
was recruited from the laboratory of BIDE hospital. While, 
demographic data were collected from the study participants 
on their follow-up visits. Furthermore, all the genetic analy-
sis was done in the laboratory of Karachi Institute of Bio-
technology and Genetic Engineering (KIBGE), University 
of Karachi.

Genotyping of SOD1 50 bp Indel variant

DNA extraction was carried out by subsequent standard pro-
tocol of salting out [18]. The quantifications of DNA yield 
and purity was assessed by Nanodrop (IMPLEN NanoPho-
tometer®, Germany), whereas quality check analysis was 
made by gel electrophoresis. Genetic variant of SOD1 was 
genotyped by conventional polymerase chain reaction (PCR) 
using a set of primer forward [F] AAT​TCC​TTA​CCC​CTG​
TTC​TA and primer reverse [R] GGC​AGA​TTT​CAG​TTC​
ATT​GT [19]. SOD1 50 bp deletion was situated on the 1684 
bp upstream location of ATG in the regulatory transcrip-
tional region of promotor. Amplification and genotyping was 
performed using the optimized concentrations of PCR rea-
gents: Total 20 µl of 1X reaction mixture consist of 1 µl of 
0.5 mM forward and 0.5 mM of reverse primers, 2 µl of 50 
ng genomic DNA, 8 µl of 2X Thermo Scientific Green PCR 
Master Mix TM and nuclease free water of 8 µl was used. 
The PCR reactions took place in 30 cycles in Thermal cycler 
(T100 Bio-Rad®, California, USA) at optimized program 
condition comprised of following: 94 °C incubation carried 
out for 5 min on initiation, then 94 °C incubation was given 
for 30 sec on denaturation, leading to 58 °C incubation for 
45 sec which undergoes annealing, 72 °C for 45 sec and at 
the ends 72 °C incubation was last for 7 min to complete the 
extension in one reaction of amplification. The genotyping 
of SOD1 variant was performed by detecting the PCR prod-
ucts of 297 bp which indicated the insertion allele and 247 
bp which showed deletion allele resolved on 2% agarose gel 
using ThermoFisher Scientific SYBR Safe DNA gel stain TM 
in Gel Documentation System of FastGene® FAS V, Ger-
many (Supplementary Figure 1).

Genotyping of GPX1 (rs1800668) variant

Screening of GPX1 gene (rs1800668) variant was carried out 
using well-established technique of allele-specific polymer-
ase chain reaction (AS-PCR). Primers used for amplification 
of this variant were comprised of forward [F1] CGC​CTG​
CTG​GCC​TCC​CCT​TAC or [F2] CGC​CTG​CTG​GCC​TCC​
CCT​TAT and reverse set [R] GCA​GGG​AGC​CCA​GGC​TCA​
CAG [20]. Genotyping of C to T substitution at 5ʹ untrans-
lated region of GPX1 gene promotor was done using PCR 
concentrations of 1X reaction: 1 µl of 1 mM forward (F1 or 

F2) and reverse primer, 2 µl of 50 ng genomic DNA, 8 µl of 
2X Thermo Scientific Green PCR Master Mix TM and nucle-
ase free water of 8 µl was utilized for total volume of 20 µl 
for each reaction. PCR program conditions comprised of 30 
cycles of 94 °C incubation for 5 min at initiation step, leads 
to 94 °C incubation for 30 sec at denaturing step, then after 
65 °C incubation for 45 sec at annealing step, extension was 
performed at 72 °C temperature for 45 sec and then for 7 min 
for completing the process of amplification. PCR product of 
170 bp for C or T allele of GPX1 (rs1800668) variant with 
F1 or F2 primer was used for the determination of genotypes 
after visualization on 2 % agarose (Supplementary Figure 2).

Genotyping of CAT​ (rs1001179) variant

Genetic variant (rs1001179) of CAT​ gene was analyzed 
by AS-PCR using the sequence of forward [F1] GCC​CTG​
GGT​TCG​GCT​ATC​ or [F2] GCC​CTG​GGT​TCG​GCT​ATT​ 
and reverse primers [R] GGT​TTG​CTG​TGC​AGA​ACA​CT 
[16]. This genetic variant contains the substitution of C to 
T at − 262 position of CAT​ promotor region. Amplification 
was performed using following concentrations of 1X PCR 
reaction: 1 µl of 0.5 mM of forward (F1 or F2) and reverse 
primers, 1 µl of 50 ng genomic DNA, 8 µl of 2X Thermo 
Scientific Green PCR Master Mix TM and 8 µl of nuclease 
free for 20 µl reaction volume. The 35 cycles were carried 
out at optimized program conditions: temperature of 94 °C 
for 5 min was given initially followed by 94 °C for 30 sec 
for denaturing, 61 °C for 40 sec for appropriate annealing 
of primer sequences, 72 °C for 35 sec and 72 °C for 7 min 
for the complete extension of strands. The 2% agarose gel 
prepared with ThermoFisher Scientific SYBR Safe DNA gel 
stain TM was utilized for resolving the 340 bp PCR product 
representing C or T allele of CAT​ (rs1001179) variant with 
either F1 or F2 primers in duplicate reactions for the pur-
posed of genotyping (Supplementary Figure 3).

Statistical analysis

Statistical package for social sciences (SPSS) version 20.0 
was used for the evaluation of the observed data and trends. 
One-way ANOVA statistics was particularly used for com-
paring the values of clinical parameters among four study 
groups. Allelic and genotypic frequency distribution analy-
sis and Pearson’s Chi square testing was done according to 
the statistics of Hardy–Weinberg equilibrium (HWE). Odds 
Ratio (OR) revealed the strength of association of SOD1, 
GPX1 and CAT​ genetic variants to the susceptibility of dis-
ease by MedCal© statistical online software (version 12.1, 
Mariakerke, Belgium). Hypothetical genetic models were 
calculated to check the best fit model using two-by-two 
contingency as a simplest strategy of estimating an odds 
ratio (OR). Dominant and recessive models elaborated the 
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association with homozygosity and heterozygosity. These 
models were evaluated for the demonstration of explicit 
role associated with genotypes of three targeted variants to 
the susceptibility of disease. Distribution of eight possible 
haplotypes of three genetic variants and their association 
with cataractogenesis were estimated by SNPStats© online 
software [21]. Linkage disequilibrium analysis among the 
CAT​ (rs1001179) variant haplotypes and GPX1 (rs1800668) 
variant haplotypes was done by HaploView© software ver-
sion 7.0 [22] for assessing their pattern in the co-inheritance 
of cataractogenesis in T2DM patients.

Results

All subjects were age and gender matched among four 
groups of this case-control study. Anthropometric and 
baseline parameters included: age, body mass index (BMI), 
systolic and diastolic blood pressure (BP) were compared 
using one-way ANOVA statistics. It was observed that BMI 
(p<0.01) of all subjects included in four study groups was 
found to be significantly different. However, the systolic BP 
(p<0.001) was demonstrated to be significantly higher in 
cataract subjects as compared with others. While, the clini-
cal parameters such as blood glucose estimations: FBG, 

RBG and HbA1c were shown to be significantly higher 
(p<0.001) in T2DM and diabetic cataract groups as com-
pared to controls and senile cataract patients. Hence, the 
representation suggested the existence of significant associa-
tion with patients of diabetes and cataract (Supplementary 
Table 1).

Association of genetic variants

Association of SOD1 50 bp Indel variant was defined with 
T2DM in Table 1. In genotypic distribution, the higher 
prevalence of I/I genotype was indicated in control group 
(0.74) as compared to T2DM patients (0.68) where I/D and 
D/D genotypes were detected in higher ratio among T2DM 
patients. Allelic distributions suggested that mutant D allele 
was observed in higher frequency in the patients of T2DM 
(0.18). The association of mutant D allele with pronounced 
incidence of T2DM was evident but showed no statisti-
cal significance (Adjusted OR=1.32, 95% CI: 0.70–2.4, p 
= 0.30). Genetic models suggested an insignificant effect 
of recessive alleles and its genotypic combinations in the 
development of T2DM risk (Adjusted OR=2.33, 95% CI: 
0.70–7.68, p = 0.15). Furthermore, the association of SOD1 
50 bp Indel variant was also assessed with susceptibility 
of cataract in diabetic group (Table 1). The senile group 

Table 1   Association of SOD1 50 bp Indel variant with T2DM and diabetic cataract groups

*p<0.05, ** p<0.01, ***p<0.001
I allele: wild type, D allele: mutant, OR: adjusted by confounding variables

Genotypes
(n = 340)

T2DM
(n = 170)

Controls
(n = 170)

Chi square
p value

Genetic models
adjusted OR (95% C.I.) p value

Recessive model
[(I/I-I/D) (D/D)]

Dominant model
[(I/I) (I/D-D/D)]

I/I 117 (0.68) 126 (0.74) χ2 = 2.44 2.33 (0.70–7.68) 1.31 (0.81–2.08)
I/D 44 (0.25) 40 (0.23) p = 0.29 p = 0.15 p = 0.28
D/D 9 (0.05) 4 (0.02)
Alleles (n = 680) n = 340 n = 340
I 139 (0.82) 146 (0.86) Adjusted OR = 1.32 

(0.70–2.4) p = 0.30
D 31 (0.18) 24 (0.14)

Genotypes
(n = 340)

Diabetic 
cataract
(n = 170)

Senile 
cataract
(n = 170)

Chi square
p value

Genetic models
adjusted OR (95% C.I.) p value

Recessive model
[(I/I-I/D) (D/D)]

Dominant model
[(I/I) (I/D-D/D)]

I/I 106 (0.62) 116 (0.68) χ2 = 5.80 3.08 (0.82–11.63) 0.75 (0.49–1.20)
I/D 61 (0.36) 45 (0.26) p = 0.05 p = 0.07 p = 0.24
D/D 3 (0.02) 9 (0.05)
Alleles (n = 680) n = 340 n = 340
I 136.5 (0.81) 138.5 (0.80) Adjusted OR = 1.02 

(0.62–1.86) p = 0.78
D 33.5 (0.18) 31.5 (0.19)
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was served as a comparison group. The higher frequency of 
I/D genotype of SOD1 variant showed in diabetic cataract 
group (0.36) as compared to senile cataract group (0.26). A 
significant week association was suggested by chi square 
statistics (χ2= 5.80, p=0.05) but no evidence suggested the 
possible association of this variant with the progression of 
cataract in diabetes (Adjusted OR=1.02, 95% CI: 0.62–1.86, 
p = 0.78). Recessive model indicated that the mutant alleles 
of variant genotypes plays an insignificant role in inducing 
cataract risk in patients with diabetes (Adjusted OR=3.08, 
95% CI: 0.82–11.63, p = 0.07).

The association of GPX1 variant (rs1800668) with sus-
ceptibility of T2DM subjects was represented in Table 2. 
The T/T genotype of GPX1 variant showed that the predomi-
nant distribution in T2DM patients (0.13) in comparison to 
control individuals (0.05). Whereas, C/C genotype of GPX1 
variant exhibit significantly higher ratio in controls (0.24) as 
compared to T2DM patients (0.10). The Chi square analysis 
and odds ratio suggested that T allele of GPX1 variant might 
involve in the manifestation of risk for T2DM (χ2 = 14.1, 
Adjusted OR=1.56, 95% CI: 0.9–2.3, p< 0.05). The patho-
genesis of cataract in diabetes modulated by the probability 
of higher risk ratio of the recessive alleles in disease group 
(Adjusted OR=2.64, 95% CI: 1.19–5.96, p<0.01). GPX1 

variant was also analyzed for association with diabetic cata-
ract group (Table 2). The senile cataract group was used 
for comparison. T/T genotype distribution of GPX1 variant 
was more pronounced in diabetic cataract group. Whereas, 
C/C and C/T genotypes distribution of GPX1 variant was 
significantly found to be elevated in senile cataract group. 
Significant association of GPX1 variant (rs1800668) was 
evident with risk probability of diabetic cataract group (χ2 = 
23.0, p<0.001). However, the mutant T allele of this variant 
may confer a higher likelihood toward the cataract forma-
tion in patients with diabetes (Adjusted OR=1.63, 95% CI: 
1.05–2.49, p<0.05). Hence, our study suggested that reces-
sive alleles of GPX1 variant plays a resistant role toward the 
progression of cataract in diabetes (Adjusted OR = 0.45, 
95% CI: 0.20–0.97, p<0.05).

In the end, association of CAT​ variant (rs1001179) 
was determined with T2DM group (Table 3). Genotypic 
distribution suggested that C/C frequency of CAT​ vari-
ant (rs1001179) was significantly higher in T2DM group 
(0.52) where C/T frequency was found to be higher in con-
trols (0.47). An insignificant association for CAT​ variant 
(rs1001179) was found with the pathogenicity of T2DM 
pathogenicity (Adjusted OR = 1.14, 95% CI: 0.71–1.7, 
p = 0.60). The dominant model suggested that the 

Table 2   Association of GPX1 (rs1800668) variant with T2DM and diabetic cataract groups

*p<0.05, ** p<0.01, ***p<0.001
C allele: wild type, T allele; mutant, OR; adjusted by confounding variables

Genotypes
(n = 340)

T2DM
(n = 170)

Controls
(n = 170)

Chi square
p value

Genetic models
adjusted OR (95% C.I.) p value

Recessive model Dominant model

[(C/C-C/T)(T/T)] [(C/C)(C/T-T/T)]

C/C 18 (0.10) 41 (0.24) χ2 = 14.1 2.64 (1.19–5.96) 2.63 (1.42–4.75)
C/T 130 (0.76) 120 (0.70) p < 0.001*** p < 0.01** p < 0.001***
T/T 22 (0.13) 9 (0.05)
Alleles (n = 680) N = 340 N = 340
C 83 (0.49) 101 (0.60) Adjusted OR. 1.56 (0.9–2.3) 

p < 0.05*
T 87 (0.51) 69 (0.40)

Genotypes
(n = 340)

Diabetic 
cataract
(n = 170)

Senile 
cataract
(n = 170)

Chi square
p value

Genetic models
adjusted OR (95% C.I.) p value

Recessive model
[(C/C-C/T)(T/T)]

Dominant model
[(C/C)(C/T-T/T)]

C/C 15 (0.09) 26 (0.15) χ2 = 23.0 0.45 (0.20–0.97) 0.55 (0.27–1.06)
C/T 114 (0.67) 134 (0.79) p < 0.001*** p < 0.05* p = 0.068
T/T 41 (0.24) 10 (0.06)
Alleles (n = 680) n = 340 n = 340
C 72 (0.42) 93 (0.55) Adjusted OR = 1.63 (1.05–

2.49) p< 0.05*
T 98 (0.57) 77 (0.45)
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susceptibility of T2DM might enhanced by the response 
of dominant genotypes nevertheless fails to be supported 
by statistical significance (Adjusted OR = 1.36, 95% CI: 
0.89–2.08, p = 0.16). Association analysis of CAT​ variant 
(rs1001179) was also tested with diabetic cataract group 
(Table 3). The senile cataract group was served as its com-
parison group. A significantly higher frequency of C/T 
genotype (DC = 0.60 and SC = 0.23) and T/T genotype 
(CC = 0.23 and CT = 0.05) of CAT​ variant (rs1001179) 
was found in diabetic cataract group. Nevertheless, among 
the patients of senile cataract group, the C/C genotype was 
frequently detected in higher probability (SC = 0.71 and 
DC = 0.16) than diabetic cataract group. A significant 
association of CAT​ variant (rs1001179) was defined for the 
risk of diabetic cataract by the statistical analysis of Chi 
square (χ2 = 107, p < 0.001). Though, it was found that 
mutant C allele of CAT​ variant (rs1001179) induces a pro-
tective impact against the progression of cataractogenesis 
in patients with diabetes (Adjusted OR = 0.17, 95% CI: 
0.10–0.29, p < 0.001). Furthermore, both recessive and 
dominant genotypic models indicated defensive response 
against the risk of cataractogenesis in patients with dia-
betes (p < 0.001).

Distribution of Haplotypes

Role of haplotypes and their association with risk probabil-
ity of diabetic cataract and T2DM was indicated in Table 4. 
The CAT​ (rs1001179), GPX1 (rs1800668) and SOD1 (50 bp 
Indel) genetic variants created eight haplotypic combina-
tions. Depiction of risk was indicated by the haplotype CTI, 
TTI and CTD in the pathogenesis of T2DM (OR < 1.0), but 
no statistical significance was observed in comparison to 
controls. While, the haplotype CTD showed a probability 
of insignificant risk with diabetic cataract in comparison to 
senile cataract group (Adjusted OR = 3.60, 95% CI: 95% 
CI: 0.15–0.39, p = 0.26). A significant protective role of 
haplotypes TCI, TCD and TTI was observed against the 
pathogenicity of diabetic cataract (p < 0.01).

Linkage disequilibrium of GPX1 and CAT​ haplotypes

Linkage disequilibrium (LD) plot between haplotypic 
markers of GPX1 (rs1800668) and CAT​ (rs1001179) 
variants was tested by HaploView© software version 7.0. 
The LD plot was established between T2DM and control 
groups (Fig. 1). The analysis indicated that markers 5 and 

Table 3   Association of CAT​ (rs1001179) variant with T2DM and diabetic cataract groups

*p<0.05, ** p<0.01, ***p<0.001
C allele: wild type, T allele; mutant, OR; adjusted by confounding variables

Genotypes (n = 340) T2DM (n = 170) Controls (n = 170) Chi square p value Genetic models Adjusted OR (95% C.I.) p 
value

Recessive model
[(C/C-C/T)(T/T)]

Dominant model
[(C/C)(C/T-T/T)]

C/C 89 (0.52) 76 (0.44) χ2 = 4.0 0.75 (0.37–1.47) 1.36 (0.89–2.08)
C/T 60 (0.35) 80 (0.47) p = 0.13 p = 0.38 p = 0.16
T/T 21 (0.12) 16 (0.09)
Alleles (n = 680) n = 340 n = 340
C 116 (0.68) 119 (0.70) Adjusted OR = 1.14 

(0.71–1.7) p = 0.60
T 56 (0.32) 51 (0.30)

Genotypes (n = 340) Diabetic cataract
(n = 170)

Senile cataract
(n = 170)

Chi square p value Genetic models adjusted OR (95% C.I.) p 
value

Recessive model Dominant model

[(C/C-C/T)(T/T)] [(C/C)(C/T-T/T)]

C/C 28 (0.16) 121 (0.71) χ2 = 107 0.17 (0.08–0.37) 0.09 (0.05–0.13)
C/T 102 (0.60) 40 (0.23) p < 0.001*** p < 0.001*** p < 0.001***
T/T 40 (0.23) 9 (0.05)
Alleles (n = 680) n = 340 n = 340
C 79 (0.46) 141 (0.83) Adjusted OR = 0.17 

(0.10–0.29) p < 
0.001***

T 91 (0.54) 29 (0.17)
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6 collectively depicted the evidence of linkage (coefficient 
of linkage disequilibrium (Dʹ) =1.0) with optimum prob-
ability of co-inheritance among them in T2DM patients 
[likelihood of odds ratio (LOD) score=2.65]. In addition, 
haplotypic marker 7 and 8 also explained the occurrence 
of linkage Dʹ = 1.0 along with co-inheritance in the condi-
tion of T2DM (LOD score = 2.23). The pattern of cata-
ractogenesis in patients with diabetes was also analyzed 
by LD plot (Fig. 2). The senile cataract group was used 
for comparative analysis. This LD plot between two cata-
ract groups revealed one red haploblock which represented 
the combination of haplotypic marker 7 and 8. It states a 
potential linkage with each other in the pathogenicity of 
diabetic cataract (Dʹ = 1.0) and also infer the pattern of 
co-inheritance (LOD score = 13.84). Furthermore, the two 
pink haploblocks depicted that the pair of 4 and 7 mark-
ers (LOD score = 5.58) and 4 and 8 markers (LOD score 
= 24.45) might follows the co-inheritance pattern in the 
development of diabetic cataract risk with no probability 
of linkage (Dʹ < 1.0).

Discussion

Present study suggested the association of GPX1 
(rs1800668) and CAT​ (rs1001179) and SOD1 50 bp Indel 
genetic variants with the formation of cataract risk in type 
2 diabetes. The finding of this study supports the hypoth-
esis that the genetic variations in primary antioxidant 
enzyme genes may modifies the risk of cataract in T2DM 
patients with compromised antioxidant capacity or higher 
oxidative stress.

Significant association of GPX1 variant (rs1800668) 
suggested the higher probability of cataractogenesis in 
the patients of T2DM (p < 0.05). In this polymorphism, 
greater frequency of mutant T allele in disease groups 
infers a higher ratio in the development of risk. A previous 
study suggested that the risk of oxidative stress showed 
no evidence for the existence of significant relationship 
with GPX1 rs1800668 genetic variant [23]. Another study 
conducted on understanding the risk of prostate cancer in 
association with GPX1 rs1800668 polymorphism showed 

Table 4   Distribution of 
haplotypic frequencies with risk 
of T2DM and diabetic cataract

Global haplotype association *p<0.001
OR= adjusted by confounding variables

CAT​ GPX1 SOD1 T2DM Control OR p value DC SC OR p value

C C I 0.355 0.301 1.00 0.23 0.129 0.360 1.00 0.12
C T I 0.261 0.204 1.68 0.14 0.282 0.304 0.43 0.09
T T I 0.139 0.107 2.33 0.06 0.060 0.154 0.06 0.00*
T C I 0.130 0.147 0.65 0.53 0.091 0.236 0.29 0.01
C C D 0.066 0.069 0.87 0.80 0.014 0.074 0.94 0.92
C T D 0.444 0.043 2.11 0.25 0.088 0.033 3.60 0.26
T T D 0 0.059 0 0 0.047 0 0 0
T C D 0.009 0.030 0.47 0.70 0.021 0.102 0.10 0.01

Fig. 1   Haploblocks of GPX1 (rs1800668) and CAT​ (rs1001179) 
polymorphisms in LD plot constructed between T2DM (disease) and 
healthy individuals (control) group. Haplotypic markers 5:6 and 7:8 
(red) were found in complete linkage disequilibrium and followed the 
pattern of co-inheritance to the susceptibility of T2DM

Fig. 2   Haploblocks of GPX1 (rs1800668) and CAT​ (rs1001179) poly-
morphisms in LD plot developed between diabetic cataract (disease) 
and senile cataract (controls) groups. Haplotypic markers 7:8 (red) 
was found in complete linkage disequilibrium and co-inheritance in 
the pathogenesis of diabetic cataract
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no promising significant results [24]. T allele found to 
confers 2.6 times higher risk for the induction of opaci-
fication in diabetic lens (p < 0.01). Contrasting results 
suggested that C/T genotype occur significantly higher and 
mainly contribute in the development of risk for rheuma-
toid arthritis [20]. Therefore, down-regulatory mechanism 
for the GPX1 enzymatic activity might be triggered by 
the predisposing effect of mutant T allele of this genetic 
variant [25]. The SOD1 50 bp Indel genetic variant indi-
cated no occurrence of any significant association of D 
allele for diabetic cataract risk (Adjusted OR = 1.02, 95% 
CI:0.62–1.86, p = 0.78). I allele may infer a protective 
effect against the development of the disease. Previously, 
it was reported that heterozygosity might prevail 33% of 
SOD1 downregulation [26]. Another report suggested the 
lower enzymatic activity of SOD1 enzyme in the presence 
of SOD1 50 bp deletion [27]. This study provides the con-
tradictory outcomes to previous studies with insignificant 
association of SOD1 50 bp Indel variant with risk prob-
ability of diabetic cataract. In CAT​ (rs1001179) variant, 
higher T/T and C/T genotype distribution in the group 
of diabetic cataract suggested an insignificant role of T 
allele in early induction of opacification process in T2DM 
(Adjusted OR = 0.17, 95% CI:0.10–0.29, p < 0.001). The 
CAT​ (rs1001179) variant is one of the well explored vari-
ants in multiple studies conducted to reveal its possible 
association in the development of risk for ischemic heart 
disease, diabetic nephropathy, retinopathy, type 1 diabetes, 
cardiovascular diseases and gestational diabetes [28, 29]. 
The protective role of T allele was evident by previous 
findings of a study conducted to evaluate the impact of this 
polymorphism in the oxidative stress related disorder [30].

The haplotypic frequency analysis revealed the distribu-
tion of haplotypes for targeted genetic variants in a specific 
set of groups [31]. The elevated CTD haplotypic frequency 
suggested the higher ratio of risk in the progression of 
T2DM and diabetic cataract. Therefore, the haplotype CTD 
might play a significant role in the modulation of catarac-
togenesis mechanism in T2DM. Thus, the outcomes might 
imply that the haplotypes TTI and TCI inferred a protec-
tive influence against the formation of risk for the condition 
of diabetic cataract. A previous study reported the SOD1, 
GPX1 and CAT​ haplotypes association showed no signifi-
cant observations for the probability of age-related macular 
degeneration risk [32]. Haplotypic analysis was conducted 
to reveal the cumulative effect in gene to gene interaction in 
order to identify the risk of a disease [33].

Functional association of CAT and GPX1 enzymes 
was assessed by the linkage disequilibrium plot of CAT​ 
(rs1001179) and GPX1 (rs1800668) genetic variants. In 
present study, haplotypic markers CTC-CTT were linked 
to each other and the pathogenesis of diabetic cataract 

encompasses the pattern of co-inheritance. The linkage 
disequilibrium plot for these two genetic variants was 
not explored in the literature with the inheritance pattern 
of cataract group in patients with diabetes. Suzen et al. 
suggested that CAT​ C262T and GPX1 Pro198Leu vari-
ants might be linked to each other in the oxidative stress 
induced inheritance pattern [34]. Furthermore, type 1 
diabetes mellitus showed the probability of linkage for 
T1167C and C262T genetic variants of CAT​ gene [35]. 
Thus, current study proposed the pattern of haplotypes for 
the linkage of GPX1 (rs1800668) and CAT​ (rs1001179) 
genetic variants in the development of cataract risk in 
patients with diabetes.

Following are the possible limitations of this study; 
limited sample size for population-based study, unavail-
ability of data for associated diseases, use of medications 
except steroids and paired selection of controls with three 
groups of cases could serve as a probable bias in this study 
associated with the pathogenesis of cataract in both senile 
and T2DM patients.

Among three polymorphisms, GPX1 (rs1800668) vari-
ant was found to play a significant role in accelerating 
the mechanism of cataractogenesis in patients with dia-
betes. Present study indicated GPX1 (rs1800668) variant 
as a potential antioxidant therapeutic biomarker for the 
assessment of cataract risk in diabetic condition. Since, 
GPX1 enzyme performs an important function in the 
modulation of oxidative stress. The polymorphism in pro-
motor region may create hinderance by causing variabili-
ties in expression and effect its function against oxidative 
stress which ultimately led to induced the development of 
opacities in lens and accelerates aging. In future, pharma-
cogenomic studies are needed for considering the role of 
GPX1 (rs1800668) variant as a biomarker that would be 
beneficial to resist the progression of cataract in patients 
with type 2 diabetes using personalized medicines.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00592-​021-​01832-5.

Acknowledgements  The Higher Education Commission (HEC), Paki-
stan is acknowledged for granting their financial support (Ref. No. 
6575/Sindh/NRPU/R&D/HEC/2015). Authors are also thankful to 
POB Eye Hospital for providing their assistance and collaboration in 
sample collection of cataract patients.

Author contributions  SK: sample collection, optimization, experi-
mentation, data curation, statistics, and original draft writing. SNN: 
performance, interpretation and revision of the genetic experimental 
work and manuscript. ZH: optimization, experiment, reviewing and 
editing of manuscript. AF: facilitation in sampling, revision and proof 
reading of final draft.

Funding  This research received funding from higher education 
commission (HEC), Pakistan (Ref. No. 6575/Sindh/NRPU/R&D/
HEC/2015).

https://doi.org/10.1007/s00592-021-01832-5


631Acta Diabetologica (2022) 59:623–632	

1 3

Availability of data and material  Additional supporting data of geno-
types and clinical parameters is available upon request.

Code availability  Study codes were given to the samples according to 
their categorization in groups.

Declarations 

Conflict of interest  Authors declared that they have no conflict of in-
terest.

Ethical approval  This case-control research was ethically approved by 
the Institutional Ethical Committee (ICE) of The Karachi institute of 
biotechnology and genetic engineering (KIBGE) [Ref No. KIBGE/
ICE/080/2016].

Informed consent  All the participants were recruited with written 
informed consent for the insurance of their volunteer participation in 
this study.

Consent to participate  Written informed consent was obtained from 
all cases and controls.

Consent for publish  Approved for publication by research institute 
(KIBGE, University of Karachi, Pakistan).

References

	 1.	 Bonyadi A, Jokar A, Moallemi M (2019) Cataract etiology and 
prevention in traditional Persian medicine texts. Int J Nurs Mid-
wifery 6:192–196. https://​doi.​org/​10.​4103/​JNMS.​JNMS_​23_​19

	 2.	 Wang W, Yan W, Fotis K, Prasad NM, Lansingh VC, Taylor 
HR, Finger RP, Facciolo D, He M (2016) Cataract surgical rate 
and socioeconomics: a global study. Invest Ophthalmol Vis Sci 
57:5872–5881. https://​doi.​org/​10.​1167/​iovs.​16-​19894

	 3.	 Lee CM, Afshari NA (2017) The global state of cataract blindness. 
Curr Opin Ophthalmol 28:98–103. https://​doi.​org/​10.​1097/​ICU.​
00000​00000​000340

	 4.	 Rees G, Xie J, Fenwick EK, Sturrock BA, Finger R, Rogers SL, 
Lim L, Lamoureux EL (2016) Association between diabetes-
related eye complications and symptoms of anxiety and depres-
sion. JAMA Ophthalmol 134:1007–1014. https://​doi.​org/​10.​1001/​
jamao​phtha​lmol.​2016.​2213

	 5.	 Simó-Servat O, Hernández C, Simó R (2019) Diabetic retinopathy 
in the context of patients with diabetes. Ophthalmic Res 62:211–7. 
https://​doi.​org/​10.​1159/​00049​9541

	 6.	 Kiziltoprak H, Tekin K, Inanc M, Goker YS (2019) Cataract in 
diabetes mellitus. World J Diabetes 10:140–153. https://​doi.​org/​
10.​4239/​wjd.​v10.​i3.​140

	 7.	 Rawshani A, Rawshani A, Franzén S, Sattar N, Eliasson B, Sven-
sson AM, Zethelius B, Miftaraj M, McGuire DK, Rosengren A, 
Gudbjörnsdottir S (2018) Risk factors, mortality, and cardiovas-
cular outcomes in patients with type 2 diabetes. N Engl J Med 
379:633–644. https://​doi.​org/​10.​1056/​NEJMo​a1800​256

	 8.	 Irazabal MV, Torres VE (2020) Reactive oxygen species and redox 
signaling in chronic kidney disease. Cells 9:1–17. https://​doi.​org/​
10.​3390/​cells​90613​42

	 9.	 Pisoschi AM, Pop A, Iordache F, Stanca L, Predoi G, Serban AI 
(2020) Oxidative stress mitigation by antioxid-antsan overview on 
their chemistry and influences on health status. Eur J Med Chem 
209: 1–23. https://​doi.​org/​10.​1016/j.​ejmech.​2020.​112891

	10.	 Mrowicka M, Mrowicki J, Mik M, Wojtczak R, Dziki L, 
Dziki A, Majsterek I (2017) Association between SOD1, CAT, 
GSHPX1 polymorphisms and the risk of inflammatory bowel 
disease in the Polish population. Oncotarget 8:109332–109339. 
https://​doi.​org/​10.​18632/​oncot​arget.​22675.

	11.	 Che M, Wang R, Li X, Wang HY, Zheng XS (2016) Expanding 
roles of superoxide dismutases in cell regulation and cancer. 
Drug Discov 21:143–149. https://​doi.​org/​10.​1016/j.​drudis.​2015.​
10.​001

	12.	 Weydert CJ, Cullen JJ (2010) Measurement of superoxide dis-
mutase, catalase and glutathione peroxidase in cultured cells and 
tissue. Nat Protoc 5:51–66. https://​doi.​org/​10.​1038/​nprot.​2009.​
197

	13.	 Góth L, Rass P, Páy A (2004) Catalase enzyme mutations and 
their association with diseases. J Mol Diagn 8:141–149. https://​
doi.​org/​10.​1007/​BF032​60057

	14.	 Forsberg L, Lyrenäs L, Morgenstern R, de Faire U (2001) A com-
mon functional CT substitution polymorphism in the promoter 
region of the human catalase gene influences transcription factor 
binding, reporter gene transcription and is correlated to blood 
catalase levels. Free Radic Biol Med 30:500–505. https://​doi.​org/​
10.​1016/​s0891-​5849(00)​00487-1

	15.	 Saify K, Saadat M (2018) Association Between a 50 bp ins/
del genetic variation at promoter of the superoxide dismutase-1 
(SOD1) and the risk of dependency to opium and methampheta-
mine. Acta Med Iranica 1:635–639

	16.	 Khodayari S, Salehi Z, Fakhrieh Asl S, Aminian K, Mirzaei 
Gisomi N, Torabi Dalivandan S (2013) Catalase gene C-262T 
polymorphism: importance in ulcerative colitis. J Gastroenterol 
Hepatol 28:819–822. https://​doi.​org/​10.​1111/​jgh.​12141

	17.	 Rajaraman P, Hutchinson A, Rothman N, Black PM, Fine HA, 
Loeffler JS, Selker RG, Shapiro WR, Linet MS, Inskip PD (2008) 
Oxidative response gene polymorphisms and risk of adult brain 
tumors. Neuro-Oncol 10:709–715. https://​doi.​org/​10.​1215/​15228​
517-​2008-​037

	18.	 Miller SA, Dykes D, Polesky H (1988) A simple salting out pro-
cedure for extracting DNA from human nucleated cells. Nucleic 
Acids Res 16:1215. https://​doi.​org/​10.​1093/​nar/​16.3.​1215

	19.	 Eskandari-Nasab E, Kharazi-Nejad E, Nakhaee A, Afzali M, 
Tabatabaei SP, Tirgar-Fakheri K, Hashemi M (2014) 50-bp ins/
del polymorphism of SOD1 is associated with increased risk of 
cardiovascular disease. Acta Med Iranica 1:591–595

	20.	 Irfan S, Rani A, Sameem M, Nawaz SK, Liaqat I, Arshad M 
(2016) Association of rs1800668 polymorphism in glutathione 
peroxidase-1 gene and risk of rheumatoid arthritis in Pakistani 
population. Pak J Med Sci 32:1204-1207. https://​doi.​org/​10.​
12669/​pjms.​325.​10325.

	21.	 Solé X, Guinó E, Valls J, Iniesta R, Moreno V (2006) SNPStats: 
a web tool for the analysis of association studies. Bioinformatics 
22:1928–1929. https://​doi.​org/​10.​1093/​bioin​forma​tics/​btl268

	22.	 Barrett JC, Fry B, Maller JD, Daly MJ (2005) Haploview: analy-
sis and visualization of LD and haplotype maps. Bioinformatics 
21:263–265. https://​doi.​org/​10.​1093/​bioin​forma​tics/​bth457

	23.	 Gugliandolo A, Gangemi C, Calabrò C, Vecchio M, Di Mauro 
D, Renis M, Ientile R, Currò M, Caccamo D (2016) Assessment 
of glutathione peroxidase-1 polymorphisms, oxidative stress and 
DNA damage in sensitivity-related illnesses. Life Sci 145:27–33. 
https://​doi.​org/​10.​1016/j.​lfs.​2015.​12.​028

	24.	 Blein S, Berndt S, Joshi AD, Campa D, Ziegler RG, Riboli E, 
Cox DG, NCI Breast and Prostate Cancer Cohort Consortium, 
Gaudet MM, Stevens VL, Diver WR (2014) Factors associated 
with oxidative stress and cancer risk in the breast and prostate 
cancer cohort consortium. Free Radic Res 48:380–386. https://​
doi.​org/​10.​3109/​10715​762.​2013.​875168.

	25.	 Shao X, Yan C, Sun D, Fu C, Tian C, Duan L, Zhu G (2020) Asso-
ciation between glutathione peroxidase-1 (GPx-1) polymorphisms 

https://doi.org/10.4103/JNMS.JNMS_23_19
https://doi.org/10.1167/iovs.16-19894
https://doi.org/10.1097/ICU.0000000000000340
https://doi.org/10.1097/ICU.0000000000000340
https://doi.org/10.1001/jamaophthalmol.2016.2213
https://doi.org/10.1001/jamaophthalmol.2016.2213
https://doi.org/10.1159/000499541
https://doi.org/10.4239/wjd.v10.i3.140
https://doi.org/10.4239/wjd.v10.i3.140
https://doi.org/10.1056/NEJMoa1800256
https://doi.org/10.3390/cells9061342
https://doi.org/10.3390/cells9061342
https://doi.org/10.1016/j.ejmech.2020.112891
https://doi.org/10.18632/oncotarget.22675
https://doi.org/10.1016/j.drudis.2015.10.001
https://doi.org/10.1016/j.drudis.2015.10.001
https://doi.org/10.1038/nprot.2009.197
https://doi.org/10.1038/nprot.2009.197
https://doi.org/10.1007/BF03260057
https://doi.org/10.1007/BF03260057
https://doi.org/10.1016/s0891-5849(00)00487-1
https://doi.org/10.1016/s0891-5849(00)00487-1
https://doi.org/10.1111/jgh.12141
https://doi.org/10.1215/15228517-2008-037
https://doi.org/10.1215/15228517-2008-037
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.12669/pjms.325.10325
https://doi.org/10.12669/pjms.325.10325
https://doi.org/10.1093/bioinformatics/btl268
https://doi.org/10.1093/bioinformatics/bth457
https://doi.org/10.1016/j.lfs.2015.12.028
https://doi.org/10.3109/10715762.2013.875168
https://doi.org/10.3109/10715762.2013.875168


632	 Acta Diabetologica (2022) 59:623–632

1 3

and schizophrenia in the Chinese Han population. Neuropsychiatr 
Dis Treat 16:2297–2305. https://​doi.​org/​10.​2147/​NDT.​S2722​78

	26.	 Saify K, Saadat M (2017) Influence of a 50 bp ins/del polymor-
phism at promoter of the superoxide dismutase-1 on gene expres-
sion and risk of heroin dependency. Environ Health Prev Med 
22:1–6. https://​doi.​org/​10.​1186/​s12199-​017-​0617-8

	27.	 Ingre C, Wuolikainen A, Marklund SL, Birve A, Press R, 
Andersen PM (2016) A 50 bp deletion in the SOD1 promoter low-
ers enzyme expression but is not associated with ALS in Sweden. 
Amyotroph Lateral Scler Frontotemporal Degener 17:452–457. 
https://​doi.​org/​10.​3109/​21678​421.​2016.​11592​23

	28.	 Crawford A, Fassett RG, Geraghty DP, Kunde DA, Ball MJ, 
Robertson IK, Coombes JS (2012) Relationships between single 
nucleotide polymorphisms of antioxidant enzymes and disease. 
Gene 501:89–103. https://​doi.​org/​10.​1016/j.​gene.​2012.​04.​011

	29.	 Sari MI, Syarifah S, Daulay M, Tala ZZ (2020) The association 
of antioxidants gene polymorphisms (SOD2 Ala16Val, GPx1 Pro-
198Leu, GSTP1 Ile105Val, and Cat −21 A/T) and risk of type 
2 diabetes mellitus. Open Access Maced J Med Sci 8:781–786. 
https://​doi.​org/​10.​3889/​oamjms.​2020.​5397

	30.	 Zarei N, Saadat I, Farvardin-Jahromi M (2015) The relationship 
between NQO1 C609T and CAT C-262Tgenetic polymorphisms 
and the risk of age-related cataracts. Mol Biol Res Commun 
4:143–149. https://​doi.​org/​10.​22099/​MBRC.​2015.​3116

	31.	 Leung D, Jung I, Rajagopal N, Schmitt A, Selvaraj S, Lee AY, 
Yen CA, Lin S, Lin Y, Qiu Y, Xie W (2015) Integrative analysis 

of haplotype-resolved epigenomes across human tissues. Nature 
518:350–354. https://​doi.​org/​10.​1038/​natur​e14217

	32.	 Tokarz P, Kaarniranta K, Blasiak J (2013) Role of antioxidant 
enzymes and small molecular weight antioxidants in the pathogen-
esis of age-related macular degeneration (AMD). Biogerontology 
14:461–482. https://​doi.​org/​10.​1007/​s10522-​013-​9463-2

	33.	 Janssens AC, Moonesinghe R, Yang Q, Steyerberg EW, van Duijn 
CM, Khoury MJ (2007) The impact of genotype frequencies on 
the clinical validity of genomic profiling for predicting common 
chronic diseases. Genet Med 9:528–535. https://​doi.​org/​10.​1097/​
gim.​0b013​e3181​2eece0

	34.	 Suzen HS, Gucyener E, Sakalli O, Uckun Z, Kose G, Ustel D, 
Duydu Y (2010) CAT C-262T and GPX1 Pro198Leu polymor-
phisms in a Turkish population. Mol Biol Rep 37:87–92. https://​
doi.​org/​10.​1007/​s11033-​009-​9540-4

	35.	 Montesanto A, BonFigureli AR, Crocco P, Garagnani P, De Luca 
M, Boemi M, Marasco E, Pirazzini C, Giuliani C, Franceschi C, 
Passarino G (2018) Genes associated with type 2 diabetes and 
vascular complications. Aging (Albany NY) 10:178–196. https://​
doi.​org/​10.​18632/​aging.​101375.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Sanober Kafeel1   · Zehra Hashim2   · Asher Fawwad3,4   · Syeda Nuzhat Nawab1 

	 Sanober Kafeel 
	 sanoberkafeel93@gmail.com

	 Zehra Hashim 
	 zehra.manzoor@uok.edu.pk

	 Asher Fawwad 
	 asherfawwad@bide.edu.pk

1	 The Karachi Institute of Biotechnology and Genetic 
Engineering (KIBGE), University of Karachi, 
Karachi 75270, Pakistan

2	 Dr. Zafar H. Zaidi Center for Proteomics, University 
of Karachi, Karachi 75270, Pakistan

3	 Baqai Institute of Diabetology and Endocrinology (BIDE), 
Karachi 74600, Pakistan

4	 Department of Biochemistry, Baqai Medical University, 
Karachi 75340, Pakistan

https://doi.org/10.2147/NDT.S272278
https://doi.org/10.1186/s12199-017-0617-8
https://doi.org/10.3109/21678421.2016.1159223
https://doi.org/10.1016/j.gene.2012.04.011
https://doi.org/10.3889/oamjms.2020.5397
https://doi.org/10.22099/MBRC.2015.3116
https://doi.org/10.1038/nature14217
https://doi.org/10.1007/s10522-013-9463-2
https://doi.org/10.1097/gim.0b013e31812eece0
https://doi.org/10.1097/gim.0b013e31812eece0
https://doi.org/10.1007/s11033-009-9540-4
https://doi.org/10.1007/s11033-009-9540-4
https://doi.org/10.18632/aging.101375
https://doi.org/10.18632/aging.101375
https://orcid.org/0000-0003-1282-6347
https://orcid.org/0000-0001-6750-093X
https://orcid.org/0000-0002-2094-9497
http://orcid.org/0000-0002-4828-3287

	Predisposition of SOD1, GPX1, CAT​ genetic variants and their haplotypes in cataractogenesis of type 2 diabetes mellitus in Pakistan
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Ethical approval and study design
	Selection criteria and sample collection
	Genotyping of SOD1 50 bp Indel variant
	Genotyping of GPX1 (rs1800668) variant
	Genotyping of CAT​ (rs1001179) variant
	Statistical analysis

	Results
	Association of genetic variants
	Distribution of Haplotypes
	Linkage disequilibrium of GPX1 and CAT​ haplotypes

	Discussion
	Acknowledgements 
	References




