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Introduction: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by persistent hyperglycemia, which 
results in initiates oxidative stress and disrupts various cellular pathways. In this study, we examined the relationship between 
polymorphisms in antioxidant enzymes, specifically glutathione peroxidase 1 (GPx1) and catalase (CAT), and the susceptibility to 
T2DM in a Saudi population from the Jazan Province.
Methods: A total of 419 participants were evaluated, including 247 T2DM patients and 172 controls. They were genotyped for the 
GPx1 Pro198Leu and CAT-262C/T polymorphisms by a PCR-based method.
Results: The results indicated that individuals with the CAT T/T genotype had a 60% lower likelihood of developing T2DM 
compared with those harboring the C/C genotype (uOD 0.4; 95% CI 0.2–0.8, p = 0.04); however, no significant association was 
observed between the GPx1 polymorphism and T2DM.
Discussion: The results suggest that CAT polymorphism may confer a protective effect against T2DM, whereas the GPx1 
polymorphism appears not to be a determinant of T2DM susceptibility in this population. Further studies including larger and more 
diverse cohorts are necessary to validate these results and elucidate the underlying mechanisms. Understanding the genetic factors that 
contribute to T2DM is essential for developing targeted preventive and therapeutic strategies.
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Introduction
Oxidative stress is a major contributor to the development of type 2 diabetes mellitus (T2DM) through various molecular 
mechanisms. The chronic hyperglycemia characteristic of T2DM results in the generation of free radicals and increased 
oxidative stress, which affects multiple cellular pathways and molecular mechanisms.1–3 Oxidative stress refers to an 
imbalance between free radical production and the antioxidant system, which results in a reduction of peripheral insulin 
sensitivity.4 Oxidative stress has been implicated in the reduction of peripheral insulin sensitivity, which is a key factor in 
the development of T2DM.4 In addition, altered glucose metabolism, oxidative damage to pancreatic β-cells, and 
endothelial dysfunction are among the major pathways involved.5

Increased oxidative stress and/or impaired antioxidant defense associated with diabetes may also contribute to its 
development and progression; however, data for this association remains scarce. Mitochondrial function may be affected 
as a result of chronic hyperglycemia, which leads to an increase in reactive oxygen species (ROS) production.6 
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Glutathione peroxidase 1 (GPX1) and catalase (CAT) polymorphisms have been actively investigated as potential genetic 
factors that contribute to T2DM susceptibility.

The Pro198Leu polymorphism in Gpx1 involves a substitution of proline with leucine at position 198. Some studies 
suggest that the Leu allele may be associated with reduced GPx1 activity, resulting in decreased antioxidant defense 
against oxidative stress in the GPx1 protein.7 Polymorphisms in the glutathione peroxidase 1 gene may affect selenium 
status and GPx activity in response to dietary intake. This variability in GPx activity resulting from the Leu allele 
suggests a potential impact on antioxidant defense mechanisms in individuals with chronic conditions.8 Another study 
found that a CAT gene polymorphism was associated with a decreased risk of T2DM.9,10

In the present study, we determined the associations between single nucleotide polymorphisms (SNPs) of GPx1 and 
CAT with T2DM. We studied a Saudi cohort with T2DM from the southwest part of the country.

Material and Methods
Patients and Data Collection
All participants voluntarily provided written informed consent before they participated in this study. The study included 419 male 
and female subjects carefully matched for age. These subjects were recruited from various hospitals in the Jazan Province. The 
control group consisted of blood donors, whereas the diabetic patient group was selected from the Diabetes Centers, Jazan.

These individuals were randomly selected from the Saudi population, predominantly from the Jazan region. Sample collection 
took place between March 2021 and September 2021. Rigorous inclusion and exclusion criteria were applied during selection.

The inclusion criteria for the control group included healthy individuals without a family history of allergies, infections, or 
inflammatory diseases. In addition, fasting blood glucose (FPG), postprandial glucose (PPG), and body mass index had to fall 
within the normal range. Diabetic patients were included based on the criteria established by the American Diabetes Association 
(ADA)11 for T2DM as outlined in the 2020 ADA guidelines. For both groups exclusion criteria included pregnant or nursing 
mothers, patients with psychotic disorders, metabolic disorders, heart disease, or other types of diabetes.

Ethical Approval
The Jazan Research Ethics Committee of the General Directorate of Health Affairs (Jazan), Ministry of Health, Saudi 
Arabia, approved the current study, which complied with the Declaration of Helsinki (approval no. 2038).

DNA Extraction and Genetic Analysis
The specimens were collected into ethylenediaminetetraacetate (EDTA)-containing tubes. Genomic DNA extraction was 
performed utilizing the GeneJET Whole Blood Genomic DNA Purification Mini Kit from (Thermo Fisher, Paisley, UK) 
based on the manufacturer’s instructions. The quality and quantity of the purified DNA were determined using 
a NanoDrop 200 spectrophotometer (Thermo Fisher, Paisley, UK). A standard polymerase chain reaction (PCR) program 
was employed.12,13

Two SNPs were selected based on previous studies.14,15 The digested products exhibited two fragments of 170 and 
52 bp for the 198Pro wild-type homozygous sequence, 3 fragments of 222, 170, and 52 for the 198Pro/Leu (CT) 
heterozygote, and one 222 bp fragment for the 198Leu (T) mutated homozygous sequence (Table 1). The PCR samples 
for were also sent to Macrogen (Seoul, South Korea) for C242T variation sequencing. The MacVector Software, Version 
12.7 (MacVector, Inc., Apex, NC, USA) was used to visualize the sequencing electropherograms (Figure 1).16

Table 1 Primers Used for PCR and Sequencing

Forward Reverse

CAT-262C/T14 TGC TTG TGG GTA AAC CAA GGC CGG TG AAC ACT GAG GTA AGT GGG GGT GGC TCC TGT

GPx1 198Pro/Leu15 TCC AGA CCA TTG ACA TCG AG ACT GGG ATC AAC AGG ACC AG
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Statistical Analysis
Statistical analyses were performed using Stata version 13 software (StataCorp LP, College Station, TX, USA). 
Univariate logistic regression analysis was done using the crude odds ratio with a 95% confidence interval for 

Figure 1 The figure shows the frequency of three genotypic variations: (a)T/T, (b)T/C, and (c) C/C, represented across the sample sequencing electropherograms.
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the association study. A p-value of <0.05 was considered statistically significant to assess the association between the 
polymorphisms and the likelihood of developing diabetes.

Results
The mean age for all participants was 46 years (SD ± 14). The CAT-262C/T and GPX1 198Pro/Leu polymorphisms were 
examined in 419 participants. Of these, 247 (59%) were diagnosed with diabetic mellitus. All allele and genotype 
frequencies were consistent with the Hardy–Weinberg Equilibrium principle. Among the participants, 112 (46%) 
exhibited wild-type GPX1 (C/C) and the same number of cases were CAT (C/C). Subjects with mutated CAT (T/T) 
were 60% less likely to have DM compared with those harboring the CAT C/C polymorphism (uOD 0.4; 95% CI 0.2–0.8, 
p = 0.04). Moreover, the logistic regression analysis for the double combinations showed 53 (22%) participants with DM 
containing the GPX1 C/C and CAT C/T polymorphisms. (Table 2)

Discussion
Understanding the relationship between antioxidant enzymes and T2DM is an active area of investigation. The 
etiopathogenesis of this disease remains complex, with genetic, environmental, and lifestyle aspects considered to be 
involved. GPx1 and CAT are two important antioxidant enzymes associated with ROS detoxification, regulating ROS 
levels generated in the mitochondria. However, it is debatable as to whether these enzymes contribute to T2DM and its 
complications. For example, one study suggested that the GPx1 198Pro/Leu polymorphism is involved in peripheral 
neuropathy in T2DM, but not cardiovascular complications.17 A study on Polish patients contradicted the correlation 

Table 2 Genotype and Allele Distribution in Control and Type 2 Diabetes 
Mellitus (T2DM) Groups

Control (n = 172) DM (n = 247) OR (95% CI) P-value

GPX1

C/C 97 (57%) 112(46%) 0 0.175

C/T 52(30%) 90(37%) 1.4(0.9–2.2)

T/T 22(13%) 40(17%) 1.5(0.8–2.7)

CAT

C/C 60(35%) 112(45%) 0 0.045

C/T 76(45%) 104(42%) 0.7(0.4–1.1)

T/T 34(20%) 31(13%) 0.4(0.2–0.8)

GPX1 & CAT

C/C&C/C 33(20%) 47(20%) 0 0.21

C/C&C/T 45(27%) 53(22%) 0.8(0.4–1.5)

C/C&T/T 18(11%) 12(5%) 0.4(0.1–1.1)

C/T&C/C 19(11%) 41(17%) 1.5(0.7–3.1)

C/T&C/T 22(13%) 36(15%) 1.1(0.5–2.2)

C/T&T/T 10(6%) 12(5%) 0.8(0.3–2.1)

T/T &C/C 8(5%) 21(9%) 1.8(0.7–4.6)

T/T &C/T 8(5%) 13(5%) 1.1(0.4–3.1)

T/T &T/T 6(4%) 6(2%) 0.7(0.2–2.3)
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between GPx1 and CAT polymorphisms.18 Therefore, in the present study, we examined the association of GPx1 and 
CAT polymorphisms in a T2DM cohort from the Saudi population.

Our findings suggest an association between CAT polymorphism and T2DM, in which patients carrying the wild-type 
genotype are more likely to develop T2DM. In contrast, patients with a CAT T/T genotype are at a lower risk. Neither the 
GPX1 results nor the double combination alleles were significantly associated with our study population. Our findings for 
GPX1 are consistent with those reported for a Tunisian19 and Chinese20 population.

A polymorphism in the catalase gene (CAT) has been associated with a decreased risk for T2DM in our cohort. One 
study indicated that individuals with this polymorphism have a significantly lower risk of developing severe respiratory 
syncytial virus bronchiolitis, suggesting a protective effect of this CAT polymorphism against disease severity, which 
may extend to other oxidative stress-related conditions, such as T2DM.21 Another study found that the CAT polymorph-
ism rs7943316 may alter the risk of developing T2DM. Thus, variations in CAT may influence antioxidant defense 
mechanisms, potentially reducing the risk of T2DM.9

In the present study, associations between GPx enzyme polymorphisms and T2DM were observed; however, 
additional studies are needed to validate these findings and to determine the underlying mechanisms for these associa-
tions. Larger and more diverse study populations as well as functional studies to assess enzyme activity will be important 
to obtain a comprehensive understanding of the relationship of these variants through gene-environment interactions, 
ethnicity, and other environmental factors.

Conclusion
In this study, we examined the association between polymorphisms in the GPx1 and CAT genes with susceptibility to 
T2DM in a Saudi cohort from the Jazan Province. Our findings suggest that the CAT-262C/T polymorphism, particularly 
the T/T genotype, is significantly associated with a reduced risk of developing T2DM. This suggests that the CAT gene 
may have a protective role against oxidative stress-induced damage, which may lead to the onset and progression of 
T2DM.

Conversely, no significant association was observed between the GPx1 Pro198Leu polymorphism and T2DM. This 
lack of association is consistent with previous studies, but contrasts with others, which highlights the complexity of the 
genetic factors involved in T2DM and the potential influence of population-specific factors, such as gene-environment 
interactions.

Our results highlight the importance of considering genetic diversity and population-specific factors when studying 
the etiology of T2DM. Future studies should focus on larger, more diverse populations, and include functional studies to 
better understand the mechanisms by which these polymorphisms contribute to T2DM risk. In addition, exploring the 
interplay between genetic predisposition, lifestyle, and environmental factors will be necessary for developing more 
effective, preventive, and therapeutic strategies for T2DM.
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