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ABSTRACT

Introduction: Oxidative stress contributes to defective antioxidant defences, possibly leading
to type 2 diabetes (T2D). This study aimed to elucidate the T2D risks and antioxidant
defences by investigating the correlation between malondialdehyde (MDA), superoxide
dismutase (SOD) and catalase (CAT) in T2DM patients.

Methodology: In this case-control study, 63 newly diagnosed T2DM patients and 63 healthy
individuals served as cases and controls, respectively. The socio-demographic information
was recorded. In addition, plasma glucose, HbAlc, MDA, SOD, and catalase were calculated

and statistically compared.

Results: The mean age of the cases was 47.14+8.16, and the controls were 45.12+6.09 years.
The majority of the patients in both groups were married and intermediate-qualified. The
mean duration of the smoking was significantly higher in Cases (p=0.0050*). Mean serum
urea and creatinine were substantially higher in the case group. The study revealed significant
differences in plasma glucose and HbAlc levels between cases and controls (p<0.05).
Moreover, MDA levels were substantially elevated in the case group (p<0.0001%*). In
contrast, SOD (p=0.0025*) and catalase (p<0.0001*) levels were significantly lower in the

case group.
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Conclusion: T2DM is linked to heightened oxidative stress, evidenced by elevated MDA
levels and reduced activity of antioxidant enzymes such as SOD and catalase. These
antioxidant defence mechanism changes could serve as early markers for the onset of T2DM

complications.

KEYWORDS: Diabetes Mellitus, Malondialdehyde Superoxide Dismutase, Reactive
Oxygen Species

INTRODUCTION

The prevalence of diabetes mellitus has increased globally. 90% of all diabetes cases are
Type 2 diabetes (T2D), particularly in middle-aged individuals. [1] The complications of
diabetes mellitus vary from person to person and are affected by variables such as diet and
general health. Diabetes mellitus affects approximately 190 million people of various ages,
making it one of the most significant causes of disability and mortality worldwide. T2DM has
reached epidemic proportions, especially in certain subgroups of the population. Due to its
rising prevalence, it is expected to become one of the leading preventable causes of death.
The prevalence of diabetes in India is projected to increase to 642 million by 2040, from an
estimated 66.8 to 69.1 crores in 2014 and 2015, respectively. [2] Insulin resistance and
abnormal secretion contribute to the development of type 2 diabetes. It is affected by obesity,
age, ethnicity, and family history. The causes of type 2 diabetes are genetics and lifestyle.
Hyperglycaemia is caused by insulin resistance. When beta cells are unable to compensate for
insulin resistance, type 2 diabetes results. [3] Oxidative stress (OS) may be one of the most
significant risk factors for early-onset T2D and the onset of diabetic complications. OS is
associated with increased reactive oxygen species (ROS) production and decreased
antioxidant system efficiency. According to reports, T2D is significantly associated with OS,
and persistent long-term hyperglycaemia can result in excessive ROS formation in diabetic
patients. [5,6] Enzymatic (superoxide dismutase (SOD) and catalase (CAT)) and
nonenzymatic (vitamins A and E) antioxidants comprise the common ROS defence
mechanism. [7]. Blood antioxidant defences can be evaluated to predict the risk of type 2
diabetes and diabetic complications. SOD is an initial antioxidant defence against ROS. It
converts superoxide anion into hydrogen peroxide and oxygen, which CAT subsequently
degrades into water and oxygen. [9] According to reports, SOD is associated with T2D by

ameliorating hyperglycaemia-induced OS. [10] A decrease in SOD concentrations may
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increase T2D patients' susceptibility to OS. [4] CAT is a significant antioxidant enzyme that
converts hydrogen peroxide to oxygen and water. Given that CAT helps protect -cells from
ROS-induced damage, CAT deficiency is associated with increased T2D risk, contributing to
-cell dysfunction. Lipid peroxidation, measured by malondialdehyde (MDA) levels, is a
frequently employed indicator of oxidative stress. [5] This study aimed to assess oxidative
stress markers and antioxidant enzyme activity in newly diagnosed patients with type 2

diabetes mellitus.

MATERIAL AND METHODS

In this Case-Control study conducted at the Department of Biochemistry, L.N.C.T.
University, Bhopal, over the course of one year, we obtained ethical clearance and informed
consent before enrolling participants. The study included 63 newly diagnosed cases of type 2
diabetes mellitus (T2DM), defined as individuals with Fasting blood sugar levels >126mg/dl
or 2-hour post-prandial blood sugar levels >200mg/dl. Additionally, 63 individuals were
selected as controls, meeting criteria for Fasting blood sugar levels <110mg/dl and 2 hours
post-prandial blood sugar levels <140mg/dl. Exclusion criteria involved patients with type 1
diabetes mellitus and individuals with other chronic conditions like cardiovascular disease,
cancer, etc. Detailed clinical information, including age, sex, occupation, and relevant risk
factors contributing to the illness, was gathered from the case and control groups. The levels
of oxidative marker

: malondialdehyde (MDA) (Catalog Number KA3736), antioxidant enzymes: superoxide
dismutase (Catalog Number KAQ0783), and catalase (ABNOVA Catalog Number KA0884),

were assessed in accordance with the kit protocol.

Statistical Analysis:

Data were entered in Microsoft Excel and analyzed using Statistical Package for the Social
Sciences version 26 (SPSS Inc., Chicago, IL, U.S.A.). Continuous variables were expressed
as mean (standard deviation) or range, while dichotomous variables were presented as
numbers/frequencies. The Chi-square test and Student t-test were used for analysis. Pearson r
correlation determined correlations. Significance was set at p < 0.05 (95% confidence

interval) or p < 0.001.
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RESULTS

The majority of the patients were males aged between 61-65 years. [Figure-1] The male
patients [(66.67%), (58.73%)] showed a predominance in both case and control groups
[Figure-2]. Most of the patients were married and were non-vegetarian. [Figure-3] Most
controls and cases were intermediate qualified [Figure-4]. We observed no significant
difference in the demographics of the enrolled patients in both groups. The mean duration of
the smoking was significantly higher in Cases [11.53£5.62] as compared to the control group
[8.87+4.79] (p=0.0050%). In Cases group, majority of the patients’ cigarette consumption per
day were 4-5 times (46.03%). However, in control group most patients’ cigarette
consumption per day were 2-3 times (50.79%). Furthermore, a significant association was
observed (p=0.0002*) in Frequency of cigarette /beedis consumption per day in cases
patients. Among the cases, 65.08% reported alcohol consumption, compared to 46.03% in the
control group. Most patients in both groups did not have any systemic diseases. The mean
BMI was significantly higher in the case group [25.06£1.42] than in the control group
[23.45£1.13]. The mean serum urea and creatinine were significantly higher in cases
[30.14+6.23 and 0.49+0.05] as compared to controls [27.43+4.39 and 0.41+0.02]. Plasma
glucose levels (fasting and postprandial) and HbA1C were significantly higher in the case
group compared to the control group. Additionally, mean HDL-C was lower in the case group
[p<0.0001*] [Table-1]. Regarding oxidative markers, the mean MDA was significantly
higher in the case group [2.06+0.53] than in the control group [1.56£0.28]. On the other
hand, the mean levels of antioxidant enzymes Superoxide dismutase and catalase were
significantly higher in the case group than in the control group [Table-2]. Pearson correlation
analysis revealed a significantly negative correlation between SOD [r=-0.1932; p=0.0302*]
and Catalase [r=-0.3544; p<0.0001*] with HbA1C levels. Conversely, MDA showed a
significantly positive correlation with HbAL1C levels [r=0.6728; p<0.0001*]. [Table-3]
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TABLE-1: Biochemical parameters of enrolled patients among the cases and control

groups.

Biochemical parameters

Blood Sugar Level

Lipid Profile

Plasma Glucose
Fasting (mg/dL)

Plasma Glucose
Postprandial (mg/dL)

HbAlc (%)

Triglyceride (mg/dL)

Total Cholesterol
(mg/dL)

HDL-C

LDL-C

VLDL-C

CASES
[N=63]

MEAN

141.46

183.19

6.46

143.67

181.06

35.61

118.36

29.48

Eur. Chem. Bull. 2023,12(10), 10330-10343

SD

4.67

12.64

0.52

13.56

30.42

5.74

17.08

2.65

CONTROL
[N=63]
MEAN SD
91.39 10.16
125.34 13.37
5.08 0.49
142.36 10.08
171.49 22.31
41.56 5.34
102.68 16.59
28.96 2.52

P-VALUE

t=35.54
p<0.0001*
t=24.96
p<0.0001*
t=15.33
p<0.0001*
t=0.6154
p=0.5394
t=2.014
p=0.0462*
t=6.024
p<0.0001*
t=5.227
p<0.0001*
t=1.129
p=0.2612
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TABLE-2: Level of markers and enzymes in the enrolled patients among the cases and

control groups.

CASES CONTROL
Markers and Enzymes [n=63] [n=63]
MEAN SD MEAN SD
Oxidative stress MDA 206 0.53 156 0.28
marker (nmol/ml)
SOD (%) 78.53 8.86 83.65 9.74
Antioxidant
Enzymes
CATALASE 4 4 175  17.86  3.44

(nmol/min/mL)

P-VALUE

t=6.621
p<0.0001*
t=3.086
p=0.0025*
t=22.07
p<0.0001*

TABLE-3: Pearson correlation analysis of the HbA1C level with markers and enzymes.

CORRELATION ANALYSIS

HBA1C

Vs MDA (nmol/ml) SOD (%)

Pearson r 0.6728 -0.1932

95% confidence interval 0.5643 to 0.7584 -0.3560 to -0.01890

P value <0.0001* 0.0302*

Eur. Chem. Bull. 2023,12(10), 10330-10343

Catalase (nmol/min/mL)

-0.3544

-0.4984 t0 -0.1913

<0.0001*
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FIGURE-1.1: Age distribution of the enrolled patients among the case and control.
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FIGURE-2: Gender-wise distribution of the enrolled patients among the case and

control.
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FIGURE-3: Marital status of the enrolled patients among the case and controls.
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FIGURE-4: Educational status of the enrolled patients among the case and controls.

DISCUSSION

In the present investigation, the average age of the cases was 47.14+8.16 years, while the
controls had an average age of 45.12+6.09 years. Most cases and controls fell within the 61-
65 years age range, with 52.38% and 49.21%, respectively. This was followed by the 51-60
years age group, comprising 23.81% of cases and 26.98% of controls. The 41-50 age group
accounted for 17.46% of cases and 12.70% of controls, while the 30-40 age group

10337

Eur. Chem. Bull. 2023,12(10), 10330-10343



Correlation between oxidative stress marker and antioxidant enzymes in patients suffering from type 2

Diabetes mellitus.
Section A-Research paper

represented 6.35% of cases and 11.11% of controls. Our study revealed a higher proportion
of males, with 66.67% of the patients in the case group and 58.73% in the control group
being male (p=0.3570). This male preponderance aligns with the findings of Ghosh A et al.
[11], who also observed a higher mean age in the case group [49 £ 7.91 years] compared to
the control group [47 + 9.73 years]. However, the difference was not statistically significant.
Similarly, Beg A et al. [12] reported mean ages of 43.9 + 6.5 years for controls and 46.4 £
8.5 years for cases in their study, with a male preponderance also observed. No significant
differences were found in the mean age and male-to-female ratio across different study
groups. Further, El Eter et al. [13] noted a significantly higher mean age in the study group
[61.33 + 11.14 years] compared to the control group [54.15 + 15.39 years]. They also
reported a male preponderance with 42 male patients and a higher number of female patients
(n=28) in the study group. Furthermore, Promyos N et al. [14] found a median age of 44
years in the control group and 48 years in the case group. Most patients in both groups were
aged between 41-50 years, and a significant difference in age distribution between the two
groups was reported. Interestingly, they observed a female preponderance in the case (72.3%)
and control groups (67.3%). In our study, the mean Malondialdehyde (MDA) were
significantly higher in Cases groups [2.06£0.53 nmol/ml] as compared to the control group
[1.56+0.28 nmol/ml]. Similarly, Beg A et al. [12] reported a significantly higher level of
MDA in the case group [2.60 £ 0.35 nmol/ml] than in the control group [1.90 = 0.47
nmol/ml]. Other studies have also reported that individuals with diabetes have an
unfavourable lipid profile and altered plasma levels of oxidative stress markers than control
subjects. [15,16] Under normal physiological conditions, there exists a balance between the
generation of free radicals and the antioxidant defence mechanisms. However, in individuals
with type 2 diabetes mellitus (T2DM), persistent hyperglycaemia leads to increased reactive
oxygen species (ROS) production, overwhelming the available antioxidant mechanisms.
Malondialdehyde (MDA) is often used as a marker of lipid peroxidation, which encompasses
the combined activity of plasma antioxidants, including vitamins and enzymes. [17] Chavan
et al. [18] reported elevated MDA levels in diabetic patients compared to controls. Similarly,
Gupta et al. [19] found increased MDA levels in diabetics, with higher levels observed in
subjects with uncontrolled hyperglycaemia and diabetic complications. Numerous other
studies have also shown lower antioxidant levels and enhanced pro-oxidative status in
diabetic conditions. [20,21] Furthermore, MDA levels were higher in people with diabetes
compared to the control group. [12] We noted that the mean SOD and Catalase were
significantly lower in cases [78.53£8.86% and 7.13£1.75 nmol/min/mL] than in the control

10338

Eur. Chem. Bull. 2023,12(10), 10330-10343



Correlation between oxidative stress marker and antioxidant enzymes in patients suffering from type 2
Diabetes mellitus.
Section A-Research paper

groups [83.65+9.74% and 17.86%3.44 nmol/min/mL]. Significant differences were observed
in the levels of antioxidant enzymes among the groups. Interestingly, our present study also
showed higher levels of antioxidants, despite the well-known increase in oxidative stress in
diabetes. These results suggest a possible adaptive response, which may be attributed to
increased O2- (superoxide) production, leading to elevated H,O, (hydrogen peroxide)
production. This mechanism may necessitate higher activity of antioxidant enzymes to
provide protection against the increased oxidative stress associated with adverse
cardiovascular and metabolic conditions. [14] Decreased concentrations of superoxide
dismutase (SOD) and catalase (CAT) in patients with type 2 diabetes (T2D) have been linked
to oxidative stress-induced hyperglycaemia. [14] This finding is consistent with other studies
that have also reported reduced levels of SOD and CAT in individuals with T2D. [22] For
instance, Hou et al. [5] found a statistically significant decrease in SOD activity in
participants with T2D compared to healthy individuals. Similarly, Lipa et al. [23] concluded
that low serum levels of SOD were significantly associated with an increased risk of T2D and
cataract development in individuals with T2D. Several previous studies have also reported a
reduced activity of serum SOD in patients with T2D compared to those without T2D. [10,24]
However, some studies have reported contrasting findings, showing elevated or unchanged
levels of SOD and CAT in patients with T2D. Dworzanski et al. [25] presented elevated
SOD and CAT levels in individuals with T2D, while others found no significant increase in
SOD and CAT levels in T2D patients compared to non-diabetic individuals. [26,27] The
elevated or unchanged levels of SOD and CAT could be attributed to the overexpression of
these enzymes in an attempt to counteract oxidative attack and prevent peroxidation of
polyunsaturated fatty acids in the cell membrane of patients with diabetes, thus compensating
for free radicals. [5] These discrepancies in findings may be influenced by factors such as the
duration of T2D, stage of diabetes, genotype background, variations in study populations,
different sample sizes, and variations in SOD and CAT analysis methods. [10,25] After
applying Pearson correlation analysis, we noted that SOD [r=-0.1932; p=0.0302*] and
Catalase [r=-0.3544; p<0.0001*] showed a significantly negative correlation with HbA1C
level. Whereas MDA [r=0.6728; p<0.0001*] showed a significantly positive correlation with
HbAL1C level. On the other hand, a positive correlation was found between HbAlc and MDA
(a marker of lipid peroxidation), suggesting that higher HbAlc levels were associated with
increased oxidative stress. [13] Furthermore, a significant negative correlation between MDA
indicated that higher lipid peroxidation levels were associated with decreased antioxidant
capacity. These results suggest that in type 2 diabetes, the increase in free radicals is
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proportional to the degree of hyperglycemia, accompanied by a decrease in antioxidant
capacity. The effects of oxidative markers levels on type 2 diabetes may be mediated by age,
body mass index (BMI) and lipid profile. Reduced levels of these biomarkers may serve as
screening tools for type 2 diabetes risk assessment. [11-13] In addition, measuring these
biomarkers may aid in preventing and treating type 2 diabetes. To confirm these associations
and elucidate the potential mechanisms underlying the activities of antioxidant enzymes in
modulating the pathogenesis of type 2 diabetes, however, additional research with larger

sample size is required.

CONCLUSION

This study revealed that Type 2 Diabetes Mellitus (T2DM) is linked to increased oxidative
stress, evidenced by elevated MDA levels and reduced SOD and Catalase levels. These
changes in antioxidant defence mechanisms may serve as early indicators of T2DM
complications. The severity of hyperglycaemia, as reflected by higher HbAlc levels, is
associated with escalated oxidative stress in T2DM. Regular monitoring of glycemic status
may help mitigate oxidative stress and potentially delay diabetic complications. However,
further research is necessary to validate the relationship between oxidative stress markers and

antioxidant enzyme activity in newly diagnosed individuals with T2DM.
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