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Antioxidant enzymes are proteins that play a critical 
role in protecting the body from the harmful effects of 
free radicals.1,2 Reactive oxygen species (ROS) are chem-
ically reactive molecules that are generated as a byprod-
uct of various cellular processes, including mitochon-
drial oxidative metabolism.3 Excessive levels of ROS can 
cause damage to cells. Hydroxyl radical (OH), hydrogen 
peroxide (H2O2) and superoxide (O2–) are some of the 
most common ROS generated in cells.4
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Objective: To investigate the antioxidant enzyme status in biological samples of patients with 
oral squamous cell carcinoma (OSCC) and compare them with biological samples of healthy 
people through a systematic review and meta-analysis.
Methods: Antioxidant enzymes of catalase (CAT), sodium dismutase (SOD) and glutathione 
peroxide (GPx) were included in the analysis. A literature search was conducted of the PubMed, 
Science Direct, Scopus, Web of Science and Wiley Online Library databases for studies published 
between January 1999 and December 2022. A total of 831 articles were selected, of which 131 
were found to be relevant. Finally, the full texts of 12 studies were screened and included. Stud-
ies that evaluated other antioxidant enzymes were excluded. Standardised mean difference 
(SMD) was derived to conduct a meta-analysis using comprehensive meta-analysis v3 (Biostat, 
Englewood, NJ, USA). A random effects model with 95% confidence interval (CI) was used to 
estimate the effect size. P < 0.05 was considered significant.
Results: CAT levels were measured in eight studies (n = 567) and the mean values for the OSCC 
and control groups were 4.81 ± 2.57 and 10.02 ± 1.81, respectively (SMD 3.18, 95% CI 1.01 to 
1.42; P = 0.001). SOD level was evaluated in 11 studies (n = 762) and the values for the OSCC 
and control groups were 3.78 ± 1.45 and 7.34 ± 1.79, respectively (SMD 3.66, 95% CI 1.51 to 
1.94; P = 0.001).  GPx level was evaluated in 10 studies (n = 697) and the values for the OSCC 
and control groups were 13.33 ± 1.42 and 16.54 ± 2.9, respectively (SMD 1.91, 95% CI 1.34 to 
1.77; P = 0.001). The heterogeneity between the studies was severe (I2 ≥ 90%). The risk of bias 
between studies was low to moderate.
Conclusion: Analysis revealed that the levels of antioxidant enzymes decreased in biological 
samples of patients with OSSC as compared to healthy controls. Understanding the pathological 
progress of OSCC by analysing the level of antioxidant enzymes is beneficial in formulating a 
personalised, targeted pro-oxidant therapy for cancer treatment. 
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The cellular antioxidant system in mammalian cells 
is composed of various enzymes that work together to 
protect cells from the harmful effects of oxidative stress. 
These enzymes include catalase (CAT), copper/zinc-
containing superoxide dismutase (CuZn-SOD), manga-
nese-containing superoxide dismutase (Mn-SOD) and 
glutathione peroxidase (GPx).5 Oxidative stress occurs 
when there is an imbalance between the production of 
ROS and the ability of cells to detoxify them.6 There is 
growing evidence to suggest that oxidative stress and 
ROS can contribute to the development of cancer.7

Cancer is a group of diseases characterised by the 
abnormal growth and division of cells that can invade 
and destroy surrounding tissues.8 Oral cancer is a ser-
ious disease that affects a significant number of people 
worldwide. It is estimated that around 3% of the world’s 
population is affected by oral cancer.9 It is responsible 
for a high mortality rate and predominantly occurs in 
men.10 Smoking, tobacco use, areca nut chewing and 
alcohol consumption are among the well-known risk 
factors for oral cancers. In the context of oral carci-
noma, studies have suggested that ROS play a role in 
the development and progression of the disease. For 
example, ROS levels have been shown to be higher in 
oral cancer cells compared to normal oral cells.11-13

However, many studies have suggested that the ac-
tivity levels of SOD, GPx and catalase are associated 
with the prognosis of cancer, including oral cancer.14,15 

Reactive nitrogen species (RNS) are produced by the 
body’s immune system in response to infection or 
inflammation. The levels of RNS and nitrosamines are 
increased in patients with oral squamous cell carcino-
ma (OSCC), a type of oral cancer.16 Hence, this analysis 
is focused on gathering the existing information on 
the expression status of relevant antioxidant enzymes 
of CAT, SOD and GPx in the tissues of OSCC. It was 
hypothesised that antioxidant enzymes play a role in 
pathogenesis samples of OSCC as compared to healthy 
tissue. By analysing the gathered data, the present 
authors aimed to investigate the potential association 
between antioxidant enzyme expression and OSCC de-
velopment and progression. This study is expected to 
be useful in providing key information for future treat-
ment and management of oral cancer.

Materials and methods

This systematic review and meta-analysis was con-
ducted according to the population (samples with OSSC 
positive patients), intervention/exposure (enzymes CAT, 
SOD and GPx), controls (samples from normal tissue 
from the same patients) and outcomes (levels of anti-

oxidant enzymes (PIECO) strategy. It was conducted 
through the assessment of the relevant literature.

Databases and search engine

The study protocol was performed strictly adhered to 
the Preferred Reporting Items for Systematic reviews 
and Meta-Analysis (PRISMA) guidelines.17 The Pub-
Med, Science Direct, Scopus, Web of Science and Wiley 
Online Library databases were searched for literature 
published between January 1999 and December 2022. 
A total of 12 case-controlled and cohort studies were 
included to investigate the status of antioxidant enzyme 
levels in patients with OSCC. Including studies that 
compare OSCC patients with healthy controls is also im-
portant to establish potential differences in antioxidant 
enzyme levels that may be associated with the develop-
ment or progression of OSCC. The MeSH terms used in 
the literature search included “carcinoma, squamous 
cell”, “mouth neoplasms”, “squamous cell carcinoma 
of head and neck”, “antioxidants enzymes and “path-
ology, oral”. All studies discussing the role of antioxidant 
enzymes in OSCC and the control group were shortlisted 
and identified based on abstract and title screening. The 
relevant studies and abstracts were saved in Mendeley 
Web to have a proper reference.

Eligibility criteria

The inclusion criteria were case-control and cohort 
studies that evaluate the association between antioxi-
dants and OSCC. Additionally, the criterion for includ-
ing studies with sufficient data for calculating 95% 
confidence interval (CI) is important to ensure that the 
analysis was based on robust and reliable data. The fol-
lowing characteristics were extracted from each study: 
main author, publication year, sample size, level of 
antioxidant enzymes (catalase, sodium dismutase, glu-
tathione peroxidase) and measurements in biological 
samples of OSCC patients and the control group. Articles 
not published in English or on unrelated topics, cadav-
eric studies and reviews, studies that did not include 
the three antioxidant enzymes CAT, SOD or GPx and 
measurement standards that were not the same were 
all excluded.

Antioxidant enzyme levels were assessed by poly-
merase chain reaction (PCR), DNA analysis and immu-
nohistochemistry. These tests are extremely reliable.9,11 
All the studies were analysed fully, including the meth-
odology and variables to be measured. After evaluating 
all the features, the authors reviewed them against the 
search criteria. All the shortcomings of studies were 
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evaluated by entering values in the Newcastle-Ottawa 
quality assessment scale (NOS). The data were collected 
and tabulated separately in the specified format.

Data extraction and outcomes

Levels of antioxidant enzymes and their mean ana-
lysis were the outcomes, whereas study design, age 
range, sex, sampling technique, sample size and their 
P values were extracted from articles and tabulated in a  
separate table for detailed analysis.

Data collection and assessment

Two independent reviewers (ZN and FF) were involved 
in the literature review process. They independently 
reviewed the full texts of studies that passed the initial 
screening process, extracting relevant data from each 
one. Any disagreement between these two investiga-
tors was resolved through discussion with a third au-
thor. Duplicate references were eliminated using man-
ual reference management software Mendeley to save 
time and reduce the risk of errors. The NOS was used 
to assess the quality of the studies.18 The NOS is divided 
into three sections, which assess the quality of a study’s 
selection, comparability and outcome investigation. It 
assigns points or stars for each question in each section 
of the scale. For cohort studies, a score of up to 3 is cat-
egorised as high risk of bias, a score between 4 and 6 is 
classed as moderate risk of bias, and a score between 7 
and 9 is categorised as low risk of bias. For cross-section-
al studies, a score of up to 4 is categorised as high risk 

of bias, a score between 5 and 6 is classed as moderate 
risk of bias, a score between 7 and 8 is deemed low risk 
of bias, and a score between 9 and 10 is categorised as 
very low risk of bias.

Data synthesis

The standardised mean difference (SMD) was used in 
the meta-analysis to pool the results of studies that had 
reported outcomes using different measurement scales 
or units. It was calculated by dividing the difference 
in means of the two groups by the pooled standard de-
viation. For SMD, statistical software Comprehensive 
Meta-Analysis v 3.0 (Biostat, Englewood, NJ, USA) was 
used.19 SMD was employed to compare the levels of 
CAT, SOD and GPx biomarkers between patients with 
OSCC and a control group with an effect size of 95% CI. 
A random-effects model was used to account for signifi-
cant heterogeneity with I2, Q test and T-squared values 
among the studies in this analysis. Prediction intervals 
with forest plots and publication bias with funnel plots 
was used. Studies with the same values of CAT, SOD and 
GPx in similar units were included.

Results

A total of 831 studies were gathered using the search 
strategy, including 339 from PubMed, 166 from Science 
Direct, 200 from Google Scholar, 110 from Scopus and 16 
from Wiley Online Library. After screening of abstracts 
and titles, 700 studies that did not meet the inclusion 
criteria were excluded. The full texts of all the remain-

Id
en
tifi

ca
tio
n

Sc
re
en
in
g

E
lig
ib
ili
ty

In
cl
ud
ed

Studies selected: Google Scholar (200), 
PubMed (339), Science Direct (166), 
Scopus (110), Wiley Online (16)

Total studies analysed (831)

Studies for 
qualitative analysis 
(12, Systematic 
review)

Studies for 
quantitative 
analysis (12, 
Meta-analysis)

Full studies analysed (131)

Studies eligible for review (12)

Methodology not matched 
(100), Studies qualities not 
fit for review (19)

Abstract not  
matched (700)

Fig 1  Study selection: PRISMA flowchart.
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ing 131 studies relevant to the present studies were 
screened. Finally, only 12 studies had data compatible 
with a meta-analysis (Fig 1).

All study characteristics and the levels of CAT, SOD 
and GPx in various biological samples are presented in 
Table 1.20-31 The NOS was used to assess the quality of 
the studies (Table 2).20-31 

The biological samples of CAT levels in eight studies 
(n = 567) were reported. The mean values for the OSCC 
and control groups were 4.81 ± 2.57 and 10.02 ± 1.81, 
respectively. The overall SMD in the random model was 
3.18 (Z = 4.92, 95% CI 1.01 to 1.42; P = 0.0001). There was 

severe heterogeneity between the studies (I2 = 96.3%, 
Q = 188.47, τ2 = 3.01, variance 5.41; P = 0.0001). There 
was an increase in CAT level in all studies with respect 
to CAT activity (Fig 2). The study publication bias was 
measured in a funnel plot (Fig 3).

The level of SOD was evaluated in 11 studies (n = 762). 
The mean values for the OSCC and control groups were 
3.78 ± 1.45 and 7.34 ± 1.79, respectively. The overall 
level of SOD in biological samples showed an SMD in 
the random model of 3.66 (Z = 4.10, 95% CI 1.51 to 1.94; 
P = 0.001). There was severe heterogeneity between the 
studies (I2 = 98.2%, Q = 556.37; τ2 = 8.42, variance 28.11; 

Table 1  Study characteristics and level of CAT, SOD and GPx in different biological samples. 

Study Country Study  
design

Sex Age 
range 
(y)

Sam-
ple 
size

Sample 
type

Unit OSCC, mean ± SD Healthy, mean ± SD P value

Subapriya  
et al20 India Cohort M 8, F4 45–60 12

Erythrocyte-
lysate

µmole/s/
mg Hb

CAT 1.89 ± 0.12; 
SOD 1.53 ± 0.22; 
GPx 8.62 ± 0.08

CAT 2.77 ± 0.26; 
SOD 3.63 ± 0.35; 
GPx 11.63 ± 1.12

≤ 0.05

Beevi et al21 India Cohort
M 12, 
F 3

33–72 15 Erythrocyte
µmole/
mg/Hb

CAT 14.44 ± 1.63; 
SOD 10.07 ± 2.93; 
GPx 33.4 ± 1.38

CAT 33.63 ± 2.59; 
SOD 21.35 ± 2.80; 
GPx 13.80 ± 1.22

0.0001

Manoharan 
et al23 India

Case  
control

M 48, 
F 0

40–60 48
Erythrocyte-
lysate

µmole/
mg/Hb

CAT 1.22 ± 0.07; 
SOD 1.73 ± 0.09; 
GPx 15.24 ± 1.3

CAT 1.76 ± 0.12; 
SOD 2.29 ± 0.17; 
GPx 22.32 ± 1.86

≤ 0.01

Kalayci et al22 Turkey
Case  
control

M 14, 
F 6

40–76 20 Tissue
U/mg  
protein

SOD 0.76 ± 0.02; 
GPx 1.89 ± 1.71

SOD 0.86 ± 0.02; 
GPx 0.17 ± 0.11

≥ 0.05

Sharma  
et al24 India Cohort

M 102, 
F 18

40–60 120 Blood U/ml
SOD 3.92 ± 1.75; 
GPx 0.03 ± 0.62

SOD 3.11 ± 1.95; 
GPx 0.02 ± 0.02

0.001

Srivastava  
et al25 India

Case  
control

M 27,  
F 13

38–85 40 Blood u/g Hb
CAT 1.30 ± 0.02; 
SOD 1.45 ± 0.11; 
GPx 0.03 ± 0.62

CAT 1.95 ± 0.49; 
SOD 2.28 ± 0.30; 
GPx 0.02 ± 0.02

≤ 0.001

Shilpasree  
et al26 India

Case 
control

M 15,  
F 15

40–70 30 Tissue
nmol/
min/mg

CAT 0.22 ± 0.31; 
SOD 1.57 ± 0.14; 
GPx 7.72 ± 3.96

CAT 0.59 ± 0.04; 
SOD 2.91 ± 0.35; 
GPx 19.70 ± 1.49

≤ 0.0001

Sehitogulları 
et al27 Turkey

Case  
control

M 23,  
F 42

50–70 65 Serum U/ml
SOD 7.39 ± 2.62; 
GPx 22.05 ± 2.73

SOD 25.01 ± 2.83; 
GPx 47.32 ± 3.75

0.05

Banerjee  
et al28 India

Case  
control

M 25, 
F 5

25–50 30 Tissue mg/min CAT 2.00 ± 2.09 CAT 6.40 ± 0.29 0.0001

Babiuch  
et al29 Poland

Case  
control

M 20,  
F 20

25–70 40 Saliva U/ml
SOD 7.07 ± 5.30; 
GPx 20.53 ± 0.73

SOD 2.36 ± 2.42; 
GPx 15.00 ± 17.00

0.001

Shahi et al30 India
Case  
control

M 86,  
F 34

26–68 120 Blood U/min/ml
CAT 14.70 ± 9.80; 
SOD 4.60 ± 2.24

CAT 29.00 ± 9.20; 
SOD 10.80 ± 7.40

≤ 0.005

Sushma  
et al31 India

Case  
control

M 125, 
F 75

26–70 200 Serum
U/100 mg 
protein

CAT 2.71 ± 6.51; 
SOD 1.49 ± 0.49; 
GPx 10.70 ± 0.73

CAT 4.03 ± 1.48; 
SOD 6.10 ± 1.12; 
GPx 13.80 ± 1.25

≤ 0.005

The Granularity-Related Inconsistency of Means (GRIM) test is used to identify potential errors or inconsistencies in the reporting of 
means of CAT, SOD and GPx markers in the selected studies.
CAT level was measured in eight studies. In five studies,21,26,28,30,31 the statistical means were inconsistent. SOD level was measured 
in 11 studies (Table 1). The GRIM statistical test showed that three studies24,27,29 and the five abovementioned studies of CAT levels 
are inconsistent due to the differences in biological sample collection method and sample sizes.
GPx level was measured in 10 studies. The GRIM statistical test showed that statistical means were inconsistent in all studies.
Thus, there is the possibility of publication bias between studies in which statistical means were inconsistent.
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Table 2  Quality of studies assessed using the NOS.

Selection Comparability Exposure

Study 
Case 
defini-
tion

Case 
repre-
sents

Control 
selec-
tion

Control 
defini-
tion

Known 
cont. factor

Poten-
tial cont. 
factor

Secure 
patient

Interviewer 
blinded to case 
and control

Similarity 
case and 
control

No  
response

Total

Subapriya et al20 1 1 1 1 NA NA 1 NA 1 NA 6
Beevi et al21 1 1 1 NA 1 NA 1 NA NA NA 5
Kalayci et al22 1 1 1 1 NA NA 1 NA 1 NA 6
Monohara et al23 1 1 1 NA NA NA 1 NA 1 1 6
Sharma et al24 1 1 1 1 1 NA 1 NA 1 1 8
Srivastava et al25 1 1 1 1 NA 1 1 NA 1 1 8
Shilpasree et al26 1 1 1 1 NA NA 1 NA 1 1 7
Sehitogulları et al27 1 1 1 1 1 1 1 NA NA 1 8
Banerjee et al28 1 1 1 1 NA NA 1 NA 1 1 7
Babiuch et al29 1 1 1 1 NA NA 1 NA NA 1 6
Shahi et al30 1 1 1 1 NA NA 1 NA 1 1 7
Sushma et al31 1 1 1 1 NA NA 1 NA 1 NA 6

Note: For cohort studies, the NOS classes a score of up to 3 as high risk of bias, a score between 4 and 6 as moderate risk of bias, 
and a score between 7 and 9 as low risk of bias. For cross-sectional studies, the NOS classes a scoreof up to 4 as high risk, a score 
between 5 and 6 as moderate risk of bias, a score between 7 and 8 as low risk of bias, and a score between 9 and 10 as very low risk 
of bias. NA, not available.

Fig 2  Forest plot showing weighted mean/relative weight (random) and 
SMD estimates with 95% CI for the differences in CAT levels between the 
OSCC group and the healthy control group. To estimate the variance of true 
effect size between the studies, τ2 was applied (value: 3.01).

Fig 3  Publication bias between the studies. The funnel 
plot shows that only three studies were significant, per-
haps due to the inconsistencies between the biological 
sample types and  means of the studies. The margin of 
error was 10% between the studies’ level of publication 
bias.
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P = 0.0001). The level of SOD was significantly decreased 
in biological samples with OSSC compared to healthy 
ones (Fig 4). The study publication bias was measured 
in a funnel plot (Fig 5).

The GPx level was calculated in 10 studies (n = 697). 
The mean for the OSCC and control groups was 13.33 
± 1.42 and 16.54 ± 2.90, respectively. There was a sig-
nificant decrease in GPx levels in biological samples 
with OSSC. The overall SMD in GPx level in the random 
model was 1.91 (Z = 2.13, 95% CI 1.34 to 1.77; P = 0.03). 
There was severe heterogeneity between the stud-
ies (I2 = 98.1%, Q = 471.57, τ2 = 7.50, variance 29.96, 
P = 0.0001); however, the GPx level was significantly 
decreased in biological samples with OSCC compared 
to healthy ones (Fig 6). The study publication bias was 
measured in a funnel plot (Fig 7).

The high heterogeneity in this meta-analysis showed 
I2 values of CAT 96.3, SOD 98.2 and GPx 98.1 (Figs 2, 4 
and 6). The different methods used in reporting stud-
ies to measure antioxidant enzyme levels could be the 
reason for high heterogeneity. When meta-regression 
analysis was performed on sample size and types, insig-
nificant R2 (9%, P = 0.211) was recorded.

The R2 value was very low and insignificant in the 
meta-regression model, and indicates that the sample 

size and types of samples were also potential reasons 
for heterogeneity.

Discussion

This study investigated the role of antioxidant enzymes 
in OSCC. A total of 12 studies were included in the ana-
lysis. Most of the studies reported that the statistical 
means of CAT, SOD and GPx levels in biological sample 
were inconsistent. The combined analysis of the studies 
of antioxidant enzymes is considered severely heterog-
enous. The overall quality of the evidence is “average 
to good".

Oxidative stress occurs when there is an imbalance 
between the production of ROS and the body’s ability 
to counteract or repair the damage caused by them.32 
Prolonged exposure to oxidative stress and sustained 
inflammation can lead to the accumulation of genetic 
damage, which can increase the risk of cancer devel-
opment. This is because oxidative stress can cause 
damage to DNA and other cellular components, and if 
the damage is not repaired or removed, it can accumu-
late over time and lead to genetic mutations and other 
changes that contribute to cancer initiation.33 ROS are 
associated with high free radicals and reactivity that are 

Fig 4  Forest plot showing weighted mean/relative weight (random) and 
SMD estimates with 95% CI for the differences in SOD levels between the 
OSCC group and the healthy control group. To estimate the variance of true 
effect size between studies, τ2 was applied (value: 8.42).

Fig 5  Publication bias between the studies. The fun-
nel plot shows that only three studies were significant, 
perhaps due to the inconsistencies between the means 
of the studies. The margin of error was 10% between the 
studies’ level of publication bias.
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involved in different processes, especially in the initia-
tion and promotion of OSCC.34 A network of antioxidant 
enzymes controls the cellular maintenance of the redox 
system. Amongst the enzymes, the most common are 
CAT, SOD and GPx.35 Despite the existence of diverse 
protection mechanisms against oxidant injuries, redox 
homeostasis is altered within tumour cells. Excessive 
ROS production is associated with alteration of gene 
expression and genetic instability, favouring cancer cell 
proliferation.36

In the present study, levels of CAT, SOD and GPx 
were analysed in different biological samples taken 
from patients with OSCC and healthy patients. In a 
study performed by Subapryia et al,20 the activity of 
CAT, SOD and GPx was decreased by 58%, 33% and 
59%, respectively, in preoperative OSCC patients as 
compared to normal subjects. The findings showed 
that an imbalance in the redox status of patients with 
oral cancers may be due to the compromised anti-
oxidant levels. Decreased levels of CAT, GPx and SOD 
in erythrocyte lysate of oral cancer patients as com-
pared to healthy patients has also been reported.21,23 
Furthermore, GSH-Px levels were reported to increase 
significantly in cancerous patients’ tissue as compared 
with cancer-free tissues (P ≤ 0.05), whereas an insig-

nificant difference was reported between SOD activi-
ties (P ≥ 0.05).22,23 

Overall, a decline in the enzymatic and non-enzy-
matic antioxidant enzyme level in oral cancer patients 
has been a common finding in various studies.21-24 
Antioxidant levels decreased gradually in oral cancer 
patients from stage II to stage IV.25 Further experi-
mental evidence also demonstrated a significantly 
low level (P = 0.001) of SOD and GPx in cancer patients 
compared to healthy patients.26 Similarly, the mean 
levels of antioxidant enzymes CAT, SOD and GPx were 
lower in study cases, and the difference was highly 
statistically significant.27,28 These findings suggest 
the presence of oxidative stress in oral cancer pa-
tients; however, analysis of correlation (r) showed a 
significantly negative correlation between antioxidant 
and pro-oxidant levels in patients (P ≤ 0.05).27 Hence, 
it is postulated that OSCC is closely associated with 
a marked increase in oxidative stress and a decrease 
in antioxidant enzyme activities.28 On a similar note, 
a decrease in antioxidant level was reported in the 
blood of patients diagnosed with OSCC as compared 
with healthy controls (P ≤ 0.001).26 Meanwhile, GSH 
showed a significant positive correlation with SOD (P ≤ 
0.001), GPx and CAT (P ≤ 0.01).26 Likewise, oral cancer 

Fig 6  Forest plot showing weighted mean/relative weight (random) and 
SMD estimates with 95% CI for the differences in GPx levels between the 
OSCC group and the healthy control group. To estimate the variance of true 
effect size between studies, τ2 was applied (value: 7.50).

Fig 7  Publication bias between the studies. The funnel 
plot shows that no studies were significant, perhaps 
due to the inconsistencies between the mean data of 
the studies. The margin of error was 10% between the 
studies’ level of publication bias.
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patients demonstrated significantly reduced levels of 
SOD and GPX (P ≤ 0.005), with no significant difference 
observed with regard to catalase level.31 The findings 
further suggested the role of superoxide dismutase and 
glutathione peroxides in the progression and develop-
ment of oral carcinogenesis.31 

However, in a different study performed on OSCC 
samples, post-hoc analysis showed that patients with 
OSCC had a markedly increased level of SOD compared 
with the control groups.30 Different approaches have 
been used by researchers to evaluate the amount of 
SOD, GPX and catalase in diverse biological samples, 
which may have different results. The majority of the 
OSCC group patients in those studies were categorised 
using various clinical staging methods and histological 
grading systems. Future research intending to evalu-
ate the impact of oxidative stress on tumours should 
consider these details in the OSCC group’s antioxidant 
enzymes assessment. 

Limitations

This analysis has several limitations. The Begg test failed 
to find a statistically significant publishing bias. It was 
also challenging to compare the research to determine 
the relationship between the results due to the wide 
variety of sample sizes in the different studies. Further 
analysis of the effect of antioxidant enzymes on tumour 
tissue should be carried out to better understand the 
relationship between the different treatments and out-
comes. Biological samples should be preferred as they 
experience the greatest enzymatic changes in patients 
with tumours compared to normal samples.

Conclusion

The majority of investigations showed that individuals 
with OSCC had significantly lower antioxidant levels 
than healthy controls. Antioxidant enzymes are possible 
biomarkers for oxidative stress and a reliable prognostic 
predictor of OSCC. 
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