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Introduction
Oral submucous fibrosis (OSMF) is a chronic, insidious, 
and progressive disease characterized by fibro-elastic 
changes in the mucosa that leads to trismus. OSMF is one 
of the most frequently occurring, potentially malignant 

disorders of South-East Asian descent.1 It has also been fre-
quently reported in Europe and North America.2 In India, 
the reported incidence rate of OSMF is four per 1,000 adults. 
About 5 million young Indians suffer from OSMF.3 The dis-
ease is multifactorial in origin. Tobacco smoking and areca 
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Objective This study aimed to evaluate the oxidative stress (OS) marker 
Malondialdehyde (MDA) in oral submucous fibrosis with available literature.
Materials and Methods We conducted a literature search electronically in PubMed 
(MeSH), Science Direct, Scopus, and Google Scholar using specific keywords.
Results A systematic search in PubMed, Science Direct, and Google Scholar identi-
fied 334 articles. Of these, four were duplicate reports, and three were animal stud-
ies. After reading the abstracts of the collected articles, 288 articles were excluded 
for the following reasons: low quality, not relevant to the research question, or did 
not meet the inclusion criteria. The remaining 46 articles were chosen for full-text 
assessment. Finally, the present qualitative synthesis included 23 articles for evalua-
tion. The selected studies in MDA analysis in a random-effects model showed higher 
heterogeneity (Q = 477.636, p < 0.001, I2 = 95.394%). The standard difference in mean 
MDA concentration between oral submucous fibrosis (OSMF) and healthy subjects was 
estimated as 2.73 nmol/mL (95% confidence interval: 2.08–3.38).
Conclusion The selected studies showed significantly higher MDA levels in various bio-
logical samples of patients with OSMF. Therefore, further studies are needed to estimate 
oxidative stress levels by using different biomarkers in OSMF to direct future therapy.
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nut consumption are the primary causatives for oral sub-
mucous fibrosis.4 A recent rise in the incidence of this dis-
order, especially in the younger group, was reported in the 
literature even after a short period of betel quid chewing. 
The other factors responsible for the pathogenesis of OSMF 
include ingestion of chilies, deficient nutrition, genetic 
contribution, altered salivary constituents, autoimmu-
nity, and collagen disorders.5 Current evidence supports 
collagen-related genes’ role in the susceptibility and patho-
genesis of OSMF.6

Oxidative tissue damage and lower defense by antioxi-
dant enzymes could also be one of the causes. According to 
the literature, the biological matrix is continuously under 
oxidative stress (OS). Oxidative stress is a state that intro-
duces a high production of pro-oxidants or free radicals 
and a low level of antioxidants.7 Pro-oxidants are highly 
reactive oxygen species (ROS).8 Various ROS in our body is 
derived from oxygen or nitrogen.9 They are intermediate 
molecules and by-products formed due to a disturbance 
in the various biological cycles. Age and genetics cause 
adverse changes in free radicals’ production.10 Free radicals 
arise from the exogenous factors (e.g., X-ray, ozone expo-
sure, tobacco smoking, pollutants, pan chewing, and vari-
ous industrial chemicals) or from the endogenous factors 
of the normal metabolic process.11 The endogenous factors 
are mitochondrial reactions, xanthine oxidase activity, 
inflammation, phagocytosis, cyclooxygenase pathways, 
exercise, and ischemia-reperfusion injuries.12

The areca nut’s phenolic compounds cause local injury 
and release inflammatory mediators, ROS, and cytokines. 
ROS reaction with cellular molecules forms DNA adducts, 
activates oncogenes, and leads to the inactivation of tumor 
suppressor genes.13 ROS reaction with biological molecules 
results in membrane lipid peroxidation and protein mod-
ification. The altered molecules affect gene expression and 
thereby promotes mutagenesis and carcinogenesis.14

Several compounds and enzymes may function to protect 
cellular components from oxidative damages of ROS and OS, 
which are known as antioxidants.15 These antioxidants play dif-
ferent vital roles like a radical scavenger, an enzyme inhibitor, 
hydrogen or electron donor, peroxide decomposer, or a metal 
chelating agent.16 Enzymes such as superoxide dismutase, 
catalase, glutathione peroxidase, and glutathione reductase 
exhibit antioxidant activity. Other compounds that serve as 
antioxidants are vitamins A, C, and E; minerals such as Se, Cu, 
Mn, and Zn; glutathione; flavonoids; bilirubin; and uric acid.9

In a healthy human, adequate balance is maintained 
between oxidants and antioxidants. A shift in the ratio toward 
pro-oxidants gives rise to OS.17 The excessive and frequent 
areca nut ingestion and tobacco exposure accelerate ROS 
production. Antioxidant enzymes counter the formed free 
radicals resulting in deprivation in antioxidant levels.18 Thus, 
the imbalance resulting from excessive ROS production by 
oxidative phosphorylation and suppression of antioxidant 
capacity generates OS, which may initiate and propagate 
fibrosis of the oral mucosa. Besides which also increases 
cytotoxicity and the chances of malignant transformation 
of potentially malignant disorders.19,20 The rate of malignant 

transformation of OSMF into oral squamous cell carcinoma is 
approximately estimated as 7.6%.2 Thus, the OS in the target 
cells and tissues has been suggested to play an essential role 
in progression of oral submucous fibrosis.21

Lipid peroxidation of polyunsaturated omega-6 acyl group 
fatty acids by free radicals elevate the level of Malondialde-
hyde (MDA).22,23 Hence, the estimation of lipid peroxidation 
marker MDA in oral submucous fibrosis may serve as a bio-
marker to analyze the OS and disease progression.

Materials and Methods

Electronic Search Identification
We searched the electronic databases, including PubMed 
(MeSH), Science Direct, Scopus, and Google Scholar, for previ-
ously published articles that addressed the OS in oral submu-
cous fibrosis using MDA levels between the years 2000 and 
2020. We selected works only in English, using the following 
keywords such as oral submucous fibrosis, oxidative stress, and 
malondialdehyde.

Screening for Relevance
We identified the articles that discussed OS in OSMF. We 
shortlisted the titles and abstracts of all the collected materi-
als for the screening of relevance and duplication.

Exclusion Criteria
Articles with unmatched objective and abstract:

 • Being literature reviews and systematic reviews
 • The studies included OSMF within the premalignant 

group without specific data for OSMF
 • Studies used other OS markers and antioxidant enzymes 

or micronutrients as a marker of evaluation
 • The works provided inadequate data for the comparison 

between control and OSMF groups

Retrieval of Full-Text Articles and Evaluation
Three observers independently evaluated all the presenta-
tions against the following criteria: selection bias, missing 
data or incomplete data, specification of data, imprecision 
(e.g., small sample size), quality measures (e.g., ethics 
approval, funding, and conflicts of interest statement) and 
other limitations. After assessing all the particulars, we 
have considered the articles for eligibility criteria.

Inclusion Criteria
 • Studies discussed the oxidative status of OSMF using lipid 

peroxidation marker MDA
 • Studies involving various biological samples and expressed 

the MDA data in mean, standard deviation along with p-value
 • Papers provided sufficient data to allow comparison of 

OSMF and control groups
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Data Extraction

The extracted data from full-text articles were author, publi-
cation year, age groups, sample size, MDA measurements in 
OSMF, and control group expressed as the mean and stan-
dard deviation along with specific units. We tabulated all the 
collected data separately in a specified format (►Table  1). 
The statistical analysis was performed by comprehensive 
meta-analysis software for windows.

Statistical Analysis

The Forest plot was derived by using the standard differ-
ence in the mean method to carry out a meta-analysis using 
comprehensive meta-analysis software version 3 (Biostat 
Inc.; Englewood, New Jersey, United States). The standard 
difference in the mean value of MDA in OSMF was analyzed 
at a 95% confidence interval (CI). The random-effects model 
was used in the analysis due to the presence of significant 
heterogeneity.

Results

From the methodology used, we retrieved 334 articles. 
PubMed search yielded 193 papers, Science Direct search 
yielded 35 papers, and Google Scholar search yielded 
106 papers. After search refinement, 281 articles had 
unmatched titles and abstracts, four duplicated data reports 
and three articles were animal studies. After extraction of 
these articles, 46 articles had their titles relevant to the pres-
ent work. Again we excluded the articles with unmatched 
objectives (n = 13), systematic reviews (n = 2), and reviews 
(n = 3). We recovered 28 full-text articles with matching 
objectives. In the refined evaluation, we excepted the arti-
cles had not provided adequate data for comparison (n = 3). 
Therefore, we included only 25 articles, which forms the 
basis for the present work (►Fig. 1).

Of the 25 research articles, 23 articles were appropriate to 
the study of MDA in OSMF cases. In total, 23 included studies 
of MDA analysis in a random-effects model showed higher 
heterogeneity (Q = 477.636, p < 0.001, I2 = 95.394%). The stan-
dard difference in mean MDA concentration between OSMF 
and healthy subjects was estimated as 2.73 nmol/mL (95% CI: 
2.08–3.38; ►Fig. 2).

Publication Bias

The studies’ quality is considered by using the Newcastle- 
Ottawa quality assessment scale, as shown in ►Table  1. 
Examining the funnel plot of precision by the standard dif-
ference in mean of studies included in the MDA estimation 
meta-analysis displayed a certain asymmetry, as shown in 
►Fig.  3. The heterogeneity is exposed by the high I2 value 
(95.394%).

Discussion
ROS-mediated lipid peroxidation leads to changes in the 
functional and structural integrity of the cell membrane. 
The malondialdehyde, a lipid peroxidation product, plays an 
essential role in promoting the malignant transformation.24  
MDA helps collagen cross-linking by providing its alde-
hyde group to lysine and helps in lysine to lysine bridging 
in the presence of enzyme lysyl oxidase. The MDA-collagen 
cross-link complex will still contain a free reactive alde-
hyde group capable of reacting to different intermolecular 
cross-links. Hence, MDA facilitates inter- and intramolecular 
collagen cross-linking that stiffens the tissues and reduces 
their function.25 Levels of malondialdehyde have been 
recently correlated with clinical grades of oral submucous 
fibrosis.26 The altered states are expressed in various bio-
logical components like serum, plasma, tissue, and saliva.27  
Thus, MDA assessment can be used as a reliable marker to 
assess tissue damage in pathological conditions such as 
OSMF. Hence, the present meta-analysis is considered to eval-
uate literature to analyze lipid peroxidation product (MDA) in 
various samples of patients diagnosed with oral submucous 
fibrosis and to compare with the healthy subjects.

The comprehensive meta-analysis of research articles in 
the present study included 772 patients diagnosed with OSMF 
and 760 healthy volunteers for MDA analysis. The included 
studies had found a statistically significant increase in 
serum MDA levels in OSMF patients compared with controls 
(p < 0.001).1,18,20,22,26,28,29,30,31,32,33,34,35,36,37,38 Similarly, other stud-
ies also observed a significant difference p-value <0.014 and 
p-value <0.05.39,40 A few studies have also reported signifi-
cantly higher salivary MDA levels in OSMF compared with 
healthy subjects (p < 0.001).41,42,43,44 The evaluation of tissue 
and mitochondrial MDA level also showed a significant rise in 
OSMF patients than the control group (p < 0.001).1,45 However, 
two included studies expressed that the increase of blood 
MDA level was insignificant (p > 0.05).41,46

Further analysis showed a progressive increase in the serum 
MDA level when the clinical stage of OSMF advances.1,26 The 
difference in levels of MDA between the advancing stages was 
statistically significant (p < 0.001)26,31 and (p < 0.05)37,38 within 
all the clinical grades according to severity. The progres-
sively increasing salivary malondialdehyde level was asso-
ciated with a higher risk of mouth opening reduction 
among patients with OSMF.44 Akhlaq et al44 identified a 
strong negative correlation between mouth opening (mm) 
and malondialdehyde (−0.816). Another two studies dis-
played the increase in mean plasma MDA level was insig-
nificant between clinical stages II and III.20,29 Divyambika 
et al36 stated that salivary lipid peroxides level was correlat-
ing with the severity of mouth opening, fibrosis, and histo-
logic grades of OSMF. Correlation analysis of lipid peroxides 
levels with histological grades showed a positive correlation 
(p < 0.01).36 The authors concluded that the lipid peroxida-
tion increases with the disease severity, reflecting the extent 
of tissue injury.5,20,26,30,39 Shetty et al1 reported that the tissue 
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levels of MDA were consistently higher in histological grades 
1 and grade 2 OSMF but decreased in grade 3 compared with 
controls. The resultant decrease of tissue MDA in the late 
advanced grade might be due to increased malondialdehyde 
utilization in collagen cross-linking.1,32,38 The alteration of 
MDA level may reflect tissue changes at a cellular level and 
aid in the early diagnosis of the condition.47

However, Metkari et al26 reported that the observed 
difference in MDA levels between different OSMF histo-
pathological grades was statistically insignificant (p > 0.05). 
Sakunthala et al22 study did not show a significant difference 
in serum MDA levels concerning clinical and histopatho-
logical grading. Since OSMF may affect various parts of the 
oral cavity to a different extent, Metkari et al26 concluded 
that localized tissue histopathological examination did not 
reveal significant changes.

The present work displayed significantly higher lipid 
peroxidation in patients with OSMF. The standard dif-
ference in mean MDA concentration between OSMF and 
healthy subjects was estimated as 2.73 nmol/mL (p < 0.001, 
95% CI: 2.08–3.38). Only a few studies revealed clinical and 
histopathological grade-wise analysis; hence, a stage or 
grade wise comparison was not performed. Therefore, it is 
vital to discover suitable biomarkers for the early diagnosis 
of the disease. The oxidant status assessment might help in 
the successful management by recognizing the earlier con-
dition and avoiding the possible consequences of malignant 
transformation of OSMF.

Limitations
A limitation of the research is the relatively smaller sample 
size of many of the included studies in the meta-analysis. 
Besides, the reported studies utilized various measurement 
techniques and biological specimens (serum, plasma, saliva, 
and tissue) to assess MDA levels, resulting in ample hetero-
geneity between-study. Although we cannot determine with 
confidence that MDA levels are different between OSMF and 
healthy controls due to high heterogeneity, we express that 
the majority of the studies found significant differences sta-
tistically between OSMF patients and healthy controls.

Conclusion
The included studies in the present meta-analysis of MDA 
levels in OSMF showed significant differences from nor-
mal healthy controls. Despite therapeutic and diagnostic 
advances, the rate at which oral precancerous and cancerous 
lesions spread is alarming. Until now, there are no poten-
tial markers to understand the malignant transformation of 
potentially malignant disorders. The detection of biomarkers 
may also help to monitor the drug response of the disease. 
Additional research of large-scale studies, with equal distri-
bution of samples among different grades of OSMF, is needed 
to assess the utility of MDA levels as a predictive biomarker 
tool with high validity and reliability.
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