
69PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2023, VOL. 12 (04) DOI: https://doi.org/10.36283/PJMD12-4/013

ORIGINAL ARTICLE OPEN ACCESS

Expression of Salivary HIF-1α Levels Among 
the Clinical Stages of Oral Submucous Fibrosis
Kanwal Iqbal1, Mervyn Hosein 1, Saima Akram Butt1, Fizza Abidi 1

1 Oral Pathology Department, Ziauddin University, Karachi, Pakistan

ABSTRACT

Background: Oral Submucous Fibrosis (OSMF) is defined as severe submucosal fibrosis and 
decreased vascularity, resulting in a compromised blood supply leading to hypoxia of tissues. The 
key biomarker involved is Hypoxia Inducible Factor-1α (HIF-1α). The objective of this research was to 
analyze the expression of HIF-1α in saliva samples of individuals across the clinical stages of OSMF 
and healthy controls.

Methods: This case-control study consisted of 120 participants, 60 patients had different clinical 
stages of OSMF and 60 healthy controls. Samples of saliva were collected and quantification of 
salivary samples was done using ELISA. Kolmogorov-Smirnov test assessed data normality. Kruskal 
Wallis test was applied to assess the association between salivary HIF-1α levels and clinical stages of 
OSMF. The Kendall Tau correlation test was used to assess the relationship between different stages 
of OSMF and salivary HIF-1α levels.

Results: The comparison of HIF-1α expression in different stages of OSMF and healthy controls was 
done. In comparison, it was found that HIF-1α expression increased significantly (p=0.00) in patients 
than controls. The expression was increased with stages, stage I (16.84 ± 9.74), stage II (19.51 ± 7.99), 
stage III (24.43 ± 7.49), and stage IV (28.92 ± 5.12), respectively. The odd ratio indicates for every 
progressive stage, the odds for high salivary HIF-1α levels increase by 1.63 times.

Conclusion: Levels of salivary HIF-1α showed increased expression with the progressive stages of 
OSMF. This variation in the levels of salivary HIF-1α suggests its possible role as an early non-invasive 
detective marker in the assessment of disease progression.
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INTRODUCTION
OSMF is a high-risk precancerous condition with a 
malignant transformation rate of about 7 to 30%, 
with a prevalence of about 0.03% to 6.42% 1. OSMF is 
differentiated by severe fibrosis of the lamina 
propria and deeper connective tissues of the oral 
mucosa2. More than 5 million people worldwide are 
suffering from OSMF according to the World Health 
Organization (WHO)3. Areca nut is a significant risk 
factor for OSMF as it has been identified in several 
studies4. Pakistan is one of the Southeast Asian coun-
tries with widespread use of areca nut and smoke-
less chewable tobacco. Due to these products 
being freely available in Pakistan, it increases OSMF 
incidence in this country5. According to a study 
done in rural Sindh, Pakistan, consumers of areca 
nuts and associated products were more likely to 
have OSMF. Additionally, studies on teenagers have 
documented an association between OSMF and 
areca nut usage, showing that 50- 79.6% of users 
developed OSMF6. 

HIF-1α is a transcriptional activator of genes that 
modulates oxygen homeostasis and metabolic 
activation. It is a key regulator in sensing and 
responding to cellular oxygen levels7. HIF-1α contrib-
utes to angiogenesis in tumors by generating cell 
vesicles that facilitate cell-to-cell contact at a 
distance. Under hypoxia, HIF-1α interacts with hypox-
ia-responsive elements and becomes stable before 
translocating into the nucleus and it regulates the 
expression of several genes that enable cells to 
withstand and adapt to hypoxia8. In the initial stage 
of OSMF, there is increased expression of HIF-1α 
which induces the transcription of cytokines (such as 
TGF-β, PAI-1and PDGF), which increases the produc-
tion of fibroblast and collagen and prevents colla-
gen breakdown leading to fibrosis9. There is also an 
association between hypoxia and fibrosis in 
fibroblasts of kidney and lung as shown in literature 
10, 11. Increased expression of HIF-1α and risk of 
progression to malignancy have been observed in 
OSMF. This may be due to OSMF connective tissue 
fibrosis and vasoconstriction, resulting in reduced 
blood flow to the local tissue environment. There-
fore, it is believed to be a key element in the devel-
opment of malignant transformation12.

HIF-1α is overexpressed in OSMF compared to 
controls and found statistically significant results, 
according to numerous studies proposed by several 
researchers. All these studies were based on OSMF 
tissue samples13, 14. Experiments utilizing a non-inva-
sive method to assess salivary samples of patients 
with OSMF reported HIF-1α overexpression as com-
pared to controls, suggesting that salivary HIF-1α 
levels can help identify the early stages of this 
disease15.

Based on the aforementioned findings, we 
proposed that HIF-1α can be a biomarker for early 
diagnosis of OSMF and it may help prevent the 
progression of this pre-cancerous disease in a popu-
lation that is highly affected. The objective of this 
clinical study was to compare the different levels of 
HIF-1α in the saliva samples of patients with clinical 
stages of OSMF and controls.

METHODS
The consecutive sampling technique was applied in 
this study. The sample size was estimated using 
OpenEpi software. There were 120 participants in 
the study which were divided into 2 groups: 60 
clinically diagnosed with different stages of OSMF 
and 60 healthy controls. Both groups included men 
and women with a history of areca nut usage and 
smokeless chewable tobacco. The study did not 
include OSMF patients who had received steroid 
treatment or had persistent oral and systemic illness-
es. This study was analyzed by Ziauddin University’s 
Research Ethics Committee (Reference code: 
1840120KIOM).

All candidates were clinically assessed and all OSMF 
cases were identified using the clinical criteria put 
forward by More et al16 using the clinical staging. 5ml 
saliva samples were taken from all the candidates 
and placed in sterile falcon tubes using passive 
drool methods following the interview and clinical 
examination. A commercially available ELISA kit 
(SEA798Hu, USCN, USA) was used to determine 
salivary HIF-1α levels.

All data analysis was done using SPSS version 22. In 
terms of mean and standard deviation, demo-
graphic data and HIF-1α salivary concentrations 
were presented. The normal distribution of each 
variable was tested using the Kolmogorov-Smirnov 
test. Kruskal Wallis test was used to evaluate the 
association between salivary HIF-1α levels and 
clinical and functional stages of OSMF. The Kendall 
Tau correlation test was used to assess the relation-
ship between different stages of OSMF and salivary 
HIF-1α levels. A p-value of below 0.05 was consid-
ered significant.

RESULTS
The study comprised 120 participants (60 individuals 
with different clinical stages of OSMF and 60 healthy 
controls). The proportion of male participants was 
56.66% and female participants was 43.33% in the 
present study. The mean age for OSMF and healthy 
controls was 36.46 years and 31.41 years, respective-
ly. Out of 60 OSMF patients, 8 (13.33%) were of stage 
I, 22 (33.33%) were of stage II, 26 (43.33%) patients of 
stage III, and 4 (6.66%) were of stage IV (figure 1). 
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The mean mouth opening of different stages of 
OSMF and controls were recorded and showed a 

significant association, as shown in Table 1.

The mean salivary HIF-1α levels of different stages 
of OSMF patients and healthy controls were mea-
sured and clinical stages of OSMF showed signifi-

cant association with salivary HIF-1α levels (p<0.05) 
(Table 2). 

Kruskal Wallis test was applied to assess the associa-
tion between salivary HIF-1α levels and clinical 

stages of OSMF and a significant association was 
observed (p=0.000) (Figure 2).

Figure 1: Percentages of Clinical OSMF stages

Table 1: Mean mouth opening of stages of OSMF and controls

Table 2: Association between salivary HIF-1α levels and clinical stages of OSMF

Controls  
Mean ± SD 

Cases  
Mean ± SD 

p-value 

 
41.96 ± 7.64 

Stage 1 (>35mm) 38.87 ± 3.09  
0.000* Stage 2 (25 & 35mm) 30.541 ± 3.43 

Stage 3 (15 & 25mm) 20.98 ± 2.47 
Stage 4 (<15mm) 6.95 ± 4.03 

Salivary HIF-1  
Levels 

Controls  Cases  p-value 

 
Mean ± SD 

 
13.89 ±8.61 

Stage 1 Stage 2 Stage 3 Stage 4 
16.84 ± 9.74 19.51 ± 7.99 24.43 ± 7.49 28.92 ± 5.12  

0.000* SEM 1.11 3.36 1.70 1.47 2.56 
Median 12.11 15.94 19.80 27.25 30.24 

IQR 14.07 19.01 13.35 12.19 9.50 

*P-value < 0.05 is considered significant, the Kruskal Wallis test was applied

*P-value < 0.05 is considered significant, the Kruskal Wallis test was applied
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Also, significant positive correlations were observed 
between increasing salivary HIF-1α levels and 

advancing stages (Table 3).

For the calculation of the Odd’s ratio, the salivary 
levels were categorized into high and low levels 
based on the sample median. The value of the 
odd’s ratio indicates 1.63 times increasing high odds 
of salivary levels. Therefore, for every progressive 
stage, the odds for high salivary HIF-1α levels 
increase by 1.63 times (Table 3).

DISCUSSION
In this study, the salivary expression of HIF-1α across 
clinical stages of OSMF was evaluated. The stages of 
OSMF i.e., stages I, II, III & IV clinically diagnosed 
according to the classification suggested by More 
et al. In this study, we were able to find a significant 
variation in levels of salivary HIF-1α in association with 
different stages of OSMF.

In our study, most patients were presented as 
stage III which suggests a lack of awareness 
among patients and delayed diagnosis. In anoth-
er study conducted by Singh et al., the maximum 
number of patients in their study were of stage II 

(46.7%) followed by stage III, I, and IV17. In this 
study we found a significant association of disease 
severity with mouth opening i.e., there was a 
decrease in the inter-incisal mouth opening of the 
patients from stage I of OSMF to stage II, stage III, 
and stage IV respectively. The mean mouth open-
ing of patients with different stages of OSMF was 
by studies reporting the mean mouth opening of 
patients with advanced stages of OSMF to be less 
than 15mm 18, 19.

Saliva samples were collected and utilized as the 
main analytical specimen in our study. Recently 
biomedical researchers have trying to evaluate the 
role of saliva as a key specimen in the detection and 
evaluation of multiple systemic and local pathologi-
cal processes. Early detection of disease is key to 
decreasing morbidity, and mortality and preventing 
the complications of disease 21, 22. The role of saliva 
has been extensively reported not only because of 
its ease of availability and non-invasive nature of 
procedure but also due to the abundance of 

*p-value < 0.05 is considered significant, the Kruskal Wallis, Kendall Tau’s Correlation test and, Binary logistic regression were applied

Figure 2: Box and Whisker plot depicting the increase in salivary HIF 1- α concentration at different stages of OSMF.

Table 3: Association among salivary HIF-1α levels and clinical stages of OSMF
OSMF 
Stage 

n  Mean ± SD p-value Correlation Odds Ratio p-value 
Rho p-value 

1 8 16.84 ± 9.74  
0.017* 

 
0.321 

 
0.001* 

 
1.630 

 
0.001* 2 22 19.51 ± 7.99 

3 26 24.43 ± 7.49 
4 4 28.92 ± 5.12 

genetic material and proteins in saliva samples23, 24. 
Researchers are trying to establish the role of salivary 
samples as an early diagnostic tool that can be 
used at the chairside/bedside for the detection of 
oral as well as systemic diseases, 26. We assessed the 
levels of HIF-1α in the saliva samples of different 
clinical stages of OSMF patients and healthy 
controls.

The present study was designed with the presump-
tion that due to fibrosis of connective tissue in OSMF, 
there is constriction of blood vessels followed by 
decreased flow of blood to the nearby tissues caus-
ing hypoxia which results in the activation of HIF-1α 
27-29. In this study, we correlated the levels of salivary 
HIF-1α among the four clinical stages of OSMF and 
healthy controls using ELISA. We compared mean 
salivary HIF-1α levels in different clinical stages of 
OSMF with controls. The levels of salivary HIF-1α 
showed a rising trend from stage I to stage II to stage 
III to stage IV. We were able to find a significant 
variation in salivary HIF-1α levels between healthy 
individuals and different stages of OSMF (p<0.05) 
supporting our hypothesis that salivary expression of 
HIF-1α will progressively increase with OSMF stages. 
The results of this study indicated a rise in the levels of 
HIF-1α from healthy to diseased (OSMF patients). In 
the literature search, we found multiple studies that 
corroborate our findings and suggest the use of HIF-1α 
as a biomarker of progression. Hande et al. also 
evaluated HIF-1α expression in different grades of 
OSMF and concluded that expression increased 
significantly from normal oral mucosa (1.43±0.89) to 
no dysplasia (3.97±2.75) to low-grade dysplasia 
(4.93±1.76) to high-grade dysplasia (5.66±2.01)30.

Clinical and functional stages of OSMF showed 
significant association with salivary HIF-1α levels 
(p<0.05). In this study, significant positive correlations 
were also found between increasing HIF-1α levels 
and advancing stages. It was further observed that 
a direct significant relation between salivary HIF-1α 
and severity of disease exists suggesting the possible 
role of this protein in saliva as an early biomarker for 
detecting this disease and its progression.

This study has some limitations. This was a case-con-
trol study and the nature of the data did not permit 
us to recognize the pathophysiology of OSMF and its 
molecular relationship with salivary HIF-1α levels. We 
also did not perform microscopic analysis to assess 
the severity of fibrosis. To explore HIF-1α levels and 
associate them with soft tissue changes in OSMF, 
longitudinal studies can be helpful. Observational 
studies are important in evaluating salivary HIF-1α
levels at different stages of the disease. The only 
method used to diagnose OSMF was a clinical 
examination in this study. Pathologists can stage 
OSMF more precisely and make a more accurate 
diagnosis by using invasive techniques such as 
“punch biopsy”. However, patient compliance is 

significantly impacted by such measures.

CONCLUSION
In this study, we found a significant association 
among the expression of HIF-1α levels in saliva 
among different stages of OSMF. Levels of salivary 
HIF-1α showed increased expression from healthy 
through the progressive stages of OSMF (I<II<III<IV). 
This variation in the levels of salivary HIF-1α suggests 
its possible role as an early non-invasive detective 
marker in the assessment of disease progression.
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For the calculation of the Odd’s ratio, the salivary 
levels were categorized into high and low levels 
based on the sample median. The value of the 
odd’s ratio indicates 1.63 times increasing high odds 
of salivary levels. Therefore, for every progressive 
stage, the odds for high salivary HIF-1α levels 
increase by 1.63 times (Table 3).

DISCUSSION
In this study, the salivary expression of HIF-1α across 
clinical stages of OSMF was evaluated. The stages of 
OSMF i.e., stages I, II, III & IV clinically diagnosed 
according to the classification suggested by More 
et al. In this study, we were able to find a significant 
variation in levels of salivary HIF-1α in association with 
different stages of OSMF.

In our study, most patients were presented as 
stage III which suggests a lack of awareness 
among patients and delayed diagnosis. In anoth-
er study conducted by Singh et al., the maximum 
number of patients in their study were of stage II 

(46.7%) followed by stage III, I, and IV17. In this 
study we found a significant association of disease 
severity with mouth opening i.e., there was a 
decrease in the inter-incisal mouth opening of the 
patients from stage I of OSMF to stage II, stage III, 
and stage IV respectively. The mean mouth open-
ing of patients with different stages of OSMF was 
by studies reporting the mean mouth opening of 
patients with advanced stages of OSMF to be less 
than 15mm 18, 19.

Saliva samples were collected and utilized as the 
main analytical specimen in our study. Recently 
biomedical researchers have trying to evaluate the 
role of saliva as a key specimen in the detection and 
evaluation of multiple systemic and local pathologi-
cal processes. Early detection of disease is key to 
decreasing morbidity, and mortality and preventing 
the complications of disease 21, 22. The role of saliva 
has been extensively reported not only because of 
its ease of availability and non-invasive nature of 
procedure but also due to the abundance of 

genetic material and proteins in saliva samples23, 24. 
Researchers are trying to establish the role of salivary 
samples as an early diagnostic tool that can be 
used at the chairside/bedside for the detection of 
oral as well as systemic diseases, 26. We assessed the 
levels of HIF-1α in the saliva samples of different 
clinical stages of OSMF patients and healthy 
controls.

The present study was designed with the presump-
tion that due to fibrosis of connective tissue in OSMF, 
there is constriction of blood vessels followed by 
decreased flow of blood to the nearby tissues caus-
ing hypoxia which results in the activation of HIF-1α 
27-29. In this study, we correlated the levels of salivary 
HIF-1α among the four clinical stages of OSMF and 
healthy controls using ELISA. We compared mean 
salivary HIF-1α levels in different clinical stages of 
OSMF with controls. The levels of salivary HIF-1α 
showed a rising trend from stage I to stage II to stage 
III to stage IV. We were able to find a significant 
variation in salivary HIF-1α levels between healthy 
individuals and different stages of OSMF (p<0.05) 
supporting our hypothesis that salivary expression of 
HIF-1α will progressively increase with OSMF stages. 
The results of this study indicated a rise in the levels of 
HIF-1α from healthy to diseased (OSMF patients). In 
the literature search, we found multiple studies that 
corroborate our findings and suggest the use of HIF-1α 
as a biomarker of progression. Hande et al. also 
evaluated HIF-1α expression in different grades of 
OSMF and concluded that expression increased 
significantly from normal oral mucosa (1.43±0.89) to 
no dysplasia (3.97±2.75) to low-grade dysplasia 
(4.93±1.76) to high-grade dysplasia (5.66±2.01)30.

Clinical and functional stages of OSMF showed 
significant association with salivary HIF-1α levels 
(p<0.05). In this study, significant positive correlations 
were also found between increasing HIF-1α levels 
and advancing stages. It was further observed that 
a direct significant relation between salivary HIF-1α 
and severity of disease exists suggesting the possible 
role of this protein in saliva as an early biomarker for 
detecting this disease and its progression.

This study has some limitations. This was a case-con-
trol study and the nature of the data did not permit 
us to recognize the pathophysiology of OSMF and its 
molecular relationship with salivary HIF-1α levels. We 
also did not perform microscopic analysis to assess 
the severity of fibrosis. To explore HIF-1α levels and 
associate them with soft tissue changes in OSMF, 
longitudinal studies can be helpful. Observational 
studies are important in evaluating salivary HIF-1α
levels at different stages of the disease. The only 
method used to diagnose OSMF was a clinical 
examination in this study. Pathologists can stage 
OSMF more precisely and make a more accurate 
diagnosis by using invasive techniques such as 
“punch biopsy”. However, patient compliance is 

significantly impacted by such measures.

CONCLUSION
In this study, we found a significant association 
among the expression of HIF-1α levels in saliva 
among different stages of OSMF. Levels of salivary 
HIF-1α showed increased expression from healthy 
through the progressive stages of OSMF (I<II<III<IV). 
This variation in the levels of salivary HIF-1α suggests 
its possible role as an early non-invasive detective 
marker in the assessment of disease progression.
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For the calculation of the Odd’s ratio, the salivary 
levels were categorized into high and low levels 
based on the sample median. The value of the 
odd’s ratio indicates 1.63 times increasing high odds 
of salivary levels. Therefore, for every progressive 
stage, the odds for high salivary HIF-1α levels 
increase by 1.63 times (Table 3).

DISCUSSION
In this study, the salivary expression of HIF-1α across 
clinical stages of OSMF was evaluated. The stages of 
OSMF i.e., stages I, II, III & IV clinically diagnosed 
according to the classification suggested by More 
et al. In this study, we were able to find a significant 
variation in levels of salivary HIF-1α in association with 
different stages of OSMF.

In our study, most patients were presented as 
stage III which suggests a lack of awareness 
among patients and delayed diagnosis. In anoth-
er study conducted by Singh et al., the maximum 
number of patients in their study were of stage II 

(46.7%) followed by stage III, I, and IV17. In this 
study we found a significant association of disease 
severity with mouth opening i.e., there was a 
decrease in the inter-incisal mouth opening of the 
patients from stage I of OSMF to stage II, stage III, 
and stage IV respectively. The mean mouth open-
ing of patients with different stages of OSMF was 
by studies reporting the mean mouth opening of 
patients with advanced stages of OSMF to be less 
than 15mm 18, 19.

Saliva samples were collected and utilized as the 
main analytical specimen in our study. Recently 
biomedical researchers have trying to evaluate the 
role of saliva as a key specimen in the detection and 
evaluation of multiple systemic and local pathologi-
cal processes. Early detection of disease is key to 
decreasing morbidity, and mortality and preventing 
the complications of disease 21, 22. The role of saliva 
has been extensively reported not only because of 
its ease of availability and non-invasive nature of 
procedure but also due to the abundance of 

genetic material and proteins in saliva samples23, 24. 
Researchers are trying to establish the role of salivary 
samples as an early diagnostic tool that can be 
used at the chairside/bedside for the detection of 
oral as well as systemic diseases, 26. We assessed the 
levels of HIF-1α in the saliva samples of different 
clinical stages of OSMF patients and healthy 
controls.

The present study was designed with the presump-
tion that due to fibrosis of connective tissue in OSMF, 
there is constriction of blood vessels followed by 
decreased flow of blood to the nearby tissues caus-
ing hypoxia which results in the activation of HIF-1α 
27-29. In this study, we correlated the levels of salivary 
HIF-1α among the four clinical stages of OSMF and 
healthy controls using ELISA. We compared mean 
salivary HIF-1α levels in different clinical stages of 
OSMF with controls. The levels of salivary HIF-1α 
showed a rising trend from stage I to stage II to stage 
III to stage IV. We were able to find a significant 
variation in salivary HIF-1α levels between healthy 
individuals and different stages of OSMF (p<0.05) 
supporting our hypothesis that salivary expression of 
HIF-1α will progressively increase with OSMF stages. 
The results of this study indicated a rise in the levels of 
HIF-1α from healthy to diseased (OSMF patients). In 
the literature search, we found multiple studies that 
corroborate our findings and suggest the use of HIF-1α 
as a biomarker of progression. Hande et al. also 
evaluated HIF-1α expression in different grades of 
OSMF and concluded that expression increased 
significantly from normal oral mucosa (1.43±0.89) to 
no dysplasia (3.97±2.75) to low-grade dysplasia 
(4.93±1.76) to high-grade dysplasia (5.66±2.01)30.

Clinical and functional stages of OSMF showed 
significant association with salivary HIF-1α levels 
(p<0.05). In this study, significant positive correlations 
were also found between increasing HIF-1α levels 
and advancing stages. It was further observed that 
a direct significant relation between salivary HIF-1α 
and severity of disease exists suggesting the possible 
role of this protein in saliva as an early biomarker for 
detecting this disease and its progression.

This study has some limitations. This was a case-con-
trol study and the nature of the data did not permit 
us to recognize the pathophysiology of OSMF and its 
molecular relationship with salivary HIF-1α levels. We 
also did not perform microscopic analysis to assess 
the severity of fibrosis. To explore HIF-1α levels and 
associate them with soft tissue changes in OSMF, 
longitudinal studies can be helpful. Observational 
studies are important in evaluating salivary HIF-1α
levels at different stages of the disease. The only 
method used to diagnose OSMF was a clinical 
examination in this study. Pathologists can stage 
OSMF more precisely and make a more accurate 
diagnosis by using invasive techniques such as 
“punch biopsy”. However, patient compliance is 

significantly impacted by such measures.

CONCLUSION
In this study, we found a significant association 
among the expression of HIF-1α levels in saliva 
among different stages of OSMF. Levels of salivary 
HIF-1α showed increased expression from healthy 
through the progressive stages of OSMF (I<II<III<IV). 
This variation in the levels of salivary HIF-1α suggests 
its possible role as an early non-invasive detective 
marker in the assessment of disease progression.
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