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ABSTRACT

Background: Malignant pleural mesothelioma is an uncommon cancer that has a
strong link to asbestos exposure. It is not well understood why mesothelioma
develops in patients with large pleural effusion. This study provided the frequency
of malignant pleural mesothelioma in patients with massive pleural effusion and
identified demographic and clinical risk factors associated with its development.
Objective: To determine the frequency of malignant pleural mesothelioma in
patients with massive pleural effusion admitted in pulmonology ward Mardan
Medical Complex Mardan. Study Design: Cross-sectional study. Duration and Place
of Study: The study was conducted from December 15, 2024, to May 15, 2025, at the
Department of Pulmonology, Mardan Medical Complex, Mardan. Methodology: A
total of 112 patients of age 18 to 70 years with massive pleural effusion were
selected. Pleural tissue specimens were obtained via percutaneous needle biopsy or
thoracoscopic biopsy, and histopathological analysis with immunohistochemical
staining was used to diagnose mesothelioma. Results: The mean age of participants
was 47.67 = 14.11 years, with a male predominance (61.6%). Mesothelioma was
diagnosed in 9 patients (8%). Statistically significant associations were found
between mesothelioma and older age (>50 years), male gender, BMI >30 kg/m?,
symptom duration >12 weeks, and rural residency. Conclusion: Malignant pleural
mesothelioma is a significant cause of massive pleural effusion in patients over 50

years of age, predominantly affecting males with a higher BMI.

INTRODUCTION

Pleural effusion is the collection of excess fluid between
the layers of the pleura, which is the pleura that encloses
the lungs.! Shortness of breath, chest pain, as well as
pulmonary failure in advanced stages, are symptoms of
pleural effusions of various volumes, while where the
excess fluid accumulation is large, it is said to be "massive
pleural effusion."? Large effusions usually result in
inhibited expansion of the lungs, thereby impairing
respiration. The fluid is classified according to nature, e.g.,
transudative or exudate, which is indicative of the etiology
of the effusion.3

There are a number of causes of pleural effusion
ranging from systemic causes such as heart failure through
more localized pulmonary disease.* The most frequent
causes include pneumonia, tuberculosis, and congestive
heart failure.®> Malignancies including lung cancer also
cause pleural effusions through direct pleural infiltration
or through lymphatic obstruction.® Bacterial or viral
pleuritis is other infections that can result in the
accumulation of pleural fluid leading to inflammation and
thickened pleura.” Systemic inflammation from
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autoimmune diseases like rheumatoid arthritis have also
been implicated in the production of effusions.8

Malignant pleural mesothelioma (MPM) is an
aggressive, though uncommon, cancer linked most
importantly with exposure to asbestos.? MPM develops in
the mesothelial cells covering the pleura, and its clinical
presentation is frequently chest pain, dyspnea, and loss of
weight.10 MPM is notoriously hard to diagnose in the early
stages, and it tends to have a poor prognosis because it is
usually diagnosed after it has spread locally into the pleura
and possibly invaded neighboring structures, which makes
treatment challenging.!! The disease is primarily seen in
individuals with a history of significant asbestos exposure,
typically occurring decades after the exposure has taken
place.12

In those with massive pleural effusion, malignant
spread of disease in the form of malignant pleural
mesothelioma is an important consideration.!3 The
effusion in such cases tends to be exudative and could be
secondary to the malignant spread of disease. Indeed, one
of the classic signs of MPM is pleural effusion and it is
found in most cases on presentation. Malignant infiltration
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of the pleura is responsible for the massive amount of
accumulation of fluid through disruption of the usual
pleural space and resulting vascular permeability.1* As a
result, pleural effusion can significantly impair lung
function and complicate the management of MPM,
requiring careful diagnostic and therapeutic intervention
to manage both the cancer and its associated symptoms.15

A research conducted by Bakhshayesh KM and
colleagues demonstrated that the incidence of malignant
pleural mesothelioma was 11.8% among patients with
extensive pleural effusion.16

Malignant pleural mesothelioma tends to occur as
massive pleural effusion, with resulting diagnostic
difficulties leading to undue delays in treatment. The
incidence of mesothelioma in Mardan malignancy cases
with massive pleural effusion is unknown, limiting
clinicians' ability to maintain appropriate diagnostic
suspicion. Establishing baseline prevalence data will guide
clinical decision-making and inform the need for early
mesothelioma screening protocols in this region. This
study will provide essential epidemiological data to
improve diagnostic accuracy and patient outcomes in
Mardan's healthcare system.

METHODOLOGY

This cross-sectional study was conducted from December
15th, 2024 to June 15th, 2025 at the Department of
Pulmonology, Mardan Medical Complex, Mardan. The
study enrolled 112 patients presenting with massive
pleural effusion. Sample size was calculated using WHO
sample size software with a 95% confidence interval, 6%
margin of error, and an expected prevalence of malignant
pleural mesothelioma of 11.8% among patients with
massive pleural effusion.

Participants were recruited through non-probability
consecutive sampling technique. Inclusion criteria
encompassed patients aged 18 to 70 years of both genders
who presented with massive pleural effusion, defined as
pleural fluid accumulation exceeding 1000 cm?® or causing
mediastinal displacement greater than 2 cm from midline
on computed tomography imaging. Exclusion criteria
eliminated patients with known malignancies other than
mesothelioma, documented transudative pleural effusion,
pregnancy confirmed by ultrasonography, or severe
coagulopathy contraindicating pleural biopsy procedures.

Following approval from the institutional ethics
committee and College of Physicians and Surgeons
Pakistan, informed consent was obtained from all
participants with assurance of confidentiality and minimal
procedural risk. Comprehensive demographic data was
collected including age, gender, body mass index,
occupational history, symptom duration, socioeconomic
background, educational attainment, and residential
location.

Pleural tissue specimens were procured from all
enrolled patients using either percutaneous needle biopsy
or thoracoscopic biopsy techniques based on individual
clinical circumstances. Retrieved samples underwent
histopathological analysis followed by
immunohistochemical staining protocols. Malignant
pleural mesothelioma was confirmed when microscopic

examination revealed atypical mesothelial cells displaying
epithelioid, sarcomatoid, or biphasic architectural
patterns with evidence of pleural tissue invasion,
accompanied by positive immunoreactivity for
mesothelial markers including calretinin and WT1, along
with concurrent expression of CK5/6 and D2-40
podoplanin markers.

Statistical analysis was performed using IBM SPSS
version 26. Categorical variables including gender,
socioeconomic status, educational level, residential area,
occupation, and mesothelioma diagnosis were presented
as frequencies and percentages. Continuous variables such
as age, body mass index, and disease duration were
expressed as mean * standard deviation or median with
interquartile range following normality assessment via
Shapiro-Wilk testing. Stratification analysis of malignant
pleural mesothelioma was conducted across demographic
and clinical variables, with post-stratification analysis
employing chi-square or Fisher's exact tests where
appropriate. Statistical significance was established at p-
value <0.05.

RESULTS

The patient cohort had a mean age of 47.67+14.11 years,
mean BMI of 24.57+3.70 kg/m? and mean symptom
duration of 12.21+7.49 weeks, with males comprising 69
patients (61.6%) and females 43 patients (38.4%). The
majority of patients were from rural areas (70 patients,
62.5%) compared to urban areas (42 patients, 37.5%),
while socioeconomic distribution was nearly equal
between poor (55 patients, 49.1%) and middle-class (57
patients, 50.9%) categories (as shown in Table I).

Table I

Patient Demographics
Demographics Mean * SD
Age (years) 47.67+14.11
BMI (Kg/m?) 24.57+3.70
Duration (weeks) 12.21+7.49

Gender

Male n (%)

Female n (%)
Residential Status
Rural n (%)

Urban n (%)
Socioeconomic Status
Poor n (%)

Middle n (%)

69 (61.6%)
43 (38.4%)

70 (62.5%)
42 (37.5%)

55 (49.1%)
57 (50.9%)

Malignant pleural mesothelioma was diagnosed in 9
patients (8%) out of the total 112 cases, while 103 patients
(92%) did not have mesothelioma (as shown in Table II).

Table II

Frequency of Mesothelioma
Mesothelioma Frequency % age
Yes 9 8%
No 103 92%
Total 112 100%

Demographic analysis revealed significant associations
between mesothelioma occurrence and several factors.
Age stratification showed that all 9 mesothelioma cases
occurred in patients over 50 years (16.4% of this age
group), while no cases were found in patients <50 years
(p=0.001). Gender analysis demonstrated that all
mesothelioma cases occurred exclusively in males (13.0%
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of male patients), with no female cases (p=0.026). BMI
categorization revealed a striking pattern where all 9
mesothelioma cases occurred in patients with BMI >30
kg/m? (representing 50.0% of this BMI group), while no
cases were found in patients with BMI <25 or 26-30 kg/m?
(p<0.001). Duration analysis showed that all
mesothelioma cases occurred in patients with symptoms
lasting >12 weeks (17.0% of this duration group), with no
cases in those with <12 weeks’ duration (p<0.001).
Residential status analysis indicated that all 9
mesothelioma cases occurred in rural patients (12.9% of
rural population), with no urban cases (p=0.025).
Socioeconomic status showed no significant association,
with 5 cases (9.1%) in poor patients and 4 cases (7.0%) in
middle-class patients (p=0.740) (as shown in Table III).

Table III
Association of Mesothelioma with Demographic Factors
. Mesothelioma p-
Demographic Factors Yes n(%) No n(%) value
<50 0(0.0%) 57 (100.0%) %
Age (years) >50 9(164%) 46 (83.6%) 001
Male 9 (13.0%) 60 (87.0%) .
Clemelen Female 0(0.0%)  43(100.00%) 026
<25 0 (0.0%) 57(100.0%)  _o 104
BMI Group 26-30 0(0.0%) 37 (100.0%) .
>30 9 (50.0%) 9 (50.0%)
—— <12 0(0.0%)  59(100.0%) <0.001
u P12 9(17.0%) 44 (83.0%) *
Socioeconomic Poor 5(9.1%) 50 (90.9%) 0.740*
Status Middle 4 (7.0%) 53 (93.0%) '
Residential Rural 9 (12.9%) 61 (87.1%) 0.025*
Status Urban 0 (0.0%) 42 (100.0%) )

*Fischer Exact Test

DISCUSSION

The present study aimed to determine the frequency of
malignant pleural mesothelioma in patients presenting
with massive pleural effusion and revealed an 8%
prevalence rate, providing important insights into the
demographic risk profile of this aggressive malignancy.
The findings demonstrate several significant associations
that align with established pathophysiological
mechanisms underlying mesothelioma development.

The exclusive occurrence of mesothelioma in patients
over 50 years of age (16.4% vs 0% in younger patients,
p=0.001) reflects the well-documented long latency period
characteristic of asbestos-related malignancies. Malignant
pleural mesothelioma typically develops after decades of
initial asbestos exposure, with latency periods ranging
from 20 to 40 years, explaining why younger individuals in
this cohort remained unaffected despite potential
exposure histories. This age-related pattern is consistent
with the natural history of asbestos-induced
carcinogenesis, where cellular damage accumulates over
time before manifesting as malignant transformation.

The striking male predominance (13.0% vs 0% in
females, p=0.026) is consistent with historical
occupational exposure patterns, as men have traditionally
worked in industries with higher asbestos exposure risk,
including construction, shipbuilding, automotive repair,
and industrial manufacturing. The gender disparity also
reflects differences in occupational safety practices and
exposure intensity in male-dominated industries where
asbestos use was prevalent before regulatory restrictions.

The remarkable association with obesity (50% prevalence
in BMI >30 kg/m? vs 0% in normal/overweight
individuals, p<0.001) represents a potentially novel
finding that may be explained by chronic inflammatory
mechanisms. Obesity is associated with chronic low-grade
systemic inflammation characterized by elevated pro-
inflammatory cytokines, altered immune function, and
oxidative stress. This inflammatory milieu may create a
microenvironment that facilitates malignant
transformation in mesothelial cells already compromised
by asbestos exposure, potentially accelerating the
progression from benign pleural changes to malignancy.

The correlation with prolonged symptom duration
(17.0% in >12 weeks vs 0% in <12 weeks, p<0.001) likely
reflects the insidious nature of mesothelioma, where
longer symptom persistence may indicate more advanced
disease at presentation or represent the natural
progression timeline of this aggressive malignancy. Our
study revealing a mean age of 47.67+14.11 years, which
demonstrates remarkable consistency with the existing
literature. This finding aligns closely with Shirzadi et al.
[18], who reported an average age of 47.59 years in their
cohort of 144 patients with chronic pleural effusion, and
with Rehan et al. [20], who documented a mean age of
44.82 years in their study of 100 patients. This consistent
age distribution across multiple studies suggests that
pleural effusions predominantly affect middle-aged adults,
likely reflecting the peak incidence of underlying
malignant and inflammatory conditions in this age group.

The gender distribution in our study showed a male
predominance (61.6% males vs. 38.4% females), which is
comparable to O'Donovan and Eng [17], who reported
66% males and 34% females in their study of malignant
pleural effusions. This consistent male predominance
across studies may reflect occupational exposure patterns,
particularly in mesothelioma cases where asbestos
exposure has historically been more common in male-
dominated industries. Our study identified malignant
pleural mesothelioma in 9 patients (8%) out of 112 cases
with massive pleural effusion. This prevalence is notably
lower than the overall malignancy rates reported in other
studies. Shirzadi et al. [18] found malignancy to be the
most common cause of chronic pleural effusion with a
prevalence of 65.9%, while Rehan et al. [20] reported
malignancies accounting for 12% of exudative pleural
effusions. However, these studies included all types of
pleural malignancies, not specifically mesothelioma, which
explains the higher overall malignancy rates.

The relatively low prevalence of mesothelioma in our
study may be attributed to several factors: our focus on
massive pleural effusions specifically, regional variations
in asbestos exposure, and the inclusion criteria that may
have selected for a different patient population compared
to general pleural effusion studies. A striking finding in our
study was that all 9 mesothelioma cases occurred
exclusively in patients over 50 years of age (16.4% of this
age group, p=0.001). This age-specific distribution is
consistent with the known epidemiology of mesothelioma,
which typically has a long latency period following
asbestos exposure. The case report by Gonligir et al. [19]
described a 74-year-old male with malignant
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mesothelioma, supporting the tendency for this
malignancy to occur in older age groups. This age
association is biologically plausible given that
mesothelioma typically develops 20-40 years after initial
asbestos exposure, making older patients more likely to
manifest the disease.

Our study revealed a remarkable finding that all
mesothelioma cases occurred exclusively in males (13.0%
of male patients, p=0.026), with no female cases identified.
This finding is consistent with historical patterns of
occupational asbestos exposure, which predominantly
affected male workers in industries such as construction,
shipbuilding, and manufacturing. The case reported by
Gonligir et al. [19] also involved a male patient, further
supporting this gender predilection. This stark gender
distribution in our study may reflect regional occupational
exposure patterns or could be influenced by the relatively
small number of mesothelioma cases. Our study found that
all mesothelioma cases occurred in patients with
symptoms lasting >12 weeks (17.0% of this duration
group, p<0.001), indicating a chronic presentation pattern.
This finding aligns with the generally indolent nature of
mesothelioma development and the gradual onset of
symptoms. The case by Gonligir et al. [19] presented with
pleuretic chest pain and exertional dyspnea, which are
typical chronic symptoms associated with progressive
pleural involvement.

The radiological differentiation of malignant pleural
conditions remains challenging, as highlighted by
Bakhshayesh Karam et al. [16], who achieved 82%
accuracy in diagnosing mesothelioma using CT scans. They
identified pleural thickening (88.2%), loculated effusion
(58.8%), and thickening of the interlobar fissure (47.1%)
as characteristic features of mesothelioma. 0'Donovan and
Eng [17] similarly found pleural thickening in 62% of
malignant pleural effusions and fluid loculation in 40% of

REFERENCES

1. Tiwari, N, Kumbhare, R, & Walke, R.R. (2022).
Physical therapy rehabilitation for a chronic alcoholic
patient with Loculated pleural effusion. Cureus.
https://doi.org/10.7759 /cureus.30368

2. Bediwy, A. S., Al-Biltagi, M., Saeed, N. K., Bediwy, H. A,,
& Elbeltagi, R. (2023). Pleural effusion in critically ill
patients and intensive care setting. World Journal of
Clinical Cases, 11(5), 989-999.
https://doi.org/10.12998 /wjcc.v11.i5.989

3. Christopher, D.]., Gupta, R, Thangakunam, B,,
Daniel, J., Jindal, S. K., Kant, S., Chhajed, P. N,
Gupta, K. B, Dhooria, S., Chaudhri, S., Chaudhry, D,,
Patel, D., Mehta, R, Chawla, R.K.,, Srinivasan, A.,
Kumar, A, Bal,S.K, James, P, Roger,].S,
Kurien, R. B. (2024). Pleural effusion guidelines from
ICS and NCCP section 1: Basic principles, laboratory
tests and pleural procedures. Lung India, 41(3), 230-
248.
https://doi.org/10.4103/lungindia.lungindia 33 24

4. Karpathiou, G., Péoc’h, M,, Sundaralingam, A., Rahman,
N., & Froudarakis, M. E. (2022). Inflammation of the
Pleural Cavity: A Review on Pathogenesis, Diagnosis

IJBR Vol.3 Issue. 6 2025

cases. The case report by Gonligir et al. [19] presented an
unusual scenario where mesothelioma caused
transudative rather than exudative pleural effusion, with
low protein (0.5 g/dL) and LDH levels (11 U/L). This
atypical presentation underscores the diagnostic
challenges in mesothelioma cases and the importance of
maintaining clinical suspicion even when fluid
characteristics are unexpected.

The relatively small number of mesothelioma cases in
our study (n=9) limits the generalizability of some
associations, particularly the striking correlations with
BM]I, rural residence, and male gender. Larger multicenter
studies would be valuable to validate these findings.
Additionally, the comparison with other studies is
somewhat limited by differences in inclusion criteria, with
our study focusing specifically on massive pleural
effusions while others examined various pleural effusion

types.

CONCLUSION

Our study has concluded that malignant pleural
mesothelioma represents a significant subset of patients
presenting with massive pleural effusion, with distinct
demographic and clinical characteristics. The findings
demonstrate strong associations between mesothelioma
occurrence and advanced age, male gender, higher body
mass index, prolonged symptom duration, and rural
residence. These associations provide valuable insights for
clinicians in identifying high-risk patients and support the
need for heightened clinical suspicion in patients with
these characteristics.

Acknowledgments

We extend our gratitude to the clinical personnel whose
rigorous attention to record-keeping and organized
handling of patient information has been invaluable to this
work.

and Implications in Tumor
Pathophysiology. Cancers, 14(6), 1415.
https://doi.org/10.3390/cancers14061415

5. Wijayaratne, T., Yousuf, A., & Panchal, R. (2024).
Cardiac related pleural effusions: a narrative
review. Journal of Thoracic Disease, 16(2).
https://doi.org/10.21037/jtd-23-1731

6. Yang, L., & Wang, Y. (2023). Malignant pleural effusion
diagnosis and therapy. Open Life Sciences, 18(1).
https://doi.org/10.1515/biol-2022-0575

7. Ferreiro, L., Casal, A., Toubes, M. E., Suarez-Antelo, ].,
Golpe, A.,, Abelleira-Paris, R,, Riveiro, V., Alvarez-
Dobafio, ]. M., & Valdés, L. (2022). Pleural effusion due
to nonmalignant gastrointestinal disease. ER] Open
Research, 9(3),00290-2022.
https://doi.org/10.1183/23120541.00290-2022

8. Guo, L, Zhang, Q. Lv, C,, Ma, X, Song, X., Huang, |., Chen,
W, Li, C.,, & Ding, Q. (2022). A novel biomarker for
pleural effusion diagnosis: Interleukin-36y in pleural
fluid. Journal of Clinical Laboratory Analysis, 37(1).

https://doi.org/10.1002 /jcla.24799
9. Wadowski, B., De Rienzo, A., & Bueno, R. (2020). The
Molecular Basis of Malignant Pleural
Page | 443

@) Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.7759/cureus.30368
https://doi.org/10.12998/wjcc.v11.i5.989
https://doi.org/10.4103/lungindia.lungindia_33_24
https://doi.org/10.3390/cancers14061415
https://doi.org/10.21037/jtd-23-1731
https://doi.org/10.1515/biol-2022-0575
https://doi.org/10.1183/23120541.00290-2022
https://doi.org/10.1002/jcla.24799

Farmanullah, et al.,

10.

11.

12.
13.

14.

15.

IJBR Vol.3 Issue.6 2025

Frequency of Malignant Pleural Mesothelioma in Patients...

Mesothelioma. Thoracic Surgery Clinics, 30(4), 383-
393.
https://doi.org/10.1016/j.thorsurg.2020.08.005
Jain, M., Crites, M. K,, Rich, P., & Bajantri, B. (2024).
Malignant pleural mesothelioma: A comprehensive
review. Journal of Clinical Medicine, 13(19), 5837.
https://doi.org/10.3390/jcm13195837

Sejben, A., Pancsa, T., Tiszlavicz, L., Furdk, ]., Par6czai,

D, & Zombori, T. (2023). Highlighting the
immunohistochemical differences of malignant
mesothelioma subtypes via case

presentations. Thoracic Cancer, 14(10), 857-863.
https://doi.org/10.1111/1759-7714.14827
Brims, F. (2021). Epidemiology and Clinical Aspects of

Malignant Pleural Mesothelioma. Cancers, 13(16),
4194.
https://doi.org/10.3390/cancers13164194

Musso, V., Diotti, C., Palleschi, A., Tosi, D., Aiolfi, A., &
Mendogni, P. (2021). Management of Pleural Effusion
Secondary to Malignant Mesothelioma. Journal of
Clinical Medicine, 10(18), 4247-4247.
https://doi.org/10.3390/jcm10184247

Hassan, M., Touman, A. A., Grabczak, E. M., Skaarup, S.
H., Faber, K, Blyth, K. G, & Pochepnia, S. (2024).
Imaging of pleural disease. Breathe (Sheffield), 20(1),
230172-230172.
https://doi.org/10.1183/20734735.0172-2023

Ge, S., Zhao, Y., Liang, ]., He, Z,, Li, K., Zhang, G., Hua, B,,
Zheng, H., Guo, Q., Qi, R, & Shi, Z. (2024). Immune
modulation in malignant pleural effusion: from

16.

17.

18.

19.

20.

microenvironment to therapeutic
implications. Cancer Cell International, 24(1).
https://doi.org/10.1186/s12935-024-03211-w
Bakhshayesh Karam, M., Karimi, S., Mosadegh, L., &
Chaibakhsh, S. (2016). Malignant Mesothelioma
Versus Metastatic Carcinoma of the Pleura: A CT
Challenge. Iranian Journal of Radiology, 13(1).
https://doi.org/10.5812 /iranjradiol.10949
O’donovan, P. B,, & Eng, P. (1994). Pleural changes in
malignant pleural effusions: appearance on computed
tomography. Cleveland Clinic Journal of
Medicine, 61(2),127-131.
https://doi.org/10.3949/ccjm.61.2.127

Shirzadi, A., Ahmadinejad, 1., Ahmadinejad, M., Hatami,
S, Soltanian, A. & Ahmadinejad, Y. (2025).
Investigation of the Prevalence of Chronic Pulmonary
Effusion Causes and Response to Treatment
(Pleurodesis) in Patients. The Open Respiratory
Medicine Journal, 19(1).
https://doi.org/10.2174/011874306433696825011
3102919

Gonlugtr, U,, Seyfikli, Z., Efeoglu, T., Yildiz, E., & Nadir,
A. (2003). Malignant Mesothelioma Causing
Transudative Pleural Effusion. Turkish Respiratory
Journal, 4(3), 164-166.

Rehan, M., Alam, M. T., Imran, K., Farrukh, S. Z. U. I,
Masroor, M., & Kumar, P. (2013). The frequency of
various diseases in patients presenting with pleural
effusion. Gomal Journal of Medical Sciences, 11(1).
https://www.gjms.com.pk/index.php/journal/article

/view /449

Page | 444

@) Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.1016/j.thorsurg.2020.08.005
https://doi.org/10.3390/jcm13195837
https://doi.org/10.1111/1759-7714.14827
https://doi.org/10.3390/cancers13164194
https://doi.org/10.3390/jcm10184247
https://doi.org/10.1183/20734735.0172-2023
https://doi.org/10.1186/s12935-024-03211-w
https://doi.org/10.5812/iranjradiol.10949
https://doi.org/10.3949/ccjm.61.2.127
https://doi.org/10.2174/0118743064336968250113102919
https://doi.org/10.2174/0118743064336968250113102919
https://www.gjms.com.pk/index.php/journal/article/view/449
https://www.gjms.com.pk/index.php/journal/article/view/449

