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ABSTRACT

Background: The purpose of this systematic review and meta-analysis was to evaluate the efficacy 
of sub-threshold laser versus spironolactone for the treatment of central serous chorioretinopathy 
(CSCR).

Methods: A comprehensive search was conducted using PubMed, Cochrane, EMBASE, and Google 
Scholar for randomized controlled trials, comparative and individual studies on spironolactone and 
sub-threshold laser in the treatment of CSCR. This search was performed according to PRISMA 
guidelines, covering studies published from January 2010 up to August 2024. Studies published were 
selected based on inclusion criteria, including patients with CSCR≥ 3 months and outcomes such as 
best corrected visual acuity (BCVA), sub-retinal fluid resolution (SRF), and central macular thickness 
(CMT). Studies other than RCTs or those without relevant outcome measures were excluded from the 
meta-analysis. Data synthesis was conducted using RevMan 5.4.1, effective sizes were presented as 
Mean difference (MD) with a 95% confidence interval. Heterogeneity was assessed using the 
I2statistic. The risk of Bias for each study was conducted using the revised Cochrane Risk of Bias Tool 
for RCTs. 

Results: 8 studies, comprising 371 eyes, met the inclusion criteria. Spironolactone demonstrated a 
significant reduction in SRF at the 3rd and 6th month follow-up as compared to sub-threshold (MD= 
-27.93, 95% CI -41.61 to -14.06, P< 0.0001). The sub-threshold laser was more effective in reducing SRF 
at 6th month (MD= -41.61, 95% CI -69.21 to-12.90, P=0.004). No statistical difference was found 
between the 2 treatments for BCVA improvement. The sub-threshold laser was seen more effective 
in reducing CMT in the 6th month (MD= 47.99, 95% CI 31.20 to 64.77, P< 0.00001).  Heterogeneity 
was substantial in some outcomes, indicating variability across the studies (I2> 75%).

Discussion: Spironolactone appeared more effective in reducing SRF in CSCR, while sub-threshold 
laser showed greater efficacy in reducing CMT. Both treatments offer benefits, but further 
larger-scale, multi-center trials are required to address the observed heterogeneity and long-term 
efficacy.
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INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.



PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02)

INTRODUCTION
Central Serous Chorioretinopathy (CSCR) is 
characterized by the accumulation of serous fluid 
beneath the neurosensory retina, leading to a 
localized serous detachment 1. The exact 
pathogenesis of CSCR is not fully understood but is 
believed to result from hyper-permeability of 
choroid and dysfunction of retinal pigment 
epithelium (RPE), which comprises of the 
blood-retinal barrier and leads to accumulation of 
sub-retinal fluid (SRF) 2. CSCR is often associated with 
stress, and corticosteroid use and predominantly 
affects young men aged 30-50 years 3. The 
prevalence of CSCR in males has been seen to be 
9.9/10,000, six times higher than in women, 
1.7/10,000. Patients usually experience symptoms 
such as blurred vision, central scotoma, and visual 
distortion 4. CSCR can be characterized as acute 
and chronic, each with distinct progression and 
treatment strategies5. Acute CSCR is referred to as a 
condition that resolves within 3- 6 months and vision 
returns to normal in 80% of cases with recurrence 
seen in 50% of cases. 15% of the cases in CSCR follow 
the chronic course which persists for more than 12 
months 6. 

The diagnostic investigations include Optical 
Coherence Tomography (OCT) to assess the 
accumulation of fluid and Fundus Fluorescein 
Angiography to identify the area of leakage 7. The 
acute CSCR often resolves spontaneously within 2-3 
months, chronic CSCR requires intervention to 
prevent long-term visual impairment. The treatment 
includes photodynamic therapy, sub-threshold 
laser, anti-vascular endothelial growth factor 
injection (VEGF), and oral mineralocorticoid drugs 8. 
The first line approach in mild or first-time cases is 
observation with lifestyle modification, including 
stress reduction, discontinuation of steroids, stopping 
smoking, and control of blood pressure 9. 

In cases requiring treatment, pharmacological 
treatment has shown promising results. 
Mineralocorticoid receptor antagonists like 
Eplerenone and Spironolactone help to reduce 
choroidal hyperpermeability and promote fluid 
reabsorption 10. Other options include Rifampin, 
which increases choroidal metabolism, and 
Mifepristone, a glucocorticoid receptor antagonist 
under investigation for treatment of CSCR 11.  For 
persistent and chronic cases, laser and 

photodynamic therapy (PDT) are effective 
treatment modalities. The half–dose PDT with 
verteporfin remains the effective option for the 
treatment option for chronic CSCR, as it reduces the 
choroidal hyper-permeability and improves the 
retinal functional with minimal collateral damage12. 
Focal laser photocoagulation can be applied to the 
extra foveal leakage site to accelerate resolution. 
Sub-threshold laser therapy, such as micro pulse 
laser, has emerged as a safer alternative to 
traditional laser photocoagulation, as it minimizes 
retinal damage by delivering a non-continuous 
energy pulse to stimulate RPE repair without causing 
visible burns. This technique is particularly useful in 
cases where the leakage site is closer to fovea 13. 

In some cases, intravitreal anti-vascular endothelial 
growth factors (VEGF) like Ranibizumab and 
Aflibercept may be beneficial, especially when 
choroidal neovascularization is present 14. The 
prognosis of CSCR is generally favorable but chronic 
cases require aggressive management to achieve 
optimal visual outcome. Regular follow-up is 
essential to assess the treatment response 15. There 
has been limited research available on this topic 
both in Pakistan and internationally with no existing 
Meta-analysis. The absence of comprehensive 
evidence leads to uncertainty in clinical decisions. 
The meta-analysis aimed to assess the efficacy of 
sub-threshold versus Spironolactone for the 
treatment of CSCR. Specifically, the analysis seeks to 
determine which treatment options results in better 
visual outcomes and complete resolution of 
sub-retinal fluid with lesser side effects, thereby 
guiding clinical decision-making for managing 
CSCR effectively.

METHODS

Study Design 
A systematic review and meta-analysis of 
randomized studies were conducted following the 
2020 “Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines”16. 
For all practical and analytic aspects of the study, 
we were adherent to the Cochrane 
recommendation. The study protocol was registered 
on PROSPERO (ID: CRD42024596399) before the 
commencement of the research17.
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Inclusion Criteria
The inclusion criteria were based on adults ≥ 18 years 
diagnosed with central serous chorioretinopathy 
(CSCR) ≥ 3 months, confirmed by clinical 
examination and imaging (Optical coherence 
tomography, Fundus Fluorescein Angiography). 
Chronic CSCR is defined as a persistent of 
symptoms. All retrospective and prospective clinical 
trials published in English and approved by 
appropriate ethical approval committees were 
included. Both comparative studies (directly 
comparing sub-threshold laser and spironolactone) 
and separate studies (evaluating either intervention 
independently) were included. Studies must involve 
sub-threshold laser with parameters wavelength 
577nanometer, spot size 100-300 microns, 50-200 
millivolt power, 100-500 millisecond pulse duration, 
and 1-5% duty cycle. Studies must involve 
spironolactone with a dosage of 50-60 mg/day in 
divided doses twice or thrice a day. Comparative 
studies must include sub-threshold versus 
spironolactone including dosages and all 
parameters as separate studies, there should be 
clear information about the parameters and 
dosage. Studies must include all the following 
outcomes related to the effectiveness of treatment: 
Visual acuity assessment was done by using 
Snellen’s chart/ log MAR, and retinal fluid resolution 
and central macular thickness was measured by 
OCT with a minimum of 3 months follow-up.

Exclusion Criteria
Studies with participants with secondary CSCR (such 
as steroid-induced), individuals with significant 
comorbid ocular conditions which affect outcomes 
such as glaucoma, hypertensive retinopathy, 
Diabetic retinopathy and age-related macular 
degeneration) were excluded from the 
meta-analysis. Case reports, reviews, comparative 
studies assessing different treatment options, studies 
involving individual or comparative therapies that 
do not follow the intervention protocol, using 
different wavelength lasers, using different 
sub-threshold laser parameters or using different 
doses of drugs were not included. Studies that do 
not assess the outcome on each follow up visit or 
missed some outcome. Studies published in a 
language other than English and ones with a high 
risk of bias, as determined by quality assessment 
tools, were excluded. 

Literature Search Strategy 
A PRISMA-based search strategy employing 
Boolean operators and the PICO (Patient, 
Interventional, Control, and Outcome) framework 
was implemented across online databases 
including PubMed, Cochrane, EMBASE, and Google 
Scholar. The Boolean operators OR and AND were 
used to connect various synonymous MeSH 
(Medical Subject Headings) terms. The search terms 

included effectiveness of sub-threshold versus 
spironolactone for the treatment of central serous 
chorioretinopathy, Role of sub-threshold laser in the 
treatment of CSCR, and Efficacy of Spironolactone 
for the treatment of CSCR. All relevant RCTs were 
selected for our meta-analysis from January 2010 up 
to August 2024, without applying any filters based on 
language, publication date, author’s name, and 
institute or country of publication. Additionally, the 
search was broadened by employing backward 
snowballing to explore the references of the article 
that initially met our predefined selection criteria. A 
comprehensive overview of the search strategy is 
outlined in Table 1.

Study Selection
The literature screening was conducted using 
Rayyan AI, a web-based application designed to 
assist in systematic reviews and meta-analysis18. A 
redundancy check was implemented to exclude 
duplicate articles from the dataset. The remaining 
articles were meticulously screened by two 
independent authors (AK and AF) based on their 
titles and abstracts to ensure they met the defined 
selection criteria. Any discrepancies were 
thoroughly discussed and resolved with input from a 
third author (QS).

Data Extraction
Research and participant characteristics were 
extracted into an Excel sheet, including study 
framework, population characteristic, sample size, 
group-specific participant count, general patient’s 
characteristics, follow- up and outcome. This data 
was verified by two independent authors (AK and 
AF). Any discrepancies were addressed through 
discussion and consensus with a third reviewer (QS).

Study Quality Assessment
Two reviewers (AK and AF) separately evaluated 

the robustness of the shortlisted studies using the 
revised Cochrane Risk of Bias Tool for RCTs19. They 
analyzed studies based on the method used for 
generating allocation sequence, randomization of 
participants, and handling of missing data. Any 
discrepancies were resolved through consensus.

Data synthesis
The data synthesis was conducted using RevMan 
5.4.1 software, provided by the Cochrane 
Collaboration20. Our meta-analysis included two 
RCTs comparing the efficacy of sub-threshold laser 
and Spironolactone treatment21,22. Due to the 
limited amount of comparative data, the analysis 
was supplemented by incorporating six additional 
RCTs: three focusing on sub-threshold laser alone, 
23, 24, 25, and three assessing Spironolactone alone 
26, 27, 28. Data from each outcome were entered 
to generate forest plots. To provide a standardized 
control for comparison, the control group data from 

the Sinawat 2020 study were used for spironolactone 
in the sub-threshold laser-only studies and for 
sub-threshold laser in the spironolactone-only 
studies. For each outcome, BVCA, CMT, SRF, Risk 
Ratio (RR), and Mean difference (MD) were 
calculated and presented using a forest plot. The 
meta-regression was expressed as a coefficient 
(COeff) with corresponding P-values. A 
random-effect model was employed for the 
meta-analysis and meta-regression, pooling the risk 
ratio along with a 95% confidential interval. 
Statistical significance was defined as a P-value of < 
0.05. Heterogeneity was evaluated using the 
Higgin’Sl2 test, with the value of l2= 25-50% 
considered mild, 50-75% moderate, and >75% 
indicative of substantial heterogeneity. Sensitivity 
analysis was applied to the subgroups to ensure the 
reliability of the outcomes. 

Risk of Bias
The risk of bias for included studies was evaluated 
using the Cochrane Risk of Bias tool for randomized 

controlled trials. The assessment focused on study 
design, adherence to the intended intervention, 
handling of missing outcome data, outcome 
measurement, and the selection of reported results. 
Each study was rated as having low risk, moderate, 
or high risk of bias based on these domains. For 
studies with unclear methodology, additional 
information was sought where possible to clarify 
potential biases.

RESULTS
The search identified 194 records, out of which 19 
were duplicates and 4 were in non-English 
language. 154 of the remaining were considered 
irrelevant due to different treatment strategies used 
for comparison. This resulted in 17 records being 
retrieved in full text for eligibility assessment. After 
comprehensive evaluation 8 studies were found 
eligible and included for quantitative analysis. An 
overview of this process is provided in the PRISMA 
Chart (See Figure 1). 

INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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such as blurred vision, central scotoma, and visual 
distortion 4. CSCR can be characterized as acute 
and chronic, each with distinct progression and 
treatment strategies5. Acute CSCR is referred to as a 
condition that resolves within 3- 6 months and vision 
returns to normal in 80% of cases with recurrence 
seen in 50% of cases. 15% of the cases in CSCR follow 
the chronic course which persists for more than 12 
months 6. 

The diagnostic investigations include Optical 
Coherence Tomography (OCT) to assess the 
accumulation of fluid and Fundus Fluorescein 
Angiography to identify the area of leakage 7. The 
acute CSCR often resolves spontaneously within 2-3 
months, chronic CSCR requires intervention to 
prevent long-term visual impairment. The treatment 
includes photodynamic therapy, sub-threshold 
laser, anti-vascular endothelial growth factor 
injection (VEGF), and oral mineralocorticoid drugs 8. 
The first line approach in mild or first-time cases is 
observation with lifestyle modification, including 
stress reduction, discontinuation of steroids, stopping 
smoking, and control of blood pressure 9. 

In cases requiring treatment, pharmacological 
treatment has shown promising results. 
Mineralocorticoid receptor antagonists like 
Eplerenone and Spironolactone help to reduce 
choroidal hyperpermeability and promote fluid 
reabsorption 10. Other options include Rifampin, 
which increases choroidal metabolism, and 
Mifepristone, a glucocorticoid receptor antagonist 
under investigation for treatment of CSCR 11.  For 
persistent and chronic cases, laser and 

photodynamic therapy (PDT) are effective 
treatment modalities. The half–dose PDT with 
verteporfin remains the effective option for the 
treatment option for chronic CSCR, as it reduces the 
choroidal hyper-permeability and improves the 
retinal functional with minimal collateral damage. 12. 
Focal laser photocoagulation can be applied to the 
extra foveal leakage site to accelerate resolution. 
Sub-threshold laser therapy, such as micro pulse 
laser, has emerged as a safer alternative to 
traditional laser photocoagulation, as it minimizes 
retinal damage by delivering a non-continuous 
energy pulse to stimulate RPE repair without causing 
visible burns. This technique is particularly useful in 
cases where the leakage site is closer to fovea 13. 

In some cases, intravitreal anti-vascular endothelial 
growth factors (VEGF) like Ranibizumab and 
Aflibercept may be beneficial, especially when 
choroidal neovascularization is present 14. The 
prognosis of CSCR is generally favorable but chronic 
cases require aggressive management to achieve 
optimal visual outcome. Regular follow-up is 
essential to assess the treatment response 15. There 
has been limited research available on this topic 
both in Pakistan and internationally with no existing 
Meta-analysis. The absence of comprehensive 
evidence leads to uncertainty in clinical decisions. 
The meta-analysis aimed to assess the efficacy of 
sub-threshold versus Spironolactone for the 
treatment of CSCR. Specifically, the analysis seeks to 
determine which treatment options results in better 
visual outcomes and complete resolution of 
sub-retinal fluid with lesser side effects, thereby 
guiding clinical decision-making for managing 
CSCR effectively.

METHODS

Study Design
A systematic review and meta-analysis of 
randomized studies were conducted following the 
2020 “Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines”16. 
For all practical and analytic aspects of the study, 
we were adherent to the Cochrane 
recommendation. The study protocol was registered 
on PROSPERO (ID: CRD42024596399) before the 
commencement of the research17.
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Inclusion Criteria
The inclusion criteria were based on adults ≥ 18 years 
diagnosed with central serous chorioretinopathy 
(CSCR) ≥ 3 months, confirmed by clinical 
examination and imaging (Optical coherence 
tomography, Fundus Fluorescein Angiography). 
Chronic CSCR is defined as a persistent of 
symptoms. All retrospective and prospective clinical 
trials published in English and approved by 
appropriate ethical approval committees were 
included. Both comparative studies (directly 
comparing sub-threshold laser and spironolactone) 
and separate studies (evaluating either intervention 
independently) were included. Studies must involve 
sub-threshold laser with parameters wavelength 
577nanometer, spot size 100-300 microns, 50-200 
millivolt power, 100-500 millisecond pulse duration, 
and 1-5% duty cycle. Studies must involve 
spironolactone with a dosage of 50-60 mg/day in 
divided doses twice or thrice a day. Comparative 
studies must include sub-threshold versus 
spironolactone including dosages and all 
parameters as separate studies, there should be 
clear information about the parameters and 
dosage. Studies must include all the following 
outcomes related to the effectiveness of treatment: 
Visual acuity assessment was done by using 
Snellen’s chart/ log MAR, and retinal fluid resolution 
and central macular thickness was measured by 
OCT with a minimum of 3 months follow-up.

Exclusion Criteria
Studies with participants with secondary CSCR (such 
as steroid-induced), individuals with significant 
comorbid ocular conditions which affect outcomes 
such as glaucoma, hypertensive retinopathy, 
Diabetic retinopathy and age-related macular 
degeneration) were excluded from the 
meta-analysis. Case reports, reviews, comparative 
studies assessing different treatment options, studies 
involving individual or comparative therapies that 
do not follow the intervention protocol, using 
different wavelength lasers, using different 
sub-threshold laser parameters or using different 
doses of drugs were not included. Studies that do 
not assess the outcome on each follow up visit or 
missed some outcome. Studies published in a 
language other than English and ones with a high 
risk of bias, as determined by quality assessment 
tools, were excluded. 

Literature Search Strategy 
A PRISMA-based search strategy employing 
Boolean operators and the PICO (Patient, 
Interventional, Control, and Outcome) framework 
was implemented across online databases 
including PubMed, Cochrane, EMBASE, and Google 
Scholar. The Boolean operators OR and AND were 
used to connect various synonymous MeSH 
(Medical Subject Headings) terms. The search terms 

included effectiveness of sub-threshold versus 
spironolactone for the treatment of central serous 
chorioretinopathy, Role of sub-threshold laser in the 
treatment of CSCR, and Efficacy of Spironolactone 
for the treatment of CSCR. All relevant RCTs were 
selected for our meta-analysis from January 2010 up 
to August 2024, without applying any filters based on 
language, publication date, author’s name, and 
institute or country of publication. Additionally, the 
search was broadened by employing backward 
snowballing to explore the references of the article 
that initially met our predefined selection criteria. A 
comprehensive overview of the search strategy is 
outlined in Table 1.

Study Selection
The literature screening was conducted using 
Rayyan AI, a web-based application designed to 
assist in systematic reviews and meta-analysis18. A 
redundancy check was implemented to exclude 
duplicate articles from the dataset. The remaining 
articles were meticulously screened by two 
independent authors (AK and AF) based on their 
titles and abstracts to ensure they met the defined 
selection criteria. Any discrepancies were 
thoroughly discussed and resolved with input from a 
third author (QS).

Data Extraction
Research and participant characteristics were 
extracted into an Excel sheet, including study 
framework, population characteristic, sample size, 
group-specific participant count, general patient’s 
characteristics, follow- up and outcome. This data 
was verified by two independent authors (AK and 
AF). Any discrepancies were addressed through 
discussion and consensus with a third reviewer (QS).

Study Quality Assessment
 Two reviewers (AK and AF) separately evaluated 
the robustness of the shortlisted studies using the 
revised Cochrane Risk of Bias Tool for RCTs19. They 
analyzed studies based on the method used for 
generating allocation sequence, randomization of 
participants, and handling of missing data. Any 
discrepancies were resolved through consensus.

Data synthesis
The data synthesis was conducted using RevMan 
5.4.1 software, provided by the Cochrane 
Collaboration20. Our meta-analysis included two 
RCTs comparing the efficacy of sub-threshold laser 
and Spironolactone treatment21,22. Due to the 
limited amount of comparative data, the analysis 
was supplemented by incorporating six additional 
RCTs: three focusing on sub-threshold laser alone, 
23, 24, 25, and three assessing Spironolactone alone 26, 

27, 28. Data from each outcome were entered to 
generate forest plots. To provide a standardized 
control for comparison, the control group data from 

the Sinawat 2020 study were used for spironolactone 
in the sub-threshold laser-only studies and for 
sub-threshold laser in the spironolactone-only 
studies. For each outcome, BVCA, CMT, SRF, Risk 
Ratio (RR), and Mean difference (MD) were 
calculated and presented using a forest plot. The 
meta-regression was expressed as a coefficient 
(COeff) with corresponding P-values. A 
random-effect model was employed for the 
meta-analysis and meta-regression, pooling the risk 
ratio along with a 95% confidential interval. 
Statistical significance was defined as a P-value of < 
0.05. Heterogeneity was evaluated using the 
Higgin’Sl2 test, with the value of l2= 25-50% 
considered mild, 50-75% moderate, and >75% 
indicative of substantial heterogeneity. Sensitivity 
analysis was applied to the subgroups to ensure the 
reliability of the outcomes. 

Risk of Bias
The risk of bias for included studies was evaluated 
using the Cochrane Risk of Bias tool for randomized 

controlled trials. The assessment focused on study 
design, adherence to the intended intervention, 
handling of missing outcome data, outcome 
measurement, and the selection of reported results. 
Each study was rated as having low risk, moderate, 
or high risk of bias based on these domains. For 
studies with unclear methodology, additional 
information was sought where possible to clarify 
potential biases.

RESULTS
The search identified 194 records, out of which 19 
were duplicates and 4 were in non-English 
language. 154 of the remaining were considered 
irrelevant due to different treatment strategies used 
for comparison. This resulted in 17 records being 
retrieved in full text for eligibility assessment. After 
comprehensive evaluation 8 studies were found 
eligible and included for quantitative analysis. An 
overview of this process is provided in the PRISMA 
Chart (See Figure 1). 
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The Effectiveness of Sub-Threshold Laser Versus Spironolactone for the Treatment of Central Serous Chorioretinopathy:
A Systematic Review and Meta-Analysis

INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.



PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02)

INTRODUCTION
Central Serous Chorioretinopathy (CSCR) is 
characterized by the accumulation of serous fluid 
beneath the neurosensory retina, leading to a 
localized serous detachment 1. The exact 
pathogenesis of CSCR is not fully understood but is 
believed to result from hyper-permeability of 
choroid and dysfunction of retinal pigment 
epithelium (RPE), which comprises of the 
blood-retinal barrier and leads to accumulation of 
sub-retinal fluid (SRF) 2. CSCR is often associated with 
stress, and corticosteroid use and predominantly 
affects young men aged 30-50 years 3. The 
prevalence of CSCR in males has been seen to be 
9.9/10,000, six times higher than in women, 
1.7/10,000. Patients usually experience symptoms 
such as blurred vision, central scotoma, and visual 
distortion 4. CSCR can be characterized as acute 
and chronic, each with distinct progression and 
treatment strategies5. Acute CSCR is referred to as a 
condition that resolves within 3- 6 months and vision 
returns to normal in 80% of cases with recurrence 
seen in 50% of cases. 15% of the cases in CSCR follow 
the chronic course which persists for more than 12 
months 6. 

The diagnostic investigations include Optical 
Coherence Tomography (OCT) to assess the 
accumulation of fluid and Fundus Fluorescein 
Angiography to identify the area of leakage 7. The 
acute CSCR often resolves spontaneously within 2-3 
months, chronic CSCR requires intervention to 
prevent long-term visual impairment. The treatment 
includes photodynamic therapy, sub-threshold 
laser, anti-vascular endothelial growth factor 
injection (VEGF), and oral mineralocorticoid drugs 8. 
The first line approach in mild or first-time cases is 
observation with lifestyle modification, including 
stress reduction, discontinuation of steroids, stopping 
smoking, and control of blood pressure 9. 

In cases requiring treatment, pharmacological 
treatment has shown promising results. 
Mineralocorticoid receptor antagonists like 
Eplerenone and Spironolactone help to reduce 
choroidal hyperpermeability and promote fluid 
reabsorption 10. Other options include Rifampin, 
which increases choroidal metabolism, and 
Mifepristone, a glucocorticoid receptor antagonist 
under investigation for treatment of CSCR 11.  For 
persistent and chronic cases, laser and 

photodynamic therapy (PDT) are effective 
treatment modalities. The half–dose PDT with 
verteporfin remains the effective option for the 
treatment option for chronic CSCR, as it reduces the 
choroidal hyper-permeability and improves the 
retinal functional with minimal collateral damage. 12. 
Focal laser photocoagulation can be applied to the 
extra foveal leakage site to accelerate resolution. 
Sub-threshold laser therapy, such as micro pulse 
laser, has emerged as a safer alternative to 
traditional laser photocoagulation, as it minimizes 
retinal damage by delivering a non-continuous 
energy pulse to stimulate RPE repair without causing 
visible burns. This technique is particularly useful in 
cases where the leakage site is closer to fovea 13. 

In some cases, intravitreal anti-vascular endothelial 
growth factors (VEGF) like Ranibizumab and 
Aflibercept may be beneficial, especially when 
choroidal neovascularization is present 14. The 
prognosis of CSCR is generally favorable but chronic 
cases require aggressive management to achieve 
optimal visual outcome. Regular follow-up is 
essential to assess the treatment response 15. There 
has been limited research available on this topic 
both in Pakistan and internationally with no existing 
Meta-analysis. The absence of comprehensive 
evidence leads to uncertainty in clinical decisions. 
The meta-analysis aimed to assess the efficacy of 
sub-threshold versus Spironolactone for the 
treatment of CSCR. Specifically, the analysis seeks to 
determine which treatment options results in better 
visual outcomes and complete resolution of 
sub-retinal fluid with lesser side effects, thereby 
guiding clinical decision-making for managing 
CSCR effectively.

METHODS

Study Design
A systematic review and meta-analysis of 
randomized studies were conducted following the 
2020 “Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines”16. 
For all practical and analytic aspects of the study, 
we were adherent to the Cochrane 
recommendation. The study protocol was registered 
on PROSPERO (ID: CRD42024596399) before the 
commencement of the research17.

Inclusion Criteria
The inclusion criteria were based on adults ≥ 18 years 
diagnosed with central serous chorioretinopathy 
(CSCR) ≥ 3 months, confirmed by clinical 
examination and imaging (Optical coherence 
tomography, Fundus Fluorescein Angiography). 
Chronic CSCR is defined as a persistent of 
symptoms. All retrospective and prospective clinical 
trials published in English and approved by 
appropriate ethical approval committees were 
included. Both comparative studies (directly 
comparing sub-threshold laser and spironolactone) 
and separate studies (evaluating either intervention 
independently) were included. Studies must involve 
sub-threshold laser with parameters wavelength 
577nanometer, spot size 100-300 microns, 50-200 
millivolt power, 100-500 millisecond pulse duration, 
and 1-5% duty cycle. Studies must involve 
spironolactone with a dosage of 50-60 mg/day in 
divided doses twice or thrice a day. Comparative 
studies must include sub-threshold versus 
spironolactone including dosages and all 
parameters as separate studies, there should be 
clear information about the parameters and 
dosage. Studies must include all the following 
outcomes related to the effectiveness of treatment: 
Visual acuity assessment was done by using 
Snellen’s chart/ log MAR, and retinal fluid resolution 
and central macular thickness was measured by 
OCT with a minimum of 3 months follow-up.

Exclusion Criteria
Studies with participants with secondary CSCR (such 
as steroid-induced), individuals with significant 
comorbid ocular conditions which affect outcomes 
such as glaucoma, hypertensive retinopathy, 
Diabetic retinopathy and age-related macular 
degeneration) were excluded from the 
meta-analysis. Case reports, reviews, comparative 
studies assessing different treatment options, studies 
involving individual or comparative therapies that 
do not follow the intervention protocol, using 
different wavelength lasers, using different 
sub-threshold laser parameters or using different 
doses of drugs were not included. Studies that do 
not assess the outcome on each follow up visit or 
missed some outcome. Studies published in a 
language other than English and ones with a high 
risk of bias, as determined by quality assessment 
tools, were excluded. 

Literature Search Strategy 
A PRISMA-based search strategy employing 
Boolean operators and the PICO (Patient, 
Interventional, Control, and Outcome) framework 
was implemented across online databases 
including PubMed, Cochrane, EMBASE, and Google 
Scholar. The Boolean operators OR and AND were 
used to connect various synonymous MeSH 
(Medical Subject Headings) terms. The search terms 

included effectiveness of sub-threshold versus 
spironolactone for the treatment of central serous 
chorioretinopathy, Role of sub-threshold laser in the 
treatment of CSCR, and Efficacy of Spironolactone 
for the treatment of CSCR. All relevant RCTs were 
selected for our meta-analysis from January 2010 up 
to August 2024, without applying any filters based on 
language, publication date, author’s name, and 
institute or country of publication. Additionally, the 
search was broadened by employing backward 
snowballing to explore the references of the article 
that initially met our predefined selection criteria. A 
comprehensive overview of the search strategy is 
outlined in Table 1.

Study Selection
The literature screening was conducted using 
Rayyan AI, a web-based application designed to 
assist in systematic reviews and meta-analysis18. A 
redundancy check was implemented to exclude 
duplicate articles from the dataset. The remaining 
articles were meticulously screened by two 
independent authors (AK and AF) based on their 
titles and abstracts to ensure they met the defined 
selection criteria. Any discrepancies were 
thoroughly discussed and resolved with input from a 
third author (QS).

Data Extraction
Research and participant characteristics were 
extracted into an Excel sheet, including study 
framework, population characteristic, sample size, 
group-specific participant count, general patient’s 
characteristics, follow- up and outcome. This data 
was verified by two independent authors (AK and 
AF). Any discrepancies were addressed through 
discussion and consensus with a third reviewer (QS).

Study Quality Assessment
Two reviewers (AK and AF) separately evaluated 

the robustness of the shortlisted studies using the 
revised Cochrane Risk of Bias Tool for RCTs19. They 
analyzed studies based on the method used for 
generating allocation sequence, randomization of 
participants, and handling of missing data. Any 
discrepancies were resolved through consensus.

Data synthesis
The data synthesis was conducted using RevMan 
5.4.1 software, provided by the Cochrane 
Collaboration20. Our meta-analysis included two 
RCTs comparing the efficacy of sub-threshold laser 
and Spironolactone treatment21,22. Due to the 
limited amount of comparative data, the analysis 
was supplemented by incorporating six additional 
RCTs: three focusing on sub-threshold laser alone, 
23, 24, 25, and three assessing Spironolactone alone 
26, 27, 28. Data from each outcome were entered 
to generate forest plots. To provide a standardized 
control for comparison, the control group data from 

the Sinawat 2020 study were used for spironolactone 
in the sub-threshold laser-only studies and for 
sub-threshold laser in the spironolactone-only 
studies. For each outcome, BVCA, CMT, SRF, Risk 
Ratio (RR), and Mean difference (MD) were 
calculated and presented using a forest plot. The 
meta-regression was expressed as a coefficient 
(COeff) with corresponding P-values. A 
random-effect model was employed for the 
meta-analysis and meta-regression, pooling the risk 
ratio along with a 95% confidential interval. 
Statistical significance was defined as a P-value of < 
0.05. Heterogeneity was evaluated using the 
Higgin’Sl2 test, with the value of l2= 25-50% 
considered mild, 50-75% moderate, and >75% 
indicative of substantial heterogeneity. Sensitivity 
analysis was applied to the subgroups to ensure the 
reliability of the outcomes. 

Risk of Bias 
The risk of bias for included studies was evaluated 
using the Cochrane Risk of Bias tool for randomized 

controlled trials. The assessment focused on study 
design, adherence to the intended intervention, 
handling of missing outcome data, outcome 
measurement, and the selection of reported results. 
Each study was rated as having low risk, moderate, 
or high risk of bias based on these domains. For 
studies with unclear methodology, additional 
information was sought where possible to clarify 
potential biases.

RESULTS
The search identified 194 records, out of which 19 
were duplicates and 4 were in non-English 
language. 154 of the remaining were considered 
irrelevant due to different treatment strategies used 
for comparison. This resulted in 17 records being 
retrieved in full text for eligibility assessment. After 
comprehensive evaluation 8 studies were found 
eligible and included for quantitative analysis. An 
overview of this process is provided in the PRISMA 
Chart (See Figure 1). 
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Figure 1: PRISMA Flowchart 

Characteristics of Eligible Studies 

The 8 eligible studies included in the meta-analysis comprised 371 eyes of chronic CSCR patients. Among 
these, 204 patients received sub-threshold laser therapy while 167 were treated with Oral Spironolactone. 
The age and gender distribution of the study groups were consistent across all studies. The average age of 
patients was found to be 46.96 years. On average, males constituted the majority across all studies, with a 
male-to-female ratio of 3.39:1. Males accounted for 77.24% of the total population, while females 
represented 22.76%. The mean follow-up period was 7.82 ± 3.36 months. All the studies included a mean 
baseline BCVA of 0.31 ± 0.3. Table 1 outlines the baseline characteristics of each study included.   

Primary Outcomes 
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INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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    Table 1 : Demographic and clinical characteristics of individual studies  

The individual data of included studies including demographic information and clinical assessment, 
treatment option and outcome were shown in (Table 1).  The study duration ranged from 1 to 6 years. The 
mean ages were between 42.4 and 48.95 years with predominantly male participants. The sub-threshold 
laser showed higher resolution rates (66%-80.6%) ass compared to Spironolactone (57.1%-76.9%). Studies with 
focused on Spironolactone only showed higher unresolved rates as compared to those with Sub-threshold 
as the only intervention.    

Risk of Bias Assessment 

Table 2: Risk of Bias Summary Based on Cochrane’s Risk of Bias Tool 
Study Randomization 

Process 
Deviations 

from 
Intended 

Interventions 

Missing 
Outcomes 

Data 

Measurements 
of Outcomes 

Selection 
of 

Reported 
Results 

Overall 
Risk of 
Bias 

Mercuri 
2024 

Some concerns  Low Risk Low Risk Low Risk Low Risk Low Risk 

GOA 2024 Low Risk Low Risk Low Risk Some concerns  Low Risk Low Risk 
Altine 
2021 

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Isik 2020 Low Risk Low Risk Low Risk Some concerns  Low Risk Low Risk 
Uzlu 2021 Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 
GAO 2 
2024 

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Herold 
2017 

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Sinawat 
2020 

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

The risk of bias for each included study was assessed 
using Cochrane’s Risk of Bias 2 (RoB 2) tool (Table 2). 
Each study was evaluated across the 5 domains: 
randomization process, deviations from intended 
interventions, missing outcomes data, 
measurements of outcomes, and selection of 
reported results. They were categorized as having 
low risk, some concerns, or high risk. The assessment 
indicated a predominantly low risk in most 

categories in 87.5% (7) of the studies. However, 
12.5% (1) study raised some concerns regarding the 
randomization process while 25% (2) of the studies 
showed some concerns in the measurement of 
outcomes. 

Sensitivity Analysis 
An analysis of sensitivity was performed for the 
outcomes with heterogeneity greater than 50% to 

assess the impact of individual studies on the overall 
variability. For BCVA in 3rd month, removing Isik 2020 
reduced the heterogeneity (I2) from 92% to 1%, with 
the recalculated MD showing a slight shift from MD= 
0.06, 95%CI-0.12 to 0.24; P=0.53; l2= 92%) to MD= 
-0.01, 95%CI-0.07 to 0.05; P=0.42; l2= 1%) indicating 
that the study contributed significantly to the 
observed heterogeneity. Similarly, for CMT at 3rd 
month, the exclusion of Isik 2020 led to a decrease in 
heterogeneity from 58.1% to 17%, with the MD 
changing from (MD -14.47, 95% CI -37.41 -8.46; P= 
0.22), I2= 58.1%) to (MD -1.50, 95% CI -17.92, 14.93; P= 
0.30), I2= 17%) improving the consistency across 
studies. In the analysis of SRF at 6th, removing month 
GAO2 within the subgroup reduced the 
heterogeneity from 83% to 0% with MD going from 
97(95%CI 70.48 -123.52; I2=83), to 48.22(95%CI 9.58 – 
86.85; I2=0), resolving the variability in this outcome. 
These adjustments demonstrated that certain 

studies were driving the heterogeneity in results.
All 8 reported studies assessed BCVA, SRF, and CMT 
at 3 months follow-up as an outcome. For the BCVA 
comparative studies of sub-threshold laser versus 
spironolactone no statistically significant effect was 
observed compared to control (MD=-0.06, 95% CI 
-0.17 to 0.05; P=0.25; l2 =0%). Subgroup analysis for 
sub-threshold laser alone and spironolactone laser 
alone and spironolactone were not estimable due 
to insufficient data. The reported mean difference 
ranged from -0.02 to 0.05 for the Sub-threshold 
group and 0.04 to 0.13 for the Spironolactone only 
group with a confidence interval indicating no 
significant improvement. The low heterogeneity 
(12=0%) suggests consistency across studies, 
reinforcing that neither treatment is superior in 
improving BCV at 3 months. (Figure: 1) 
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The Effectiveness of Sub-Threshold Laser Versus Spironolactone for the Treatment of Central Serous Chorioretinopathy:
A Systematic Review and Meta-Analysis

INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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The risk of bias for each included study was assessed 
using Cochrane’s Risk of Bias 2 (RoB 2) tool (Table 2). 
Each study was evaluated across the 5 domains: 
randomization process, deviations from intended 
interventions, missing outcomes data, 
measurements of outcomes, and selection of 
reported results. They were categorized as having 
low risk, some concerns, or high risk. The assessment 
indicated a predominantly low risk in most 

categories in 87.5% (7) of the studies. However, 
12.5% (1) study raised some concerns regarding the 
randomization process while 25% (2) of the studies 
showed some concerns in the measurement of 
outcomes. 

Sensitivity Analysis 
An analysis of sensitivity was performed for the 
outcomes with heterogeneity greater than 50% to 

assess the impact of individual studies on the overall 
variability.  For BCVA in 3rd month, removing Isik 
2020 reduced the heterogeneity (I2) from 92% to 
1%, with the recalculated MD showing a slight shift 
from MD= 0.06, 95%CI-0.12 to 0.24; P=0.53; l2= 92%) 
to MD= -0.01, 95%CI-0.07 to 0.05; P=0.42; l2= 1%) 
indicating that the study contributed 
significantly to the observed heterogeneity. 
Similarly, for CMT at 3rd month, the exclusion of Isik 
2020 led to a decrease in heterogeneity from 58.1% 
to 17%, with the MD changing from (MD -14.47, 95% 
CI -37.41 -8.46; P= 0.22), I2= 58.1%) to (MD -1.50, 95% 
CI -17.92, 14.93; P= 0.30), I2= 17%) improving the 
consistency across studies. In the analysis of SRF at 
6th, removing month GAO2 within the 
subgroup reduced the heterogeneity from 
83% to 0% with MD going from 97(95%CI 70.48 
-123.52; I2=83), to 48.22(95%CI 9.58 – 86.85; I2=0), 
resolving the variability in this outcome. These 
adjustments demonstrated that certain 

studies were driving the heterogeneity in results. 
All 8 reported studies assessed BCVA, SRF, and CMT 
at 3 months follow-up as an outcome.  For the BCVA 
comparative studies of sub-threshold laser versus 
spironolactone no statistically significant effect was 
observed compared to control (MD=-0.06, 95% CI 
-0.17 to 0.05; P=0.25; l2 =0%). Subgroup analysis for 
sub-threshold laser alone and spironolactone laser 
alone and spironolactone were not estimable due 
to insufficient data. The reported mean difference 
ranged from -0.02 to 0.05 for the Sub-threshold 
group and 0.04 to 0.13 for the Spironolactone only 
group with a confidence interval indicating no 
significant improvement. The low heterogeneity 
(12=0%) suggests consistency across studies, 
reinforcing that neither treatment is superior in 
improving BCV at 3 months. (Figure: 1) 

Figure: 1 Forest plot of best corrected visual acuity outcome at 3rd-month green square and their respective 
lines are the point estimate and 95% confidence intervals per study. Small black diamond showed study 
subgroups and large diamond represent pooled effect estimate. 

The forest plot compares the 3-month Sub-retinal fluid (SRF) outcomes between sub-threshold laser and 
spironolactone treatments. The overall mean difference is 12.62 (95% CI: 39.74 to 14.49), indicating no 
significant difference between the two interventions (p = 0.36). Subgroup analyses for sub-threshold laser 
alone and spironolactone alone were not estimable due to insufficient data, with wide confidence intervals 
suggesting no clear advantage. The reported mean differences ranged widely, from 54.13 to -127.04 for 
sub-threshold laser only and 11.90 to 37.50 for the spironolactone-only group. Moderate heterogeneity 
(I2=52%) indicates some inconsistency among studies, reinforcing that neither treatment demonstrates a 
clear advantage in reducing CMT at 3 months.  (Figure: 2)  
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INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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Figure: 2 The Forest Plot of Sub- Retinal fluid outcomes at 3rd month green square and their respective lines 
are the point estimate and 95% confidential intervals per study. Small black diamond showed study 
subgroups and large diamond represent the pooled effect estimate. The data was assessed quantitatively 
on basis of level of fluid present.   

The forest plot evaluates central thickness (CMT) at 3 months, comparing sub-threshold laser and 
spironolactone treatments. The overall mean difference is 7.34 (95% CI: -4.91, 19.59), suggesting no significant 
difference between the two interventions (p = 0.24). High heterogeneity (I  = 74%) indicates substantial 
variability across studies. Subgroup analysis for sub-threshold laser alone and spironolactone alone was not 
estimable due to limited data, with wide confidence intervals. The reported mean differences varied widely, 
from -34.50 to -17.74 for Sub-threshold only and -9.90 to 20.33 for Spironolactone group indicating no 
significant difference between the two interventions.  (Figure: 3). 

Figure: 3 The Forest Plot of central macular thickness outcome at 3rd month green square and their respective 
lines are the point estimate and 95% confidential intervals per study. Small black diamond showed study 
subgroups and large diamond represent pooled effect estimate. 

To assess the long term outcome of both studies, the 6th month follow-up results for BCVA, SRF and CMT were 
also analyzed. However due to limited availability of comparative data forest plots could not be utilized for 
the analysis.  In comparative studies (Spironolactone versus Sub-threshold laser) the outcome related to 
BCVA showed no significant difference (MD: 0.04, 95% CI -0.09 -0.17; P= 0.54), with no heterogeneity reported. 
In Sub-threshold only group, all 3 studies showed non- significant overall effect (MD; 0.02, 95%CI -0.10 -0.14; 
P= 0.74; I2= 0%) showing consistency across the studies with no heterogeneity. For the spironolactone group 
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The Effectiveness of Sub-Threshold Laser Versus Spironolactone for the Treatment of Central Serous Chorioretinopathy:
A Systematic Review and Meta-Analysis

INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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no statistically significant difference was found between 3 studies (MD; 0.02, 95% CI-0.01 -0.14; P =0.74; I2 
=47%). In the overall analysis, there was no statistically significant difference between sub-threshold laser and 
Spironolactone (MD; 0.00, 95% CI -0.07; P= 0.99; I2=31%, indicating the similarity between two interventions.  

An overall statistically significant reduction in SRF level was observed in studies of Spironolactone versus sub-
threshold laser   (MD; -32.25, 95%CI -48.02- TO -16.48; P<0.00001; I2=97%). For the comparison between sub-
threshold versus Spironolactone, 1 study (Gao2024) reported a mean difference of -30.90(95%CI -68.92 - 7.12), 
showing no statistical difference between 2 groups and no heterogeneity was reported. In sub-threshold only 
group all 3 studies showed significant reduction in SRF with mean difference (MD; -129.15, 95%CI -152.05 to -
106.25; P<0.00001; I2=43%). In contrast, for the Spironolactone only group reported a significant mean 
difference of 97(95%CI 70.48 -123.52, with substantial heterogeneity (I2=83%). Overall, the analysis 
demonstrated a significant effect favoring Spironolactone in reduction SRF, although there was high 
heterogeneity (I2= 97%) among the studies. The test for subgroup differences was also found significant 
(P<0.00001; I2= 98.8%) indicating that the treatment effects differed significant across the analyzed 
subgroups.  

CMT was assessed at 6th month showing statistically significant difference favoring sub-threshold laser was 
observed as compare to Spironolactone (MD; 47.99, 95% CI 31.20 – 64.77; P<0.001; I2 =97%). Regarding the 
sub-threshold versus Spironolactone 1 study (Gao 2024) reported a significant mean difference 200.60; 95% 
CI 170.82 – 230.38), favoring sub- threshold laser, with no heterogeneity reported (I2= 0%). In sub-threshold 
group 3 studies showed a significant difference (MD; -95.61, 95% CI -123.05 to -68.17; P< 0.001; I2=0%. In 
contrast, for the spironolactone only group reported mean difference 65.89, 95% CI 34.85 – 95.30; P< 0.001; 
I2=0%). Overall, a significant effect in favor of sub-threshold laser was observed, but high heterogeneity 
(I2=97%) indicates variability in study results. The test for subgroup difference was also significant (P<0.001; I2= 
99%) suggesting the treatment effect differs across the subgroup analyzed.  

DISCUSSION
Central serous retinopathy (CSCR) is a common 
retinal condition characterized by serous 
detachment of the neurosensory retina 29. CSCR is 
caused by a combination of choroidal vascular 
dysfunction and retinal pigment epithelial 
impairment 30. An increase in choroidal permeability 
and hydrostatic pressure leads to leakage of fluid 
leakage, while retinal pigment epithelium (RPE) fails 
to pump out the accumulated fluid, resulting in 
serous retinal detachment 31. The CSCR is a 
multifactorial disease, elevated levels of 
corticosteroids whether endogenous (stress) or 
exogenous (medication) play a key role by 
increasing choroidal permeability and inhibiting RPE 
function. Systemic factors like hypertension, H. pylori, 
sleep disturbance and genetic predisposition, 
smoking, and alcohol may contribute to disease 
susceptibility 32.   Sub-threshold laser therapy, a 
non-damaging photo thermal approach, has 
emerged as a promising intervention to stimulate 
retinal pigment epithelium healing without causing 
visible retinal damage33. Spironolactone, a 
mineralocorticoid receptor antagonist, has shown 
potential in the treatment of CSCR due to its effect 
on choroidal permeability and fluid regulation. By 
blocking the mineralocorticoid receptors 
Spironolactone reduces the choroidal congestion, 
decreases fluid leakage, and improves RPE function. 
These both provide safer and more targeted 
treatment options for CSCR34.   Patients with CSCR 
often experience varying degrees of visual 
disturbance and metamorphopsia 35. Although the 

condition is typically self-limiting with a favorable 
visual prognosis, a significant number of cases 
exhibit recurrent episodes, while others develop 
persistent subretinal fluid despite the treatment 36. 
Over time these recurrences and fluid persistence 
can lead to irreversible visual loss or long-term visual 
impairment37.  Chronic CSCR may result in retinal 
pigment epithelium atrophy, causing progressive 
central vision deterioration 38. Persistent sub-retinal 
fluid leads to photoreceptor damage, increasing 
the risk of permanent vision deficits 39. In some cases, 
choroidal neovascularization and sub-retinal fibrosis 
may develop contributing to reduced visual acuity. 
Therefore, conducting a long-term follow-up is 
crucial to understand the underlying factors 40. This 
meta-analysis aimed to compare the efficacy of 
sub-threshold laser therapy and oral spironolactone 
in the treatment of CSCR> 3 months based on the 
assessment of BCVA, SRF, and CMT. Our 
meta-analysis is the 1st of its kind to comprehensively 
evaluate these treatment modalities in CSCR, 
highlighting the unique contribution of our work to 
the existing literature. A rigorous search yields 194 
records, ultimately leading to the inclusion of 8 
studies and involving 371 eyes, which provide a 
robust basis for analysis. The analysis revealed that 
neither treatment demonstrated a statistically 
significant effect on BCVA at the three-month 
follow-up. Specifically, comparative studies of 
sub-threshold versus spironolactone resulted in a 
standard mean difference of 0.21, indicating no 
meaningful difference between the 2 modalities. 
Interestingly, sub-threshold laser therapy alone did 

show a statistically significant benefit, but high 
heterogeneity (I2= 96%) limits the interpretability of 
these results. The predominance of male 
participants (77.24%) and the consistent average 
age of 46.96 years across the studies suggest that 
this treatment may primarily target a specific 
demographic, which should be considered when 
generalizing findings. In terms of SRF reduction, the 
results indicated a significant advantage for 
spironolactone over sub-threshold laser treatment 
(MD -27.93), with an impressive p-value of< 0.0001 
and high heterogeneity (I2= 96%). Notably, the 
subgroup analyses highlighted that spironolactone 
consistency outperformed sub-threshold laser in SRF 
reduction at the 6th-month mark, further 
emphasizing the potential of spironolactone as a 
preferred treatment strategy for this condition. CMT 
assessment at the 3rd and 6th months received no 
statistical differences between treatments, 
indicating that while sub-retinal fluid may be 
reduced more effectively with spironolactone, it 
does not necessarily correlate with changes in 
macular thickness. This dissociation between SRF 
and CMT responses suggests that different 
mechanisms may underpin the therapeutic effects 
of these treatments and indicate that further need 
to investigate the biological processes. The finding 
suggests that while both modalities are effective in 
managing the CSCR, they may serve different 
therapeutic purposes. The significant reduction in 
SRF was associated with spironolactone suggesting 
its utility in managing fluid accumulation, which is 
often a primary concern in CSCR treatment.

While this meta-analysis provides valuable insight, it 
is not without limitations. The small number of studies 
and high heterogeneity observed in several 
outcomes necessitate caution in interpreting these 
results. Future research should aim to conduct 
larger, multicenter controlled trials that address 
these limitations, with a focus on long-term 
outcomes, quality of assessments, and potential side 
effects associated with each treatment. 
Additionally, exploring the underlying mechanism of 
action for both treatment modalities could enhance 
our understanding of their respective role in 
managing CSCR.

CONCLUSION
In conclusion, while both sub-threshold laser therapy 
and spironolactone play vital role in the 
management of CSCR. This meta-analysis 
advocates for the prioritization of spironolactone 
based on its superior performance in reducing the 
CSCR. As our understanding of chronic CSCR 
evolves, continued research will be essential in 
refining treatment protocols and enhancing patient 
care. The findings not only contribute valuable 
insights to the management of chronic CSCR but 
also emphasize the need for ongoing research to 

address the gaps in the literature and improve 
treatment strategies. 
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INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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DISCUSSION
Central serous retinopathy (CSCR) is a common 
retinal condition characterized by serous 
detachment of the neurosensory retina 29. CSCR is 
caused by a combination of choroidal vascular 
dysfunction and retinal pigment epithelial 
impairment 30. An increase in choroidal permeability 
and hydrostatic pressure leads to leakage of fluid 
leakage, while retinal pigment epithelium (RPE) fails 
to pump out the accumulated fluid, resulting in 
serous retinal detachment 31. The CSCR is a 
multifactorial disease, elevated levels of 
corticosteroids whether endogenous (stress) or 
exogenous (medication) play a key role by 
increasing choroidal permeability and inhibiting RPE 
function. Systemic factors like hypertension, H. pylori, 
sleep disturbance and genetic predisposition, 
smoking, and alcohol may contribute to disease 
susceptibility 32.   Sub-threshold laser therapy, a 
non-damaging photo thermal approach, has 
emerged as a promising intervention to stimulate 
retinal pigment epithelium healing without causing 
visible retinal damage33. Spironolactone, a 
mineralocorticoid receptor antagonist, has shown 
potential in the treatment of CSCR due to its effect 
on choroidal permeability and fluid regulation. By 
blocking the mineralocorticoid receptors 
Spironolactone reduces the choroidal congestion, 
decreases fluid leakage, and improves RPE function. 
These both provide safer and more targeted 
treatment options for CSCR34.   Patients with CSCR 
often experience varying degrees of visual 
disturbance and metamorphopsia 35. Although the 

condition is typically self-limiting with a favorable 
visual prognosis, a significant number of cases 
exhibit recurrent episodes, while others develop 
persistent subretinal fluid despite the treatment 36. 
Over time these recurrences and fluid persistence 
can lead to irreversible visual loss or long-term visual 
impairment37.  Chronic CSCR may result in retinal 
pigment epithelium atrophy, causing progressive 
central vision deterioration 38. Persistent sub-retinal 
fluid leads to photoreceptor damage, increasing 
the risk of permanent vision deficits 39. In some cases, 
choroidal neovascularization and sub-retinal fibrosis 
may develop contributing to reduced visual acuity. 
Therefore, conducting a long-term follow-up is 
crucial to understand the underlying factors 40. This 
meta-analysis aimed to compare the efficacy of 
sub-threshold laser therapy and oral spironolactone 
in the treatment of CSCR> 3 months based on the 
assessment of BCVA, SRF, and CMT. Our 
meta-analysis is the 1st of its kind to comprehensively 
evaluate these treatment modalities in CSCR, 
highlighting the unique contribution of our work to 
the existing literature. A rigorous search yields 194 
records, ultimately leading to the inclusion of 8 
studies and involving 371 eyes, which provide a 
robust basis for analysis. The analysis revealed that 
neither treatment demonstrated a statistically 
significant effect on BCVA at the three-month 
follow-up. Specifically, comparative studies of 
sub-threshold versus spironolactone resulted in a 
standard mean difference of 0.21, indicating no 
meaningful difference between the 2 modalities. 
Interestingly, sub-threshold laser therapy alone did 

show a statistically significant benefit, but high 
heterogeneity (I2= 96%) limits the interpretability of 
these results. The predominance of male 
participants (77.24%) and the consistent average 
age of 46.96 years across the studies suggest that 
this treatment may primarily target a specific 
demographic, which should be considered when 
generalizing findings. In terms of SRF reduction, the 
results indicated a significant advantage for 
spironolactone over sub-threshold laser treatment 
(MD -27.93), with an impressive p-value of< 0.0001 
and high heterogeneity (I2= 96%). Notably, the 
subgroup analyses highlighted that spironolactone 
consistency outperformed sub-threshold laser in SRF 
reduction at the 6th-month mark, further 
emphasizing the potential of spironolactone as a 
preferred treatment strategy for this condition. CMT 
assessment at the 3rd and 6th months received no 
statistical differences between treatments, 
indicating that while sub-retinal fluid may be 
reduced more effectively with spironolactone, it 
does not necessarily correlate with changes in 
macular thickness. This dissociation between SRF 
and CMT responses suggests that different 
mechanisms may underpin the therapeutic effects 
of these treatments and indicate that further need 
to investigate the biological processes.  The finding 
suggests that while both modalities are effective in 
managing the CSCR, they may serve different 
therapeutic purposes. The significant reduction in 
SRF was associated with spironolactone suggesting 
its utility in managing fluid accumulation, which is 
often a primary concern in CSCR treatment.

While this meta-analysis provides valuable insight, it 
is not without limitations. The small number of studies 
and high heterogeneity observed in several 
outcomes necessitate caution in interpreting these 
results. Future research should aim to conduct 
larger, multicenter controlled trials that address 
these limitations, with a focus on long-term 
outcomes, quality of assessments, and potential side 
effects associated with each treatment. 
Additionally, exploring the underlying mechanism of 
action for both treatment modalities could enhance 
our understanding of their respective role in 
managing CSCR.

CONCLUSION
In conclusion, while both sub-threshold laser therapy 
and spironolactone play vital role in the 
management of CSCR. This meta-analysis 
advocates for the prioritization of spironolactone 
based on its superior performance in reducing the 
CSCR. As our understanding of chronic CSCR 
evolves, continued research will be essential in 
refining treatment protocols and enhancing patient 
care. The findings not only contribute valuable 
insights to the management of chronic CSCR but 
also emphasize the need for ongoing research to 

address the gaps in the literature and improve 
treatment strategies. 
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INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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DISCUSSION
Central serous retinopathy (CSCR) is a common 
retinal condition characterized by serous 
detachment of the neurosensory retina 29. CSCR is 
caused by a combination of choroidal vascular 
dysfunction and retinal pigment epithelial 
impairment 30. An increase in choroidal permeability 
and hydrostatic pressure leads to leakage of fluid 
leakage, while retinal pigment epithelium (RPE) fails 
to pump out the accumulated fluid, resulting in 
serous retinal detachment 31. The CSCR is a 
multifactorial disease, elevated levels of 
corticosteroids whether endogenous (stress) or 
exogenous (medication) play a key role by 
increasing choroidal permeability and inhibiting RPE 
function. Systemic factors like hypertension, H. pylori, 
sleep disturbance and genetic predisposition, 
smoking, and alcohol may contribute to disease 
susceptibility 32.   Sub-threshold laser therapy, a 
non-damaging photo thermal approach, has 
emerged as a promising intervention to stimulate 
retinal pigment epithelium healing without causing 
visible retinal damage33. Spironolactone, a 
mineralocorticoid receptor antagonist, has shown 
potential in the treatment of CSCR due to its effect 
on choroidal permeability and fluid regulation. By 
blocking the mineralocorticoid receptors 
Spironolactone reduces the choroidal congestion, 
decreases fluid leakage, and improves RPE function. 
These both provide safer and more targeted 
treatment options for CSCR34.   Patients with CSCR 
often experience varying degrees of visual 
disturbance and metamorphopsia 35. Although the 

condition is typically self-limiting with a favorable 
visual prognosis, a significant number of cases 
exhibit recurrent episodes, while others develop 
persistent subretinal fluid despite the treatment 36. 
Over time these recurrences and fluid persistence 
can lead to irreversible visual loss or long-term visual 
impairment37.  Chronic CSCR may result in retinal 
pigment epithelium atrophy, causing progressive 
central vision deterioration 38. Persistent sub-retinal 
fluid leads to photoreceptor damage, increasing 
the risk of permanent vision deficits 39. In some cases, 
choroidal neovascularization and sub-retinal fibrosis 
may develop contributing to reduced visual acuity.  
Therefore, conducting a long-term follow-up is 
crucial to understand the underlying factors 40. This 
meta-analysis aimed to compare the efficacy of 
sub-threshold laser therapy and oral spironolactone 
in the treatment of CSCR> 3 months based on the 
assessment of BCVA, SRF, and CMT. Our 
meta-analysis is the 1st of its kind to comprehensively 
evaluate these treatment modalities in CSCR, 
highlighting the unique contribution of our work to 
the existing literature. A rigorous search yields 194 
records, ultimately leading to the inclusion of 8 
studies and involving 371 eyes, which provide a 
robust basis for analysis. The analysis revealed that 
neither treatment demonstrated a statistically 
significant effect on BCVA at the three-month 
follow-up. Specifically, comparative studies of 
sub-threshold versus spironolactone resulted in a 
standard mean difference of 0.21, indicating no 
meaningful difference between the 2 modalities. 
Interestingly, sub-threshold laser therapy alone did 

show a statistically significant benefit, but high 
heterogeneity (I2= 96%) limits the interpretability of 
these results. The predominance of male 
participants (77.24%) and the consistent average 
age of 46.96 years across the studies suggest that 
this treatment may primarily target a specific 
demographic, which should be considered when 
generalizing findings. In terms of SRF reduction, the 
results indicated a significant advantage for 
spironolactone over sub-threshold laser treatment 
(MD -27.93), with an impressive p-value of< 0.0001 
and high heterogeneity (I2= 96%). Notably, the 
subgroup analyses highlighted that spironolactone 
consistency outperformed sub-threshold laser in SRF 
reduction at the 6th-month mark, further 
emphasizing the potential of spironolactone as a 
preferred treatment strategy for this condition. CMT 
assessment at the 3rd and 6th months received no 
statistical differences between treatments, 
indicating that while sub-retinal fluid may be 
reduced more effectively with spironolactone, it 
does not necessarily correlate with changes in 
macular thickness. This dissociation between SRF 
and CMT responses suggests that different 
mechanisms may underpin the therapeutic effects 
of these treatments and indicate that further need 
to investigate the biological processes.  The finding 
suggests that while both modalities are effective in 
managing the CSCR, they may serve different 
therapeutic purposes. The significant reduction in 
SRF was associated with spironolactone suggesting 
its utility in managing fluid accumulation, which is 
often a primary concern in CSCR treatment.
 
While this meta-analysis provides valuable insight, it 
is not without limitations. The small number of studies 
and high heterogeneity observed in several 
outcomes necessitate caution in interpreting these 
results. Future research should aim to conduct 
larger, multicenter controlled trials that address 
these limitations, with a focus on long-term 
outcomes, quality of assessments, and potential side 
effects associated with each treatment. 
Additionally, exploring the underlying mechanism of 
action for both treatment modalities could enhance 
our understanding of their respective role in 
managing CSCR.

CONCLUSION
In conclusion, while both sub-threshold laser therapy 
and spironolactone play vital role in the 
management of CSCR. This meta-analysis 
advocates for the prioritization of spironolactone 
based on its superior performance in reducing the 
CSCR. As our understanding of chronic CSCR 
evolves, continued research will be essential in 
refining treatment protocols and enhancing patient 
care. The findings not only contribute valuable 
insights to the management of chronic CSCR but 
also emphasize the need for ongoing research to 

address the gaps in the literature and improve 
treatment strategies. 
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SRF: Sub-retinal fluid
MD: Mean difference 
RR: Risk ratio
COeff: Co-efficient 
I2: Heterogeneity 

CONFLICT OF INTEREST
None  

AUTHORS’ CONTRIBUTIONS
AK was responsible for conceptualization, 
methodology, data collection, writing the original 
draft, and supervision. AF contributed to writing the 
literature search, data extraction, and analysis. QS 
assisted in writing the literature search, data 
extraction, and proofreading.

REFERENCES
1. Mukherji S, Soumen Karmakar, Dasgupta S. 
Association of Central serous chorioretinopathy with 
type of personality, anxiety and depression. Indian 
Journal of Ophthalmology. 2023 Dec 22; 72(Suppl 
1):S60–5. DOI: 10.4103/IJO.IJO_1180_23
2. Kanda P, Gupta A, Gottlieb C, Karanjia R, 
Coupland SG, Bal MS. Pathophysiology of central 
serous chorioretinopathy: a literature review with 
quality assessment. Eye. 2021 Oct 15; 36(5):941–62.  
DOI: 10.1038/s41433-021-01808-3.
3. Massimiliano Borselli, Rossi C, Chisari D, Scalzo GC, 
Lucisano A, Randazzo G, et al. Current and 
emerging treatment options for central serous 
chorioretinopathy. Expert Review of 
Ophthalmology. 2024 Apr 10; 19(4):247–60. 
https://doi.org/10.1080/17469899.2024.2336241.
4. Yahalomi T, Pikkel YS, Arnon R, Kinori M, Wood K, 
Pikkel J. Acute Central Serous Chorioretinopathy 
Outbreak during the COVID-19 Pandemic: A Pilot 
Study. Medicina. 2024 Jan 1; 60(1):122. 
https://www.mdpi.com/1648-9144/60/1/122
5. Yu SY, Park J, Kim K, Kang M, Kim E. Central serous 
chorioretinopathy: Treatment. Taiwan Journal of 
Ophthalmology. 2022; 12(4):394. 
DOI:10.4103/2211-5056.362040
6. Nicolò M, Ferro Desideri L, Vagge A, Traverso CE. 
Current Pharmacological Treatment Options for 
Central Serous Chorioretinopathy: A Review. 
Pharmaceuticals. 2020 Sep 23; 13(10):264. 
doi:10.3390/ph13100264.
7. Sachdev A. Improvement in Central Serous 

Chorioretinopathy Following Multiwavelength 
Photobiomodulation Treatment – Case Report. 
Ophthalmology and Therapy. 2024 May 
17;13(7):2055–60.doi:10.1007/s40123-024-00963-6.
8. Khandhadia S, Thulasidharan S, Hoang NTV, 
Ibrahim SA, Ouyang Y, Lotery A. Real world 
outcomes of photodynamic therapy for chronic 
central serous chorioretinopathy. Eye. 2022 Dec 
26;37:2548–53.doi:10.1038/s41433-022-02370-2.
9. Kumawat D, Ravi AK, Sahay P, Alam T, Desai A, 
Kumar A. Systemic evaluation of patients with 
central serous chorioretinopathy: A case-control 
study. European Journal of Ophthalmology. 2020 
Nov 25;31(6):3223–30. doi: 
10.1177/1120672120975698
10. Venkatesh R, Prabhu V, Joshi A, Mangla R, Singh 
R, Wu L, et al. Real-world practice patterns of 
eplerenone use for central serous chorioretinopathy. 
International Journal of Retina and Vitreous 
[Internet]. 2023 Oct 2 [cited 2024 Apr 13];9(1). 
Available from: 
https://escholarship.org/uc/item/2546j3dk
11. K Sandeep, Venugopal KC, Javagal AP, 
Acharya P, Sreelekshmi SR, N Narendra, et al. 
Comparison of oral propranolol, oral rifampicin, and 
intravitreal anti-VEGF in central serous 
chorioretinopathy. Indian Journal of 
Ophthalmology. 2023 Sep 21;71(10):3381–5.
12. Zhao YY, Wang H, Chen W, Wang Q, Liu Y. 
Comparative evaluation of central serous 
retinopathy in pilots and non-pilot patients. 
Photodiagnosis and Photodynamic Therapy. 2024 
Dec; 50: 104376. 
https://doi.org/10.1016/j.pdpdt.2024.104376
13. Chhablani J, Chhablani J, Ong J, Rajendran A, 
Zhang X, Parolini B, et al. Subthreshold laser therapy 
guidelines for retinal diseases. Eye. 2022 Jun 
2 3 ; 3 6 ( 1 2 ) : 2 2 3 4 – 5 . 
https://doi.org/10.1038/s41433-022-02136-w
14. Cozzupoli GM, Sacconi R, Tombolini B, Fantaguzzi 
F, Servillo A, Menean M, et al. Long-term predictors 
of anti-VEGF treatment response in patients with 
neovascularization secondary to CSCR: a 
longitudinal study. Graefe’s Archive for Clinical and 
Experimental Ophthalmology. 2023 Sep 
2 9 ; 2 6 2 ( 1 ) : 7 3 – 8 0 . 
https://doi.org/10.1007/s00417-023-06255-2
15. Maciej Gawęcki, Grzybowski A, Święch A. 
Biometric Risk Factors for Central Serous 
Chorioretinopathy. Ophthalmology and therapy. 
2023 Feb 25;12(2):1327–38. 
doi:10.1007/s40123-023-00687-z.
16. PRISMA  [Internet].  Prisma-statement.org. 2022 
[cited August 31, 2022].  Available at: 
https://prisma-statement.org/
17. PROSPERO: International prospective register of 
systematic reviews. Available at: 
https://www.crd.york.ac.uk/prospero/
18. Ouzzani M, Hammady H, Fedorowicz Z, 
Elmagarmid A. Rayyan—a Web and Mobile App for 

Systematic Reviews. Systematic Reviews [Internet]. 
2016 Dec; 5(1). Available from: 
https://systematicreviewsjournal.biomedcentral.co
m/articles/10.1186/s13643-016-0384-4
19. Cochrane. Cochrane Database of Systematic 
Reviews [Internet]. 2023 [cited 2024 oct 5]. Available 
from: https://www.cochranelibrary.com/
20. Ravman [Internet]. Version 5.4.1. ABC Software 
Inc.; 2024. Available from: https://www.ravman.com
21. Gao S, Ge G, Zhang Y, Zhang M. Subthreshold 
Micropulse Laser Versus Oral Spironolactone in 
Chronic Central Serous Chorioretinopathy: A 
Quasi-Randomized Controlled Trial. Translational 
Vision Science & Technology. 2024 Aug 12; 13(8):19 . 
https://doi.org/10.1167/tvst.13.8.19
22. Mercuri S, D’Alterio FM, Gallo B, Walid Raslan, 
Gupta A, Khairat N, et al. Subthreshold laser 
compared to oral spironolactone for the treatment 
of chronic central serous chorioretinopathy: a 
retrospective study. International Ophthalmology. 
2024 Mar 13; 
44(1).https://doi.org/10.1007/s10792-024-03063-3
23. Altınel MG, Acikalin B, Gunes H, Demir G. Optical 
coherence tomography parameters as predictors 
of treatment response to a 577-nm subthreshold 
micropulse laser in chronic central serous 
chorioretinopathy. Lasers in Medical Science. 2021 
Jan 7;36(7):1505–14. 
https://doi.org/10.1007/s10103-020-03225-6
24. Işık MU. Efficacy of the subthreshold micropulse 
yellow wavelength laser photostimulation in the 
treatment of chronic central serous 
chorioretinopathy. International Journal of 
Ophthalmology. 2020 Sep 18;13(9):1404–10. 
doi:10.18240/ijo.2020.09.11
25.  Uzlu D, Erdöl H, Kola M, Özbay AD. The efficacy 
of subthreshold micropulse yellow laser (577 nm) in 
chronic central serous chorioretinopathy. Lasers in 
Medical Science. 2020 Aug 
19;36(5):981–8.https://doi.org/10.1007/s10103-020-03
129-5
26. Herold TR, Rist K, Siegfried Georg Priglinger, Ulbig 
MW, Wolf A. Long-term results and recurrence rates 
after spironolactone treatment in non-resolving 
central serous chorio-retinopathy (CSCR). Graefe s 
Archive for Clinical and Experimental 
Ophthalmology. 2016 Jul 30;255(2):221–9. DOI: 
10.1007/s00417-016-3436-5
27. Zhang B, He Z, Zhao H, Gao H, Zhang Z, Gao Z, et 
al. Evaluating the efficacy of recombinant human 
growth factors in scar remodelling for patients with 
facial soft tissue injuries. International Wound 
Journal. 2024 Jan; 21(1) 
.https://doi.org/10.1155/2024/7197249
28. Sinawat S, Thongmee W, Sanguansak T, 
Laovirojjanakul W, Sinawat S, Yospaiboon Y. Oral 
Spironolactone versus Conservative Treatment for 
Non-Resolving Central Serous Chorioretinopathy in 
Real-Life Practice. Clinical Ophthalmology. 2020 
Jun;14: 1725–34. 

https://doi.org/10.2147/OPTH.S260998
29. Oribio-Quinto C, Antonio Domingo 
Alarcón-Garcia, Jacobo Enriquez-Fuentes, Bárbara 
Burgos-Blasco, Jose Ignacio Fernandez-Vigo. 
Functional and anatomical results of subthreshold 
micropulse laser as rescue treatment for central 
serous chorioretinopathy after verteporfin shortage. 
Photodiagnosis and Photodynamic Therapy. 2024 
Jul 1;49: 104295–5.  
https://doi.org/10.1016/j.pdpdt.2024.104295
30. Zhang X, Lim C, Chhablani J, Yew Meng Wong. 
Central serous chorioretinopathy: updates in the 
pathogenesis, diagnosis and therapeutic strategies. 
Eye and vision [Internet]. 2023 Jul 11;10(1). Available 
f r o m : 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10
334588/
31. Zarnegar A, Ong J, Matsyaraja T, Arora S, 
Chhablani J. Pathomechanisms in central serous 
chorioretinopathy: A recent update. International 
Journal of Retina and Vitreous. 2023 Jan 20;9(1). doi: 
10.1186/s40942-023-00443-2.
32. Karimi S, Nastaran Payandeh, Sahar, Nouri H, 
Abtahi SH. Central Serous Chorioretinopathy Risk 
Factors in An Iranian Cohort: A Case-control Study. 
Journal of Ophthalmic and Vision Research. 2023 
Nov 30;18(4):410-416. doi: 10.18502/jovr.v18i4.14553.
33. Schworm B, Siedlecki J, Keidel LF, Herold TR, Luft 
N, Priglinger SG. Subthreshold laser therapy with a 
standardized macular treatment pattern in chronic 
central serous chorioretinopathy. Graefe’s archive 
for clinical and experimental ophthalmology. 2021 
Jun 10; 259(11):3271–81. doi: 
10.1007/s00417-021-05256-3.
34. Jae Yong Han, Yong Joon Kim, Eun Young Choi, 
Lee J, Ji Hwan Lee, Kim M, et al. Therapeutic Efficacy 
of Spironolactone for Central Serous 
Chorioretinopathy. Yonsei Medical Journal 
[Internet]. 2022 Jan 1 [cited 2024 Aug 

2 8 ] ; 6 3 ( 4 ) : 3 6 5 – 5 . 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC89
65434/
35. Sahoo NK, Ong J, Selvam A, Maltsev D, Sacconi 
R, Venkatesh R, et al. Longitudinal follow-up and 
outcome analysis in central serous 
chorioretinopathy. Eye [Internet]. 2023 Mar 1 [cited 
2024 Jun 1];37(4):732–8. Available from: 
https://www.nature.com/articles/s41433-022-02044-
z
36. Reddy K, Sumit Randhir Singh, Niroj Kumar Sahoo, 
Sai Bhakti Mishra, Riccardo Sacconi, Iovino C, et al. 
Optical coherence tomography angiography 
findings in fellow eyes of choroidal 
neovascularisation associated with central serous 
chorioretinopathy. british journal of ophthalmology. 
2019 Feb 23;105(9):1280–5.
37. Docherty G, Sidiqi A, Martens R, Akil H, Navajas 
EV. Conversion of focal choroidal excavation with 
the onset of central serous chorioretinopathy: report 
of 2 cases and review of the literature. Retinal Cases 
& Brief Reports. 2021 Jul;15(4):376–85.
38. Aktan G, Mandelkorn RM. Irreversible visual loss 
after an attack of central serous retinopathy. Annals 
of Ophthalmology. 2001 Dec;33(4):323–5.
39. Kaye R, Chandra S, Sheth J, Boon CJF, 
Sivaprasad S, Lotery A. Central serous 
chorioretinopathy: An update on risk factors, 
pathophysiology and imaging modalities. Progress 
in Retinal and Eye Research [Internet]. 2020 Nov 1 
[cited 2021 Jan 10]; 79:100865. Available 
from:https://www.sciencedirect.com/science/articl
e/abs/pii/S1350946220300379
40. Helena M.A. Feenstra, Dijk van, Gemmy M, 
Ohno-Matsui K, Timothy Y.Y. Lai, Koizumi H, et al. 
Central serous chorioretinopathy: An 
evidence-based treatment guideline. Progress in 
Retinal and Eye Research. 2024 Feb 1;101236–6.

DOI: https://doi.org/10.36283/ziun-pjmd 14-2/058 400

INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.
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DISCUSSION
Central serous retinopathy (CSCR) is a common 
retinal condition characterized by serous 
detachment of the neurosensory retina 29. CSCR is 
caused by a combination of choroidal vascular 
dysfunction and retinal pigment epithelial 
impairment 30. An increase in choroidal permeability 
and hydrostatic pressure leads to leakage of fluid 
leakage, while retinal pigment epithelium (RPE) fails 
to pump out the accumulated fluid, resulting in 
serous retinal detachment 31. The CSCR is a 
multifactorial disease, elevated levels of 
corticosteroids whether endogenous (stress) or 
exogenous (medication) play a key role by 
increasing choroidal permeability and inhibiting RPE 
function. Systemic factors like hypertension, H. pylori, 
sleep disturbance and genetic predisposition, 
smoking, and alcohol may contribute to disease 
susceptibility 32.   Sub-threshold laser therapy, a 
non-damaging photo thermal approach, has 
emerged as a promising intervention to stimulate 
retinal pigment epithelium healing without causing 
visible retinal damage33. Spironolactone, a 
mineralocorticoid receptor antagonist, has shown 
potential in the treatment of CSCR due to its effect 
on choroidal permeability and fluid regulation. By 
blocking the mineralocorticoid receptors 
Spironolactone reduces the choroidal congestion, 
decreases fluid leakage, and improves RPE function. 
These both provide safer and more targeted 
treatment options for CSCR34.   Patients with CSCR 
often experience varying degrees of visual 
disturbance and metamorphopsia 35. Although the 

condition is typically self-limiting with a favorable 
visual prognosis, a significant number of cases 
exhibit recurrent episodes, while others develop 
persistent subretinal fluid despite the treatment 36. 
Over time these recurrences and fluid persistence 
can lead to irreversible visual loss or long-term visual 
impairment37.  Chronic CSCR may result in retinal 
pigment epithelium atrophy, causing progressive 
central vision deterioration 38. Persistent sub-retinal 
fluid leads to photoreceptor damage, increasing 
the risk of permanent vision deficits 39. In some cases, 
choroidal neovascularization and sub-retinal fibrosis 
may develop contributing to reduced visual acuity.  
Therefore, conducting a long-term follow-up is 
crucial to understand the underlying factors 40. This 
meta-analysis aimed to compare the efficacy of 
sub-threshold laser therapy and oral spironolactone 
in the treatment of CSCR> 3 months based on the 
assessment of BCVA, SRF, and CMT. Our 
meta-analysis is the 1st of its kind to comprehensively 
evaluate these treatment modalities in CSCR, 
highlighting the unique contribution of our work to 
the existing literature. A rigorous search yields 194 
records, ultimately leading to the inclusion of 8 
studies and involving 371 eyes, which provide a 
robust basis for analysis. The analysis revealed that 
neither treatment demonstrated a statistically 
significant effect on BCVA at the three-month 
follow-up. Specifically, comparative studies of 
sub-threshold versus spironolactone resulted in a 
standard mean difference of 0.21, indicating no 
meaningful difference between the 2 modalities. 
Interestingly, sub-threshold laser therapy alone did 

show a statistically significant benefit, but high 
heterogeneity (I2= 96%) limits the interpretability of 
these results. The predominance of male 
participants (77.24%) and the consistent average 
age of 46.96 years across the studies suggest that 
this treatment may primarily target a specific 
demographic, which should be considered when 
generalizing findings. In terms of SRF reduction, the 
results indicated a significant advantage for 
spironolactone over sub-threshold laser treatment 
(MD -27.93), with an impressive p-value of< 0.0001 
and high heterogeneity (I2= 96%). Notably, the 
subgroup analyses highlighted that spironolactone 
consistency outperformed sub-threshold laser in SRF 
reduction at the 6th-month mark, further 
emphasizing the potential of spironolactone as a 
preferred treatment strategy for this condition. CMT 
assessment at the 3rd and 6th months received no 
statistical differences between treatments, 
indicating that while sub-retinal fluid may be 
reduced more effectively with spironolactone, it 
does not necessarily correlate with changes in 
macular thickness. This dissociation between SRF 
and CMT responses suggests that different 
mechanisms may underpin the therapeutic effects 
of these treatments and indicate that further need 
to investigate the biological processes.  The finding 
suggests that while both modalities are effective in 
managing the CSCR, they may serve different 
therapeutic purposes. The significant reduction in 
SRF was associated with spironolactone suggesting 
its utility in managing fluid accumulation, which is 
often a primary concern in CSCR treatment.
 
While this meta-analysis provides valuable insight, it 
is not without limitations. The small number of studies 
and high heterogeneity observed in several 
outcomes necessitate caution in interpreting these 
results. Future research should aim to conduct 
larger, multicenter controlled trials that address 
these limitations, with a focus on long-term 
outcomes, quality of assessments, and potential side 
effects associated with each treatment. 
Additionally, exploring the underlying mechanism of 
action for both treatment modalities could enhance 
our understanding of their respective role in 
managing CSCR.

CONCLUSION
In conclusion, while both sub-threshold laser therapy 
and spironolactone play vital role in the 
management of CSCR. This meta-analysis 
advocates for the prioritization of spironolactone 
based on its superior performance in reducing the 
CSCR. As our understanding of chronic CSCR 
evolves, continued research will be essential in 
refining treatment protocols and enhancing patient 
care. The findings not only contribute valuable 
insights to the management of chronic CSCR but 
also emphasize the need for ongoing research to 

address the gaps in the literature and improve 
treatment strategies. 
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INTRODUCTION
In respiratory medicine, fibrotic lung diseases, 
especially idiopathic pulmonary fibrosis (IPF), were 
seen to be major problems because of relentless 
progression, lack of effective treatment, and high 
mortality1. The most common form of idiopathic 
interstitial pneumonia known till today is IPF, in which 
excessive deposition of extracellular matrix (ECM) 
proteins leads to irreversible lung scarring and then 
impaired function2. With a median survival of three 
to five years after diagnosis, there was an 
immediate need for reliable biomarkers that could 
aid in early diagnosis, monitoring disease severity, 
predicting disease progression, and assessing 
therapeutic efficacy3.

IPF till recently was diagnosed and monitored by 
clinical evaluation, pulmonary function tests (PFTs), 
imaging, and occasionally with invasive procedures 
like surgical lung biopsy. These tools were quite 
helpful, but did not predict disease trajectory well or 
in other words are unable to separate IPF from other 
interstitial lung diseases (ILDs)4. Despite the 
advancements in antifibrotic therapies including 
pirfenidone and nintedanib, which had made 
disease management better by slowing progression, 
the ability to accurately identify patients who were 
at high risk of rapid decline remained limited. The 
biomarkers which were capable of reflecting 
disease activity and prognosis in real time, were thus 
critically needed to augment clinical 
decision-making and enhance patient outcomes5.

Matrix metalloproteinases (MMPs) have been 
examined as potential approaches to this need. 
ECM degradation and remodeling processes which 
were considered crucial to the pathogenesis of 
fibrotic lung diseases were mediated by a family of 
zinc-dependent proteases called MMPs. Of these, 
MMP-7, MMP-9, and MMP-1 had shown the greatest 
promise6. Elevated levels of MMP-7 had been 
reported consistently in IPF and were associated 
with disease progression; both MMP-7 including its 

specific polymorphisms, along with MMP-12, 
contributed to epithelial injury and fibroblast 
activation7. MMP-9 had been linked with worse lung 
function and severe imaging patterns as it found its 
role in ECM degradation and modulation of fibrotic 
pathways. Although less extensively studied, MMP-1 
has shown potential as a marker of ECM remodeling 
and early fibrotic changes. Taken together, these 
MMPs provided a mechanistic connection to the 
pathological processes that caused IPF. This makes 
them an attractive target for the development of 
biomarkers8.

The roles of MMPs which were studied against 
fibrotic lung diseases were of diagnostic and 
prognostic biomarkers. Although serum assays and 
other minimally invasive techniques that measure 
MMP levels had given clues to disease severity, 
progression, and response to therapy, they were not 
yet broadly integrated into clinical practice9. 
Moreover, variability in study design, population 
characteristics, and measurement techniques 
hindered the establishment of the clinical utility of 
these biomarkers10. Therefore, a comprehensive 
review was required for a clear understanding of the 
potential role of these biomarkers and the limitations 
of current studies. So that they could be addressed 
properly.

This study aimed to systematically review the 
evidence present for MMP-7, MMP-9, and MMP-1 as 
prognostic biomarkers in IPF and other advanced 
fibrotic lung diseases. The aim was to assess the 
consistency, reliability, and clinical relevance of 
these MMPs across studies in different settings, to 
identify gaps in the literature, and to propose future 
research directions. All of this was underlined by the 
overarching aim of advancing our understanding 
and management of these chaotic conditions, 
thereby improving patient care and outcomes. The 
objective of this study was to identify the diagnostic 
and prognostic role of MMP-7, MMP-9, and MMP-1 
against fibrotic lung diseases to improve treatment 

outcomes in patients.

METHODS
This systematic review followed the guidelines of 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for transparency and 
rigour. Studies conducted between January 2014 
and December 2024 were reviewed that 
corresponded to the advancements in biomarker 
research in fibrotic lung diseases. PubMed, Google 
Scholar, and Web of Science Databases were 
searched comprehensively. Search terms and 
Medical Subject Headings (MeSH) terms included 
"MMP-7," MMP-9," MMP-1," "matrix 
metalloproteinases," "idiopathic pulmonary fibrosis," 
"fibrotic lung disease," "prognostic biomarkers," and 
"pulmonary fibrosis." The references from the studies 
identified were also screened which included 
additional relevant studies.

This study focussed on idiopathic pulmonary fibrosis 
(IPF) and other fibrotic lung diseases by investigating 
MMP-7, MMP-9, or MMP-1 as prognostic biomarkers. 
Original research articles with full text available in 
English were included if they reported associations 
with disease severity, progression, or treatment 
responses and were eligible studies. Studies not 
relating to fibrotic lung diseases, not dealing with the 
selected MMPs, reviews, editorials, or commentaries, 
and those with insufficient methodological details or 
lack of original data were excluded.

Initially, 112 studies were identified. The remaining 
were 96 unique studies after the removal of 
duplicates. Articles from the list were screened for 
relevance, reducing the pool to 55. This was further 
reduced to 40 full-text articles that met the eligibility 
criteria, of which only 15 were included in the 
systematic review. The 15 studies that were 
included, showed diversity in methodology, sample 
size, and geographical context and offered 
valuable information about the prognostic capacity 
of the selected MMPs.

Two reviewers independently conducted data 
extraction to collect the study design, sample size, 
MMP measurement methods, key findings, and 
limitations. Discrepancies were resolved with the 
help of consensus. Study selection, removal of 
duplicates, and data tabulation were done through 
Covidence software, and Microsoft Excel was used 

to organize and analyse the data that were 
extracted. Due to the review objective and inclusion 
criteria, studies were systematically screened and 
refined, with eligibility being determined by 
relevance to the review's objective. ROBINS-I (Risk of 
Bias in Non-Randomized Studies of Interventions) 
tool was used to assess the risk of biasness for each 
study.

Data was sought based on participant 
characteristics (age, gender, disease stage, etc), 
intervention details, and funding sources. 
Assumptions were made for all missing data 
variables. Biomarker’s measurement methods were 
inferred concerning context if unspecified. Primary 
outcomes included progression of disease, 
mortality, and acute exacerbations whereas 
secondary outcomes included MMP changes linked 
with treatment and quality of life. All results that 
aligned with outcome domains were included but 
preference was given to clinically relevant metrics. 
Where possible, missing data were addressed by 
contacting study authors. Where data could not be 
retrieved, missing values were either excluded from 
the synthesis or estimated according to reported 
medians and interquartile ranges (IQRs) when 
applicable. This strategy helped to keep the review 
transparent and minimized the effect of imperfect 
information on the review’s conclusions. A 
qualitative synthesis was performed due to the 
heterogeneity of the study designs, populations, 
and methodologies. The work focused on 
delineating the consistent trends in MMP levels, 
associations with disease severity and progression, 
as well as the areas where current knowledge gaps 
existed. GRADE assessment was used for certainty of 
evidence.

Using this systematic and refined approach, the 
work made an exhaustive evaluation of the role of 
MMP-7, MMP-9, and MMP-1 as prognostic 
biomarkers in fibrotic lung diseases.

RESULTS
This systematic review selected 15 studies out of an 
initial pool of 112 articles identified through searches 
in PubMed, Google Scholar, and Web of Science. 
PubMed accounted for 41.1% (n=6), Google Scholar 
33.9% (n=5), and Web of Science 25% (n=4) of 
studies, the flowchart of selection of studies is shown 
in Figure 1.


