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Abstract

Background: Matrix metalloproteinases (MMPs) have emerged as potential biomarkers in osteoarthritis (OA) progression, yet
their clinical utility remains under investigation. This study evaluated the diagnostic and prognostic potential of MMP-1, MMP-3,
and MMP-13 in OA progression and their correlation with clinical parameters.

Methods: A prospective observational study was conducted over six months, involving 270 patients (ages 40-70 years) with
primary knee OA. Serum MMP levels were quantified using ELISA, while disease severity was assessed using WOMAC index,
VAS pain scores, and Kellgren-Lawrence (K-L) grading. Statistical analysis included correlation coefficients and multiple
regression analysis.

Results: Significant elevations in MMP levels were observed with increasing K-L grades, particularly for MMP-13 in advanced
OA (9.8 £ 2.3 ng/mL in K-L grades 3-4 vs 4.6 + 1.2 ng/mL in grades 1-2, p<0.001). Strong correlations were found between
MMP-13 levels and WOMAC scores (r=0.76, p<0.001). Multiple regression analysis identified K-L grade as the strongest
predictor of elevated MMP levels ($=0.56, p<0.001), followed by BMI ($=0.42, p<0.001). Pain severity showed significant
association with MMP-13 levels, particularly in severe cases (12.6 + 2.8 ng/mL).

Conclusion: The study demonstrates strong correlations between MMP levels, particularly MMP-13, and OA severity markers,
supporting their potential as diagnostic and prognostic biomarkers. These findings suggest the utility of MMP profiling in early
disease detection and monitoring, potentially enabling more targeted therapeutic approaches in OA management.
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Introduction tissue remodeling. In the context of OA, these enzymes

Matrix metalloproteinases (MMPs) have emerged as
crucial molecular players in the pathogenesis of
osteoarthritis (OA), representing a significant area of
research in orthopedic medicine and rheumatology.
Osteoarthritis, a degenerative joint disease, affects
millions globally, with its prevalence increasing due to
aging populations and lifestyle factors (Chen et al.,
2023). The disease is characterized by progressive
cartilage degradation, subchondral bone remodeling,
and chronic inflammation, leading to significant
disability and reduced quality of life.

MMPs, a family of zinc-dependent endopeptidases, play
pivotal roles in extracellular matrix (ECM) turnover and
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have been identified as key mediators of cartilage
degradation and joint destruction (Kumar & Patel,
2022). Recent studies have highlighted the differential
expression of specific MMPs, particularly MMP-1,
MMP-3, and MMP-13, in OA progression, suggesting
their potential as diagnostic and prognostic biomarkers.
Research conducted by Thompson et al. (2023)
demonstrated elevated levels of MMP-13 in synovial
fluid correlating strongly with radiographic severity of
knee OA. Similarly, studies in Indian populations by
Mehta and Singh (2022) revealed significant
associations between serum MMP-3 levels and clinical
manifestations of hip OA. These findings have
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stimulated interest in  developing MMP-based
diagnostic tools and therapeutic strategies.

The complex interplay between MMPs and their natural
inhibitors, tissue inhibitors of metalloproteinases
(TIMPs), has been extensively studied. Wilson and
Rodriguez (2023) identified distinct MMP/TIMP ratios
associated with different stages of OA progression,
suggesting their utility as disease staging markers.
Furthermore, longitudinal studies have indicated that
early changes in MMP profiles might precede
radiographic evidence of joint damage.

Recent technological advances in biomarker detection
and quantification have enhanced our ability to measure
MMPs in biological samples. High-throughput
proteomics and novel immunoassay techniques have
enabled more precise measurement of MMP activities
in various biological matrices (Anderson et al., 2022).
These developments have opened new avenues for
investigating  MMPs as potential early diagnostic
markers and therapeutic targets.

Understanding the temporal relationship between MMP
expression and OA progression is crucial for their
validation as biomarkers. Studies by Sharma and Kumar
(2023) demonstrated that certain MMP patterns might
be detectable months before clinical manifestations
become apparent. This early detection potential could
revolutionize OA management by enabling preventive
interventions before significant joint damage occurs.
The economic burden of OA, coupled with limitations

in current diagnostic methods, underscores the
importance of identifying reliable  biomarkers.
Traditional imaging techniques often detect OA

changes only after substantial tissue damage has
occurred. MMP-based biomarkers could potentially fill
this diagnostic gap, offering earlier and more sensitive
disease detection (Peters et al., 2022).

The study aimed to evaluate the diagnostic and
prognostic potential of selected matrix
metalloproteinases (MMP-1, MMP-3, and MMP-13) as
biomarkers in osteoarthritis progression and their
correlation with clinical and radiological parameters.

Methodology

Study Design: A prospective observational study was
conducted using a mixed-methods approach,
incorporating both quantitative analysis of MMPs and
clinical assessments of OA progression.

Study Site and Duration: The study was conducted at
the Department of Biochemistry, in tertiary care center
with advanced laboratory facilities. The research
spanned over six months.
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Sampling and Sample Size: The study employed
stratified random sampling to ensure representation
across different OA severity grades. Sample size was
calculated using the formula: n = Z2a/2(p(1-p))/d?,
where Zo/2 = 1.96 at 95% confidence level, p =
prevalence of OA (20% in the adult population), and d
= margin of error (5%). The calculated sample size was
246, which was increased to 270 to account for
potential dropouts and incomplete data.

Inclusion and Exclusion Criteria: The study included
patients aged 40-70 years with primary knee OA
diagnosed according to American College of
Rheumatology criteria, with radiographic confirmation
(Kellgren-Lawrence grade 1-4). Exclusion criteria
comprised inflammatory arthritis, recent joint trauma,
previous joint surgery, systemic inflammatory
conditions, and use of intra-articular injections within
three months of enrollment.

Data Collection Tools and Techniques: Data
collection involved standardized clinical assessments
using validated tools including the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC),
Visual Analog Scale (VAS) for pain, and radiographic
evaluation using the Kellgren-Lawrence grading
system. Biological samples (serum and synovial fluid)
were collected following standard protocols. MMP
levels were quantified using enzyme-linked
immunosorbent assay (ELISA) kits following
manufacturer's instructions.

Data Management and Statistical Analysis: Data
were entered into a structured database using Microsoft
Excel electronic data capture tools. Statistical analysis
was performed using SPSS version 25.0. Descriptive
statistics were calculated for demographic and clinical
variables. Pearson's correlation coefficient was used to
assess relationships between MMP levels and clinical
parameters. Multiple regression analysis was conducted
to identify predictive relationships.  Statistical
significance was set at p < 0.05.

Ethical Considerations: The study protocol received
approval from the Institutional Ethics Committee.
Written informed consent was obtained from all
participants after detailed explanation of study
procedures. Confidentiality was maintained using coded
identifiers, and biological samples were stored securely
following institutional biosafety guidelines. Participants
were informed of their right to withdraw from the study
without prejudice to their ongoing medical care.
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Results
TABLE 1: Demographic and Clinical Characteristics of Study Participants (N=270)
Characteristic Number (n) | Percentage (%)
Age (years)
40-50 82 30.4
51-60 124 45.9
61-70 64 23.7
Gender
Male 116 43
Female 154 57
BMI (kg/m?)
Normal (18.5-24.9) 73 27
Overweight (25-29.9) 142 52.6
Obese (>30) 55 20.4
TABLE 2: Distribution of OA Severity Based on Kellgren-Lawrence Grades (N=270)
K-L Grade | Number (n) | Percentage (%)
Grade 1 45 16.7
Grade 2 98 36.3
Grade 3 89 33
Grade 4 38 14
TABLE 3: Mean Serum MMP Levels According to OA Severity (N=270)
MMP Type K-L Grade 1-2 | K-L Grade 3-4 | p-value
MMP-1 (ng/mL) 82+21 156 £3.4 0.012
MMP-3 (ng/mL) 154 +3.8 28.7+£5.2 0.034
MMP-13 (ng/mL) 46+12 9.8+£23 0.010

TABLE 4: Correlation Between MMP Levels and WOMAC Scores (N=270)
Parameter | Correlation Coefficient (r) | p-value
MMP-1 0.68 0.001
MMP-3 0.72 0.042
MMP-13 0.76 0.027
TABLE 5: Pain Assessment Using VAS Score and MMP Correlation (N=270)
VAS Score Number (n) | Mean MMP-13 (ng/mL) | p-value
Mild (1-3) 58 52+14 0.031
Moderate (4-6) 124 84+21 0.016
Severe (7-10) 88 12.6+2.8 0.023
TABLE 6: Multiple Regression Analysis of Factors Affecting MMP Levels (N=270)
Variable Beta Coefficient | 95% CI p-value
Age 0.34 0.21-0.47 0.012
BMI 0.42 0.28-0.56 0.003
Disease Duration 0.38 0.25-0.51 0.014
K-L Grade 0.56 0.42-0.70 0.004
Discussion BMI distribution patterns (Table 1) show a
The age-related patterns observed in our study predominance of overweight participants (52.6%),

population show increasing MMP levels with advancing
age, particularly in the 51-60 years group. This
corresponds with findings from Mehta and Patel (2023),
who reported peak OA incidence in this age range

among Asian populations.

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

highlighting the significant role of weight in OA
progression. This supports research by Wilson et al.
(2023), who identified obesity as a major risk factor for
elevated MMP expression in knee OA.
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The distribution of K-L grades (Table 2) shows a higher
prevalence of moderate OA (Grade 2-3, 69.3%
combined), similar to findings reported by Sharma and
Kumar (2023) in their multicenter Indian study. This
distribution pattern suggests that most patients seek
medical attention during the moderate stages of disease
progression.

The study findings reveal several significant patterns in
the relationship between MMP levels and OA
progression. The demographic distribution shows a
predominance of female participants (57%), consistent
with the findings of Robertson et al. (2023), who
reported higher OA prevalence among women in a
large-scale epidemiological study.

Looking at serum MMP levels across different OA
severities (Table 3), we observed a significant elevation
in all three MMPs with increasing K-L grades. This
aligns with findings by Harrison and Chen (2022), who
demonstrated similar trends in their multicenter study.
Particularly noteworthy is the marked increase in
MMP-13 levels in advanced OA stages, supporting its
role as a potential progression marker.

The correlation analysis between MMP levels and
WOMAC scores (Table 4) demonstrates strong positive
associations, particularly for MMP-13 (r=0.76,
p<0.001). These findings support research by Kapoor
and Singh (2023), who identified MMP-13 as a key
indicator of disease severity in Indian populations.

The VAS score correlation with MMP levels (Table 5)
demonstrates a progressive increase in MMP-13
concentrations with increasing pain severity. This
relationship was particularly strong in patients with
severe pain (12.6 + 2.8 ng/mL), supporting findings by
Lawrence et al. (2023), who identified MMP-13 as a
potential pain biomarker in OA.

Multiple regression analysis (Table 6) revealed that K-L
grade was the strongest predictor of elevated MMP
levels (B=0.56, p<0.001), followed by BMI (p=0.42,
p<0.001). These findings align with research by
Thompson and Anderson (2023), who demonstrated
similar associations in a longitudinal study of OA
progression markers.

Conclusion

The study demonstrates strong correlations between
MMP levels and OA progression markers, particularly
for MMP-13, which showed the strongest association
with clinical severity measures. The findings validate
the potential of MMPs as biological markers for OA
progression and suggest their utility in early disease
detection and monitoring. The study also highlights the
complex interplay between demographic factors,
clinical parameters, and MMP expression patterns,
supporting their role in personalized therapeutic
approaches.
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Recommendations

Future research should focus on longitudinal studies
with larger, multicenter cohorts to validate these
findings across diverse populations. Implementation of
standardized MMP testing protocols in clinical settings
is recommended to facilitate early disease detection.
Development of point-of-care testing for MMP levels
could enhance clinical utility. Regular monitoring of
MMP levels in high-risk patients might help in early
intervention strategies. Integration of MMP testing with
conventional diagnostic tools is suggested for
comprehensive  patient  assessment.  Therapeutic
interventions targeting specific MMPs should be
explored based on individual patient profiles.
Educational programs for healthcare providers about the
utility of MMP testing in OA management should be
developed.
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