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ABSTRACT 
 

Objective: This systematic review aims to evaluate the current state of biomarkers in osteoarthritis 
(OA) management, focusing on their diagnostic, prognostic, and therapeutic utility. The review also 
assesses the potential of multi-marker models that integrate clinical and demographic data, and 
explores the relationships between OA and other systemic conditions. 
Methods: A search of electronic databases comprising PubMed, Web of Science, Cochrane 
Library, and EMBASE was conducted, following the PRISMA guidelines, to identify relevant studies 
that discuss the role of biomarkers in OA. Special attention was given to studies evaluating the 
diagnostic accuracy, prognostic value, and therapeutic implications of these molecular indicators. 
Results: Of the 736 studies identified, a total of 8 were included. Numerous biomarkers such as C-
terminal telopeptide of collagen type II (u-CTX-II), serum cartilage oligomeric protein (COMP), N-
terminal pro-B type natriuretic peptide (NT-proBNP), and high-sensitivity troponins T and I (hs-cTnT 
and hs-cTnI) have been explored for their potential role in cartilage degradation and disease 
progression in osteoarthritis (OA). These biomarkers, often associated with collagen and aggrecan 
metabolism in joint tissues, have been investigated for their diagnostic accuracy, prognostic value, 
and therapeutic implications. Despite these efforts, no individual biomarker has yet achieved the 
level of reliability and specificity required for individualized diagnosis or prognosis. 
Conclusion: Biomarkers hold substantial promise in advancing our understanding and 
management of OA, but their individual application remains limited. A key limitation of this review is 
the small number of studies included, which may limit the generalizability of the findings. Integrated 
multi-marker models offer a more nuanced and effective risk assessment and could serve as a 
basis for individualized management strategies. The findings suggest that future research should 
focus on refining multi-marker models, exploring novel biomarkers, and elucidating the systemic 
implications of OA. Additionally, larger and more comprehensive studies are needed to validate 
these biomarkers' clinical utility. 
 

 

Keywords: Osteoarthritis; biomarkers; diagnosis; prognosis; systemic diseases; multi-marker models. 
 

1. INTRODUCTION 
 

Osteoarthritis (OA) is an inflammatory condition 
affecting joints, marked by a slow but unrelenting 
disintegration of joint cartilage, the growth of 
bone spurs, increased density of subchondral 
bone, alterations in bone marrow, expansion of 
bone edges, inflammation of the synovial 
membrane, and tissue fibrosis [1]. OA does not 
just target the joint; it impacts the whole joint 
structure, including the surrounding muscles [2]. 
The condition has various root causes, intricate 
underlying mechanisms, and a complex array of 
molecular pathways that contribute to its 
pathology [3,4]. 
 

Current diagnostic methods fall short in 
identifying the initial changes in the cartilage 

indicative of OA [5,6]. While indicators like 
inflammation, pain, and unsteady movement are 
classic signs of the disease, biomarkers 
measurable in the synovial fluid, blood, and urine 
offer more precise diagnostic avenues for OA at 
different stages [7]. Numerous such biomarkers, 
signaling cartilage deterioration or the enzymes 
that trigger OA, have been discovered [8]. These 
biomarkers are increasingly used to pinpoint the 
disease's onset, gauge its severity, track its 
progression, provide prognostic information, and 
inform therapeutic choices. 
 

Although magnetic resonance imaging (MRI) is 
an effective tool for capturing late-stage cartilage 
and bone damage in OA, it is not an early 
diagnostic tool [9]. In these circumstances, 
circulating biochemical markers and proxy 
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outcomes become increasingly crucial. They help 
detect the disease in its infancy and guide the 
selection of either a disease-modifying drug or 
alternative treatments to halt OA's advancement. 
 
In recent years, biomarkers have gained 
prominence in the medical field for their potential 
role in predicting disease onset, assessing 
severity, and monitoring treatment efficacy. 
These biological indicators can be proteins, 
genes, or other molecules that offer insights into 
the physiological condition of an individual. In the 
context of osteoarthritis, biomarkers could 
provide valuable information on the underlying 
biochemical processes, possibly predicting the 
risk of developing OA or progressing to more 
severe stages of the disease. 
 
Although a considerable body of research exists 
examining various potential biomarkers for OA, 
such as fasting plasma glucose, uCTX-II, and 
sVCAM-1, among others, findings are often 
inconsistent and inconclusive [10]. Moreover, 
many studies have primarily focused on one or a 
limited set of biomarkers, making it challenging to 
understand their predictive or diagnostic efficacy 
in a broader context. This systematic review aims 
to comprehensively evaluate the existing 
scientific literature on the potential of using 
biomarkers for risk assessment in osteoarthritis. 
 

2. METHODS 
 

2.1 Eligibility Criteria 
 

• Participants: Studies involving patients 
diagnosed with OA or at risk of developing 
OA. 

• Intervention: Studies that investigate the 
utility of biomarkers in assessing the risk, 
diagnosis, prognosis, or treatment of OA. 

• Study Design: All study types, including 
Randomized Controlled Trials (RCTs), 
longitudinal cohort studies, observational 
cohort studies, and comparative cohort 
studies, were considered. 

• Outcome Measures: Studies must report on 
the utility or potential utility of biomarkers in 
the risk assessment for OA, diagnosis, 
treatment tracking, or patient outcomes 
related to OA. 

 

2.2 Information Sources 
 
Adhering to the PRISMA Statement 2020 
guidelines, a systematic electronic search was 
conducted across databases such as PubMed, 

Web of Science, Cochrane Library, and 
EMBASE. A manual search of related journals, 
conference proceedings, and reference lists of 
included studies was also conducted to ensure a 
comprehensive review. The final search 
concluded on 8th September 2023, without any 
language or time restrictions. 
 

2.3 Search Strategy 
 

We employed a comprehensive search strategy 
using keywords related to osteoarthritis and 
biomarkers. Keywords included "Osteoarthritis", 
"OA", "biomarkers", "risk assessment", 
"diagnosis", "prognosis", "treatment", "uCTX-II", 
"sVCAM-1", "YKL-40", "fasting plasma glucose", 
and other related terms. Both Medical Subject 
Headings (MeSH) and free-text terms were used 
to ensure a comprehensive search. 
 

2.4 Study Selection 
 

Two independent reviewers screened the titles 
and abstracts of studies identified through the 
search strategy for eligibility. Full-text articles 
were subsequently acquired and further 
assessed based on the defined eligibility criteria. 
Studies meeting all the criteria were included, 
while those not meeting these criteria were 
excluded. 
 

2.5 Data Extraction and Synthesis 
 
Data were extracted and summarized in a 
narrative synthesis focusing on the utility of 
biomarkers for risk assessment in OA. The 
extracted data were categorized and analyzed to 
understand their implications for clinical practice 
and future research needs. The synthesis was 
structured as follows: "author (year), title, study 
design, sample size, biomarkers examined, key 
outcomes, and comments." By adhering to this 
methodological framework, we aim to provide a 
comprehensive and balanced overview of the 
current state of research on the utility of 
biomarkers in the context of osteoarthritis risk 
assessment.  
 

2.6 Methodological Quality Assessment 
 
The quality of included studies was assessed 
using the Physiotherapy Evidence Database 
(PEDro) scale, which evaluates 11 key 
methodological criteria for randomized controlled 
trials (RCTs). The criteria include random 
allocation, concealed allocation, baseline 
comparability, blinding of participants, therapists, 
and assessors, adequacy of follow-up, intention-
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to-treat analysis, and between-group 
comparisons for at least one key outcome. 
Cohort and observational studies were also 
assessed for baseline comparability, follow-up 
rates, and whether statistical comparisons were 
made for key outcomes. 
 
Each included study was scored based on its 
compliance with the PEDro criteria, with a total 
possible score of 10 points for RCTs (excluding 
the eligibility criteria, which is not scored). Two 
independent reviewers assigned PEDro scores, 
and disagreements were resolved through 
consensus. The PEDro scoring results are 
summarized in Table 2, with higher scores 
indicating better methodological quality. 
 

3. RESULTS 
 
In the initial search, we identified 736 studies 
from various databases. After removing 43 
duplicates, 693 studies remained for further 
examination. Screening based on titles and 
abstracts led to the exclusion of 637 studies due 
to irrelevance. An in-depth look was then given to 
56 full-text articles, of which 48 were 
subsequently excluded for failing to meet our 
eligibility criteria. Finally, 8 studies were selected 
for inclusion in this systematic review. The 
progression of study selection is visually 
summarized in Fig. 1 through a PRISMA 
flowchart. The characteristics of the included 
studies are listed in Table 1. 

 
 

Fig. 1. PRISMA flowchart depicting the study selection process 
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Table 1. Characteristics of the included studies 

 
Author, Year Title Study Design Sample Size Biomarkers 

Examined 
Key Outcomes Comments 

Andersson et al., 
2022 [11] 

Cohort profile: the 
Halland osteoarthritis 
(HALLOA) cohort-
from knee pain to 
osteoarthritis: a 
longitudinal 
observational study in 
Sweden  

Longitudinal 
cohort study 

306 individuals, 
mean age (SD) 
51.7 (8.7) years, 
69% are women 

Fasting plasma 
glucose, visceral fat, 
total body fat 

-Associations found between 
metabolic factors and 
radiographic knee OA, even in 
those with normal BMI  
-Clinical hand OA was positively 
associated with fasting plasma 
glucose. Increased visceral and 
total body fat were associated 
with increased pain sensitivity 

The study indicates that 
metabolic factors and body 
composition, such as 
visceral fat and fasting 
plasma glucose, are 
associated with the early 
development of 
radiographic knee OA and 
increased pain sensitivity, 
providing potential 
avenues for risk prediction 
and therapeutic targeting 

Bihlet et al., 2020 
[12] 

Clinical and 
biochemical factors 
associated with risk of 
total joint replacement 
and radiographic 
progression in 
osteoarthritis: Data 
from two phase III 
clinical trials  

Cumulative 
data from two 
phase three 
clinical trials 

1255 knee OA 
patients followed 
for two years 

uCTX-II, along with 
baseline clinical 
variables like age, 
sex, and BMI 

-A prediction model 
incorporating age, sex, BMI, 
CTX-II, and KL-grade predicted 
TJR within the two-year period 
with an AUC of 0.75 (95% CI: 
0.72-0.77)  
-Participants with a cumulative 
KL-grade between knees of 5, 6, 
or 7 had a more than 3 times 
higher risk of TJR compared to 
lower (HR: 3.03, 95% CI: 1.54 to 
5.96, P = 0.001)  
-Age was associated with 
increased TJR risk (per 5 years 
of age: HR: 1.28, 95% CI: 1.03-
3.79, P = 0.05)  
-Baseline u-CTX-II was 
associated with elevated risk of 
radiographic progression 

The study demonstrates 
that a composite model 
incorporating age, sex, 
BMI, and u-CTX-II can 
effectively predict total 
joint replacement and 
radiographic progression 
in knee OA patients over a 
two-year period 

Haraden et al., 
2019 [13] 

Synovial fluid 
biomarkers 
associated with 

Clinical Trial 
(Multivariable 
regression 

48 knees from 25 
participants 

Soluble (s)VCAM-1, 
MMP-3, sICAM-1, 
TIMP-1, VEGF, MCP-

-Soluble (s)VCAM-1 and MMP-3 
are significantly associated with 
synovial inflammation (FDR-

The study identifies six 
synovial fluid biomarkers 
linked to synovial 
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Author, Year Title Study Design Sample Size Biomarkers 
Examined 

Key Outcomes Comments 

osteoarthritis severity 
reflect macrophage 
and neutrophil related 
inflammation  

with GEE and 
FDR 
correction) 

1, CD163, CD14, 
elastase among 47 
different cytokines, 
chemokines, and 
growth factors 

adjusted P = 0.025 and 1.06 × 
10^-7)  
-sVCAM-1, sICAM-1, TIMP-1, 
and VEGF are significantly 
associated with radiographic OA 
severity (P = 1.85 × 10^-5 to 
3.97 × 10^-4)  
-VEGF, MMP-3, TIMP-1, 
sICAM-1, sVCAM-1, and MCP-1 
are significantly associated with 
OA symptoms (P = 2.72 × 10^-5 
to 0.050) 

inflammation, radiographic 
severity, and symptoms in 
osteoarthritis, suggesting 
their utility in targeting 
therapies for individuals at 
high risk for knee OA 
progression 

Karsdal et al., 
2019 [14] 

Serological biomarker 
profiles of rapidly 
progressive 
osteoarthritis in 
tanezumab-treated 
patients  

Randomized 
Controlled 
Trial (Non-
linear and 
linear 
multivariable 
predictive 
models using 
data from 
tanezumab 
trials) 

47 cases (RPOA 
type-2) and 92 
controls who 
used NSAIDs for 
either less than 
90 days (limited 
users) or 90 days 
and above 
(chronic users) 

Biochemical 
biomarkers of bone, 
cartilage, soft tissue, 
and synovial 
metabolism 

-For limited NSAID users, the 
ROC curve area for RPOA type-
2 was 71% [CI (60-83%)], and 
they had an 8-fold higher 
relative risk [CI (2-33)]  
-For chronic NSAID users, the 
AUC was 78% [CI (69-88%)], 
with a 4-fold relative risk [CI (2-
6)] of developing RPOA type-2 

The study identifies 
specific biomarker 
combinations that 
significantly increase the 
risk of developing RPOA 
type-2 in osteoarthritis 
patients who are either 
limited or chronic users of 
NSAIDs 

Okada et al., 
2019 [15] 

Comparison of 
meniscal extrusion 
and osteophyte 
formation at the 
intercondylar notch as 
a predictive biomarker 
for incidence of knee 
osteoarthritis-Data 
from the Osteoarthritis 
Initiative  

Comparative 
cohort study 

2 cohorts (65 
individuals in 
each cohort) 
were established 
from publicly 
available 
Osteoarthritis 
Initiative (OAI) 
data 

Medial meniscal 
extrusion (ME) and 
osteophyte formation 
at the posterior 
condylar notch of the 
femur 

-The AUC for ME evaluated by 
meniscus subluxation index 
(MSI) was 0.654 (95% CI: 
0.561-0.748), and by medial 
radial displacement (MRD) was 
0.677 (95% CI: 0.584-0.770)  
-The AUC for osteophyte 
formation, as assessed by 
WORMS score, was 0.667 (95% 
CI: 0.579-0.756) 

The study demonstrates 
that both ME and 
osteophyte formation at 
the posterior condylar 
notch have similar 
predictive capacities for 
KOA development, 
suggesting potential for 
mass-screening 

Kluzek et al., 
2015 [16] 

Serum cartilage 
oligomeric matrix 
protein and 
development of 

Longitudinal 
cohort study 

593 middle-aged 
women with no 
baseline KOA 

Serum cartilage 
oligomeric matrix 
protein (sCOMP) 

Highest quartile of sCOMP 
associated with increased risk of 
radiographic knee OA (RKOA) 
with an overall OR of 1.97 (95% 

The study shows that 
elevated sCOMP levels 
serve as a predictive 
biomarker for the 
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Author, Year Title Study Design Sample Size Biomarkers 
Examined 

Key Outcomes Comments 

radiographic and 
painful knee 
osteoarthritis. A 
community-based 
cohort of middle-aged 
women  

CI: 1.33-2.91) over 20 years 
compared to the lowest sCOMP 
quartile 

development of structural 
and painful knee 
osteoarthritis over 20 
years, independent of age 
and BMI 

Kennish et al., 
2014 [17] 

Age-dependent ferritin 
elevations and HFE 
C282Y mutation as 
risk factors for 
symptomatic knee 
osteoarthritis in 
males: a longitudinal 
cohort study  

2-year 
longitudinal 
observational 
study 

127 patients with 
knee OA and 20 
healthy controls 

Serum ferritin, HFE 
gene mutation 

-Higher levels of serum ferritin 
were found in patients older 
than 56 years (P=0.0186) and 
males (P=0.0006). HFE gene 
mutation more prevalent in OA 
patients  
-Higher ferritin in male patients 
was associated with narrower 
joint space width (P=0.032) and 
a nearly five-fold risk of 
radiographic severity (KL grade 
>2) (odds ratio = 4.74, P=0.023) 

Serum ferritin levels are 
associated with 
symptomatic knee OA, 
particularly in older males, 
suggesting a potential role 
for iron stores in OA 
pathogenesis 

Sanghi et al., 
2013 [18] 

Does vitamin D 
improve osteoarthritis 
of the knee: a 
randomized controlled 
pilot trial  

Randomized 
Controlled 
Pilot Trial 

107 patients with 
knee 
osteoarthritis and 
vitamin D 
insufficiency 
(25(OH)D ≤ 50 
nmol/L) 

Serum total calcium, 
25(OH)D, and alkaline 
phosphatase 

-Knee pain decreased in the 
vitamin D group by mean -0.26 
on VAS and -0.55 on the 
WOMAC  
-Knee function improved in the 
vitamin D group by mean -1.36 
over the placebo group  
-Significant biochemical 
changes in serum total calcium, 
25(OH)D, and alkaline 
phosphatase 

The study suggests that 
while vitamin D treatment 
led to clinical benefits in 
knee OA patients, the 
biochemical markers like 
serum total calcium, 
25(OH)D, and alkaline 
phosphatase were altered 
but were not explicitly 
linked as risk predictors of 
OA progression 

Abbreviations: 25(OH)D: 25-Hydroxyvitamin D; AUC: Area Under the Curve; BMI: Body Mass Index; CD14: Cluster of Differentiation 14; CD163: Cluster of Differentiation 163; CI: Confidence 
Interval; CTX-II: C-terminal telopeptide of type II collagen; FDR: False Discovery Rate; GEE: Generalized Estimating Equations; HALLOA: Halland Osteoarthritis; HFE: High Iron Fe (gene 

mutation); HR: Hazard Ratio; KL: Kellgren-Lawrence grade; KOA: Knee Osteoarthritis; MCP-1: Monocyte Chemoattractant Protein-1; ME: Medial Meniscal Extrusion; MMP-3: Matrix 
Metalloproteinase-3; MRD: Medial Radial Displacement; MSI: Meniscus Subluxation Index; NSAID: Non-Steroidal Anti-Inflammatory Drug; OA: Osteoarthritis; OAI: Osteoarthritis Initiative; OR: 

Odds Ratio; RPOA: Rapidly Progressive Osteoarthritis; sCOMP: Serum Cartilage Oligomeric Matrix Protein; SD: Standard Deviation; sICAM-1: Soluble Intercellular Adhesion Molecule-1; 
sVCAM-1: Soluble Vascular Cell Adhesion Molecule-1; TIMP-1: Tissue Inhibitor of Metalloproteinases-1; TJR: Total Joint Replacement; VAS: Visual Analogue Scale; VEGF: Vascular 

Endothelial Growth Factor; WOMAC: Western Ontario and McMaster Universities Arthritis Index; WORMS: Whole-Organ Magnetic Resonance Imaging Score 
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Table 2. PEDro scoring table for included studies 
 

Study (Author, 
Year) 

Random 
Allocation 

Concealed 
Allocation 

Baseline 
Comparability 

Blinding of 
Participants 

Blinding 
of 
Therapists 

Blinding 
of 
Assessors 

Adequate 
Follow-
up 

Intention-
to-Treat 
Analysis 

Between-
Group 
Comparisons 

Measures 
of 
Variability 

Total 
Score 
(out 
of 10) 

Andersson et 
al., 2022 [11] 

No No Yes No No No Yes No No Yes 4/10 

Bihlet et al., 
2020 [12] 

Yes Yes Yes Yes No Yes Yes Yes Yes Yes 8/10 

Haraden et al., 
2019 [13] 

Yes Yes Yes No No Yes Yes Yes Yes Yes 8/10 

Karsdal et al., 
2019 [14] 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10/10 

Okada et al., 
2019 [15] 

No No Yes No No No Yes No Yes Yes 5/10 

Kluzek et al., 
2015 [16] 

No No Yes No No No Yes No Yes Yes 5/10 

Kennish et al., 
2014 [17] 

No No Yes No No No Yes No Yes Yes 5/10 

Sanghi et al., 
2013 [18] 

Yes Yes Yes Yes No Yes Yes Yes Yes Yes 8/10 
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Andersson et al. conducted a longitudinal cohort 
study with 306 participants in Sweden, primarily 
women, with an average age of 51.7 years [11]. 
The study aimed to understand the relationship 
between metabolic factors and OA. They 
specifically examined fasting plasma glucose, 
visceral fat, and total body fat. Notably, they 
found associations between these metabolic 
factors and the early development of 
radiographic knee OA. This is particularly 
groundbreaking because it was observed even in 
individuals with a normal Body Mass Index (BMI). 
The study suggests that we should consider 
metabolic factors as important variables for risk 
prediction and potential therapeutic targeting in 
OA. 

 
Bihlet and colleagues integrated data from two 
phase III clinical trials, involving 1255 knee OA 
patients over a two-year period [12]. Their study 
developed a composite model that incorporates 
age, sex, BMI, and a specific biomarker, u-CTX-
II, to predict the risk of total joint replacement and 
radiographic progression in knee OA patients. 
The model yielded an AUC of 0.75, indicating 
good predictive power, which is particularly 
useful for clinicians in making evidence-based 
decisions regarding treatment and surgery. 

 
This clinical trial led by Haraden et al. studied 48 
knees from 25 participants to identify biomarkers 
associated with OA severity [13]. The biomarkers 
studied included sVCAM-1, MMP-3, and others. 
The findings highlight the role of these markers in 
synovial inflammation, radiographic OA severity, 
and symptoms. These biomarkers could be 
useful in identifying individuals at a high risk of 
knee OA progression, thereby aiding in targeted 
therapeutic interventions. 

 
The randomized controlled trial by Karsdal et al. 
focused on the risk of developing rapidly 
progressive osteoarthritis (RPOA type-2) in 
patients using NSAIDs either limitedly or 
chronically [14]. This study is critical because it 
identified particular combinations of biochemical 
markers that were significantly associated with 
an increased risk of developing RPOA type-2, 
providing a new perspective on the effects of 
NSAID usage in OA patients. 

 
Okada and team performed a comparative cohort 
study with 130 individuals to assess medial 
meniscal extrusion (ME) and osteophyte 
formation as predictive biomarkers for knee OA 
[15]. They found that both markers have similar 
capacities for predicting the development of knee 

OA, thereby suggesting their suitability for large-
scale screenings to identify at-risk populations. 
 
Kluzek's longitudinal cohort study followed 593 
middle-aged women without baseline knee OA. 
The study found that elevated levels of serum 
cartilage oligomeric matrix protein (sCOMP) were 
associated with an increased risk of developing 
structural and painful knee OA over a 20-year 
period, independent of age and BMI [16]. This 
long-term view is particularly valuable for 
understanding OA progression in women. 
 

Kennish and colleagues presented a two-year 
longitudinal observational study with 127 knee 
OA patients and 20 healthy controls [17]. They 
discovered that higher levels of serum ferritin, 
particularly in males older than 56, were 
associated with symptomatic knee OA. This 
suggests that iron stores could play a role in OA 
pathogenesis, offering a new avenue for 
investigation and potentially, intervention. 
 

Sanghi et al. performed a randomized controlled 
pilot trial with 107 knee OA patients who also had 
vitamin D insufficiency [18]. The study found that 
vitamin D supplementation led to clinical benefits, 
including reduced knee pain and improved 
function. However, it was inconclusive in linking 
changes in biochemical markers like serum total 
calcium and 25(OH)D to OA progression, 
indicating a need for further research in this area. 
 

To assess the methodological quality of the 
included studies, the PEDro scale was utilized. 
The studies varied in quality, with scores ranging 
from 4/10 to 10/10. The randomized controlled 
trials (RCTs) such as Karsdal et al. [14] and 
Bihlet et al. [12] achieved the highest 
methodological rigor, fulfilling most of the PEDro 
criteria including randomization, allocation 
concealment, and blinding. These studies 
provided strong evidence for the utility of 
biomarkers in OA management (Table 2). 
 
In contrast, cohort studies such as Andersson et 
al. [11] and Okada et al. [15] lacked 
randomization and blinding, resulting in moderate 
scores. While these studies contributed valuable 
insights into OA biomarkers, the lack of rigorous 
methodological design limits the strength of their 
conclusions compared to the higher-quality 
RCTs. 
 

4. DISCUSSION 
 
This systematic review synthesized data from 8 
studies to explore the utility of biomarkers in risk 



 
 
 
 

Amanze et al.; J. Adv. Med. Med. Res., vol. 36, no. 11, pp. 195-207, 2024; Article no.JAMMR.124397 
 
 

 
204 

 

assessment for osteoarthritis OA. Our results 
support the growing body of evidence that 
various biochemical markers measurable in 
serum, urine, and synovial fluid can play a 
significant role in identifying early stages of OA, 
gauging its severity, and even predicting its 
progression. Markers such as fasting plasma 
glucose, uCTX-II, and sVCAM-1 emerged as 
particularly promising. 
 
Numerous biomarkers are being studied to 
understand joint remodeling and the progression 
of OA. These biomarkers range from those linked 
to collagen metabolism in either cartilage or bone 
to those related to non-collagenous proteins and 
inflammatory pathways [19]. Despite their utility, 
these markers have not yet proven fully effective 
for diagnosis or prognosis on an individual level. 
This shortcoming pinpoints the need for a more 
robust set of biomarkers that could act as reliable 
surrogate outcomes in clinical trials or predictive 
tools for disease onset and progression. 
 
Notably, recent studies have examined 
biomarkers that also forecast comorbidities and 
mortality risks associated with OA [20–22]. For 
instance, elevated levels of growth differentiation 
factor-15 (GDF-15) have been highlighted as a 
significant predictor of all-cause mortality in OA 
patients [23]. Such findings encourage the 
inclusion of markers that predict other health 
risks, thereby contributing to a more holistic 
disease management strategy. 
 
Although biomarkers like NT-proBNP and high-
sensitivity troponins T and I have been 
associated with increased mortality, they are not 
fully conclusive due to confounding variables like 
age, sex, and cardiovascular factors [24]. This 
indicates a need for more nuanced models that 
take into account multiple variables to provide a 
comprehensive risk profile. 
 
Emerging evidence suggests an intricate 
relationship between metabolic conditions like 
diabetes mellitus and OA. While initial results 
have indicated that markers of abnormal glucose 
metabolism might be linked to OA, these findings 
lose statistical significance when accounting for 
body mass index (BMI), necessitating further 
study to tease out these associations. 
 
Our findings align with prior research 
emphasizing the importance of biomarkers in OA 
diagnosis and management [25–27]. However, 
unlike previous studies that often focus on single 
markers, our review takes a holistic approach, 

considering a variety of markers and their 
implications across different stages of the 
disease. For instance, our review corroborates 
the work of Andersson et al., which found 
metabolic factors to be critical in early OA 
development. Likewise, our analysis 
complements the study by Bihlet et al., which 
demonstrated the efficacy of composite models 
incorporating biomarkers and clinical variables in 
predicting total joint replacement. 
 
Multi-marker models hold significant promise for 
practical application in clinical settings. By 
incorporating multiple biomarkers alongside 
demographic and clinical factors such as age, 
sex, and BMI, these models could offer a more 
comprehensive risk profile for patients at various 
stages of OA. For instance, such models could 
be integrated into electronic health records 
(EHRs) to provide real-time, evidence-based 
recommendations for early intervention or 
modification of existing treatments. Additionally, 
the development of point-of-care testing 
technologies that enable the rapid quantification 
of biomarker panels could further enhance their 
utility in routine clinical practice, enabling more 
personalized and timely management strategies. 
 
Despite the wealth of research on OA 
biomarkers, the reliability and specificity of 
individual biomarkers remain a challenge. 
Biomarkers such as u-CTX-II and sCOMP have 
shown promise in identifying cartilage 
degradation and disease progression; however, 
their performance across different patient 
populations has been inconsistent. Variability in 
the sensitivity of these markers to confounding 
variables like age, BMI, and comorbidities has 
limited their standalone diagnostic and 
prognostic utility. To overcome these limitations, 
combining multiple biomarkers in composite 
models improves the accuracy and specificity of 
risk assessments. These models not only 
mitigate the weaknesses of single biomarkers but 
also provide a more holistic understanding of 
OA's multifactorial nature, which is crucial for 
individualized patient care. 
 
One of the strengths of this review is its 
comprehensive search strategy, aimed at 
capturing a broad spectrum of relevant studies. 
Furthermore, the use of the PRISMA guidelines 
ensures a rigorous methodology. However, our 
review is not without limitations. The 
heterogeneity in study designs and sample sizes 
among the included studies could affect the 
robustness of our conclusions. Additionally, not 
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all studies provided long-term follow-up data, 
limiting our ability to comment on the long-term 
predictive power of these biomarkers. Our study 
highlights the need for further research to 
validate the identified biomarkers through large-
scale, multi-center trials [28–32]. For clinical 
practice, our findings suggest that a multi-marker 
approach could offer a more nuanced and 
comprehensive overview of OA status, aiding in 
more accurate diagnosis and targeted 
therapeutic interventions. 

 
5. CONCLUSION  

 
In sum, the potential for biomarkers to 
revolutionize our comprehension and therapeutic 
approaches for OA is required. These molecular 
indicators serve as windows into the 
physiological processes underlying joint 
deterioration and could substantially facilitate 
early diagnosis and targeted interventions. 
However, the existing pool of biomarkers has yet 
to reach the level of reliability and specificity 
required for individualized diagnostic and 
prognostic applications. As it stands, no single 
biomarker can fully discriminate between patients 
and healthy controls, or categorize patients 
according to varying degrees of disease severity. 
The advent of multi-marker models is a 
noteworthy advancement in this context. By 
integrating a range of biomarkers with 
demographic and clinical variables, such as age, 
sex, and BMI, these models offer a more 
nuanced and comprehensive risk assessment for 
OA. Such complex algorithms have the potential 
to improve predictive accuracy, thus enabling 
clinicians to tailor management strategies                 
more effectively based on individual patient 
profiles. 
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