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d Leeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds, NIHR Leeds Biomedical Research Centre, Leeds Teaching Hospitals NHS Trust, Leeds, 
UK
e Center for Translational Immunology, University Medical Center Utrecht, Utrecht University, Utrecht, the Netherlands
f MusculoSKeletal Innovative Research Lab, CHU Sart-Tilman, Li�ege, Belgium
g Physical Therapy and Rehabilitation Department, Princess Paola Hospital, Vivalia, Marche-en-Famenne, Belgium
h Department of Clinical Neuroscience, Karolinska Institutet, Stockholm and Department of Surgical Sciences, Uppsala University, Uppsala, Sweden
i Research Unit of Health Sciences and Technology, Faculty of Medicine, University of Oulu, Oulu, Finland
j State Research Institute Centre for Innovative Medicine, Vilnius, Lithuania
k Department of Joint Surgery, First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China
l Institute of Physiology 1/Neurophysiology, Jena University Hospital, Friedrich-Schiller-University, D-07740, Jena, Germany
m Department of Internal Medicine, Institute of Clinical Medicine, University of Tartu, Estonia
n Sorbonne Universit�e Department of Rheumatology, Saint-Antoine Hospital, Assistance Publique–Hôpitaux de Paris (AP-HP), Centre de Recherche Saint-Antoine 
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A B S T R A C T

Objective: This study aimed to provide an overview of the relationship between osteoarthritis (OA) pain and 
various fluid biomarkers by conducting a systematic literature review (SLR), to help the development of OA- 
related pain endotyping.
Method: An SLR was conducted, using the PubMed, Embase, Scopus, Web of Science and the Cochrane Library 
databases, up to December 2024. Pain measures (VAS, WOMAC, HOOS/KOOS, AUSCAN, PainDETECT and Pain 
Pressure Threshold) were analysed for their association with circulating biomarkers in blood, urine, synovial and 
cerebrospinal fluids or tissue and genetic biomarkers. Biomarkers were categorised as “associated” depending on 
statistical significance and further subcategorised as “consistently associated”, “uncertainly associated” or “not 
associated” based on the quality of evidence determined by the number of studies, sample size and the strength of 
correlation.
Results: The five databases yielded 30,088 citations, of which 263 relevant papers were selected. Total cholesterol 
in the blood was the only biomarker consistently associated with pain. Among blood biomarkers, CRP, hsCRP 
and IL-17 showed suggestive but inconsistent associations with OA-related pain. In synovial fluid, IL-17, C2C and 
VEGF were consistently associated with increasing pain intensity, based on multiple concordant studies. In ce
rebrospinal fluid, CX3CL1 and Flt-1 were consistently associated with pain, displaying a negative correlation.
Conclusion: This SLR identified no relevant biomarkers in different body fluids that were associated with OA- 
related pain. Further investigation of CRP and IL-17 is required to achieve greater consistency across studies.
PROSPERO: CRD42024550244.
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1. Introduction

Osteoarthritis (OA) is one the most prevalent degenerative joint 
diseases, affecting millions globally and serving as a leading cause of 
chronic pain, which significantly reduces the quality of life of people 
with OA [1]. Despite its widespread occurrence, early detection and 
effective treatment of OA remain challenging. OA-related pain is com
plex and involves not only structural changes in the joints but also 
chemical and neurophysiological factors [2–4]. The immune system is 
known to contribute to pain [5]. Within the OA population several 
phenotypes can be defined [8–10]. In addition, several pain subtypes 
coexist, distinguished by nociceptive or neuropathic components [6,7]. 
Identifying these phenotypes through synovial fluid (SF) biomarkers 
may help identify and tailor treatment options by targeting inflamma
tory pathways, similar to approaches used in patients with rheumatoid 
arthritis [11].

Biomarkers, which serve as measurable biological indicators, have 
emerged as valuable tools in the diagnosis, prognosis, and management of 
OA. They also provide insights into pathological biological processes such 
as inflammation, cartilage degradation, and nerve sensitization, all 
contributing to the pain experience in OA [12–17]. We adopted the 
updated definition of a biomarker reported by the FDA-NIH Biomarker 
Working Group. A biomarker is a measurable characteristic that indicates a 
normal biological process or response to an exposure or intervention. Here, 
we have focused on circulating biomarkers in relation to OA-related pain. 
These biomarkers can be cells, proteins or mediators in biological fluids. 
We have also included the synovial biopsy and genetic findings [18].

A wide range of studies have linked various biomarkers reflecting 
various biological processes such as inflammation, cartilage degradation 
or sensitization, to be associated with OA and OA-related pain [18–25]. 
A considerable number of studies have assessed the association of bio
markers in blood, urine, SF or cerebrospinal fluid (CSF) biomarkers to 
OA-related pain [18,19]. However, diverse methodologies and occa
sional conflicting results have made it difficult to draw definitive con
clusions. There are also studies on DNA single nuclear polymorphism 
and synovial tissue analysis in relation to OA pain. Identifying specific 
biomarkers linked to pain can help researchers and clinicians develop 
more effective pain management strategies, improve patient outcomes, 
and tailor treatments to meet individual needs. A precise understanding 
of the biomarkers profile in OA patients could refine the definition of 
OA-related pain and lead to a more efficient analgesic treatments [26].

Therefore, to improve the assessment and management of OA-related 
pain, this study aimed to delineate the current state-of-the-art knowl
edge on OA-related pain phenotyping through a well-established sys
tematic literature analysis and explore the relationship between OA pain 
and various fluid biomarkers.

2. Materials and methods

The research protocol was registered on PROSPERO 
(CRD42024550244).

2.1. Literature search

We searched 5 databases: MEDLINE via PubMed, EMBASE, Scopus, 
Web of Science, and the Cochrane library to identify all reports of interest 
concerning the relation between biomarkers and OA-related pain from 
inception until 2024/12/31. The search strategy comprised terms relating 
to three key concepts: ‘osteoarthritis’, ‘pain’ and ‘biomarkers’. For each 
concept, key words and Medical Subject Heading terms were combined. 
The search equations can be found in the supplementary file S1.

2.2. Eligibility criteria

Included studies were case-controls, cross-sectional or longitudinal 
studies whatever the joint location (knee, hip, hand, or other). It was 

mandatory that the data pertain to pain and to its relationship with 
biomarkers. Circulating biomarkers could be measured in blood, urine, 
SF or CSF and tissue biomarkers could concern synovial, muscle or fat 
pad tissue. Excluded were commentaries, protocols, editorials, case re
ports, articles concerning children, and studies with no full-text avail
able. No comparator (e.g. a control group) was necessary in our study. 
Our search was restricted to articles published in English or French. 
Reviews were excluded, but congress abstracts from the American Col
lege of Rheumatology, European League Against Rheumatism (EULAR) 
and the Osteoarthritis Research Society International congresses in the 
past two years were allowed. We also excluded the studies that assessed 
biomarkers after surgery, especially arthroplasty.

2.3. Study selection

Records were imported into Rayyan software [27] and duplicates 
were removed. Two investigators (SM and LK) initially selected poten
tially relevant articles by titles, keywords, and abstracts, followed by full 
text review. Two additional authors (KK and JS) oversaw the selection 
process, resolved discrepancies between the investigators, confirmed the 
inclusion and exclusion studies, and ensured no relevant studies were 
overlooked. Articles were selected after consensus between all in
vestigators. The methodological quality of each included study was 
assessed using the Newcastle-Ottawa Scale forms for case-control, 
cross-sectional and cohort studies [28].

2.4. Data extraction

Two investigators (SM and LK) extracted all data from each study 
using a standardized data abstraction form. Extracted were the number 
of patients with OA included, the location of OA, the characteristics of 
patients (mean age, percentage of women) and the pain intensity 
measured by the different scales. We defined as relevant scales of pain: 
the visual analogic scale (VAS), the Western Ontario and McMaster 
University Hip Disability and Osteoarthritis Outcome Score (WOMAC 
pain) [29], the Knee Injury and Osteoarthritis Outcome Score (KOOS) 
[30], the Hip Injury and Osteoarthritis Outcome Score (HOOS) [31], the 
AUStralian CANadian pain index [32], the painDETECT [33], the pain 
pressure threshold (PPT) [34]. All circulating biomarkers measured in 
blood, urine, SF, and CSF biomarkers were included in case of results in 
the article concerning the relation between pain and biomarkers. For 
blood-based biomarkers, we distinguished between serum and plasma 
when this information was available in the original study. Genetic 
markers were also included, but analysed separately from circulating 
biomarkers. These results could be correlation or regression coefficients. 
To gain an overall view of the biomarkers related to OA-related pain and 
to highlight their complexity, we decided to explore the associations or 
correlations between all circulating biomarkers, genetic or synovial bi
opsy findings and all pain measures. To this end, we compiled both 
patient-reported outcome (PRO) measures (VAS, HOOS/KOOS, WOMAC 
and PainDETECT) and pain phenotype assessments (PPT).

2.5. Data analysis, synthesis and report

The relationship between pain measures and biomarkers was first 
defined as “associated” or “not associated”. In case of a significant cor
relation or regression (p < 0.05), the biomarker was defined as “asso
ciated”. The further categorization of biomarkers as either “consistently 
associated”, “uncertainly associated” or “not associated” was based on 
the quality of available evidence. We used “consistently” when all the 
studies produced concordant results, meaning that they produced 
coherent results that pointed in the same direction. However, this clas
sification reflects the consistency of evidence, not the magnitude or 
strength of the correlation. Some biomarkers with “consistent associa
tions” may still exhibit low correlation coefficients (e.g., r ~ 0.2–0.25), 
which limits their clinical significance. “Uncertainly” was used if an 
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association between OA pain and a biomarker was reported in only one 
study or if the direction of the association (positive or negative) differed 
between studies. A positive (or negative, respectively) association was 
identified when the correlation coefficient or regression coefficient was 
positive (or negative, respectively) for the association between bio
markers and VAS pain or WOMAC pain, and negative (or positive, 
respectively) for the association between biomarkers and HOOS or 
KOOS. For HOOS and KOOS, the scale is inverted in relation to the VAS 
and WOMAC scales; the lower the score, the more intense the pain. A 
score of 0 in HOOS and KOOS indicates the worst possible symptoms, 
while a score of 100 indicates no symptoms. The choice between “un
certainly associated” and “uncertainly not associated” considered the 
number of studies, the samples size of patients within each study, and 
the strength of correlation. The relation was defined as strong, moder
ate, weak and very weak according to the “r” correlation coefficient, i.e. 
respectively >0.7, between 0.4 and 0.7, between 0.2 and 0.4, and <0.2. 
Where there are several studies on the same biomarker with different 
strengths of association, a consensus group (SM, LK, KK, JS) defined the 
final decision on the strength of correlation. For example, the associa
tion was strong in the first study (correlation>0.7) and moderate in the 
second (correlation between 0.4 and 0.7). After analysing these two 
studies, the consensus group concluded that the biomarker is consis
tently associated with pain, and that this association is positive. 
Although we did not take adjustment factors into account when making 
our decision, we noted whether the results had been adjusted for factors 
such as age and BMI. A sample size higher than altogether 100 patients 
included in the studies for each biomarker was considered as relevant, i. 
e. high enough to make the results strong. The categorization of each 
biomarker was first discussed between four researchers (SM, LK, KK, JS) 
and then with all the co-authors until consensus was reached. Similarly, 
groups reflecting the main pathophysiological processes of OA were 
formed, and each biomarker was assigned to one of these groups: 
inflammation, pain sensitization, bone or cartilage degradation, for
mation, or metabolism.

When the data on the correlation coefficient (the estimate and the 
measure of uncertainty or effect size) were available in at least three 
studies for a biomarker, we performed a meta-analysis of the correlation 

coefficients. If heterogeneity was observed (p-value of the I2 test was 
<0.05), we used a random effects model; otherwise, we used a fixed 
effects model. The overall correlation coefficients, expressed as an effect 
size with a 95 % confidence interval, were obtained using Stata software 
version 14.2.

3. Results

3.1. Selected studies

The five databases yielded a total of 30,088 citations with 263 
studies meeting the eligibility criteria (Fig. 1 and Table S1).

3.2. Study and patients' characteristics

The 263 studies (N = number of studies) included 50,712 patients 
with OA (Table S1). For 28,762 patients (185 studies) data on sex were 
available, with 18,729 (68.5 % by metaproportion) being women. The 
weighted mean age of patients was 62.4 years, (193 studies; 30,886 
patients) and the weighted mean BMI was 27.8 kg/m2 (152 studies; 
27,286 patients).

The weighted mean pain intensity of all studies and measured using 
the VAS (0–10 range) was 5.1 across 62 studies involving 6285 OA pa
tients. For the KOOS pain scale (0–100 range) the weighted mean was 
80.1 from 16 studies with 2869 OA patients (Table S1). Due to differ
ences and heterogeneity in measurement and results reporting across the 
53 studies involving 9380 OA patients), the weighted mean WOMAC 
pain could not be calculated.

Of the 263 studies included, 68 were only conference abstracts (25.8 
%) which were published in various journals, such as Osteoarthritis and 
Cartilage (N = 28), Annals of the Rheumatic Diseases (N = 9) or Arthritis 
and Rheumatology (N = 5). Most of included studies involved knee OA 
(N = 227), hip OA (N = 24), hand OA (N = 12), and other OA sites (N =
6). The methodological quality concerned 195 studies (abstracts 
excluded). The most frequent bias was the lack of justification or 
calculation of the sample size (Table S6).

Fig. 1. Flow chart depicting the identification of studies for inclusion in the review.
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3.3. Relation between OA-related pain and fluid biomarkers

A total of 210 OA pain biomarkers were identified across 263 studies 
(Table S1). The significance and categorization of each biomarker, based 
on pathophysiological processes (inflammation, pain sensitization, bone 
or cartilage degradation, formation, or metabolism), are detailed in 
Table S2. Most pain-related studies focused on blood and SF biomarkers 
(Table S3). Blood (serum, plasma) biomarkers were studied in 182 
studies, identifying 152 distinct biomarkers. Most blood biomarkers 
were measured in serum, while some (n = 11, e.g. IL-1, IL-6, IL-8 and 
TNF) were measured in both serum and plasma (Table S3). In blood, 
total cholesterol was the only biomarker “consistently associated” with 
OA-related pain. Among blood biomarkers, CRP, hsCRP and IL-17 
showed suggestive positive but inconsistent associations with OA- 
related pain. (Table 1 and Table S3). Forty-one and 20 other bio
markers were “uncertainly associated” with respectively a positive and 
negative association with pain. Conversely, 63 biomarkers were cat
egorised as “consistently not associated”, while 29 others were “uncer
tainly not associated”.

In SF, 98 different biomarkers were analysed across 63 studies. IL17, 
C2C and vascular endothelial growth factor (VEGF) were identified as 
“consistently associated” with a positive correlation to OA pain. Thirty- 
seven biomarkers were “consistently not associated” including COMP, 
while seventeen were “uncertainly not associated”. Additionally, thirty- 
seven and nine biomarkers were “uncertainly associated” with pain with 
respectively a positive and negative association (Table 2).

In urine, eleven biomarkers were studied with none “consistently 
associated”. CTX-II and C2C were “uncertainly not associated”, whereas 
Glc-Gal-PYD and TNF were “uncertainly associated”.

In CSF, biomarkers were studied in eleven studies with twelve 
“uncertainly associated”, including four with a positive association 
(e.g., Aβ40, IL6-R, SPLI and TNFalpha-R2) and the other ones with an 
inverse relationship. Flt-1 and CX3CL1 were the only CSF bio
markers “consistently associated” with pain in two and three studies 
involving respectively 67 patients for Flt-1 and 104 patients for 
CX3CL1 (both with a negative association). IL6, IL8, TGFbeta, VEGF 
and IP10 were “uncertainly not associated”, and others were 
“consistently not associated”.

Most biomarkers were related to inflammation and metabolism 
(Table S4). Of the six biomarkers “consistently associated” with pain, four 
were related to inflammation, i.e. IL17, VEGF, CX3CL1 and Flt-1. More
over, biomarkers that were consistently associated with OA-related pain 
were also linked to inflammation (e.g. CRP, hsCRP and IL10). The other 
two biomarkers consistently associated with pain were C2C, a cartilage 
degradation biomarker and total cholesterol, a metabolic biomarker.

Two hundred and 33 fluid biomarkers were respectively assessed in 
only one and two studies. Fig. 2 shows the results for the 65 fluid bio
markers found in three or more studies. Of these, only two biomarkers, 
total cholesterol (in blood) and CX3CL1 (in CSF), met the criteria for a 
“consistent association” and were studied in at least three publications 
with consistent results. This highlights the limited number of biomarkers 
with sufficient data and consistent findings. Readers should bear in mind 
the low-to-moderate correlation coefficients shown in the meta-analyses 
(e.g. r ~0.2–0.25 for CRP) when interpreting these associations, as these 
coefficients suggest weak statistical associations despite consistency.

Table S7 and Supplementary Figures present the overall correlation 
coefficients for the most widely studied biomarkers (also examined in at 
least three studies).

3.4. Relation between OA-related pain and other biomarkers

The tissue and genetic markers were analysed separately from the 
circulating biomarkers. Thirty-three studies assessed the relation be
tween OA-related pain and biomarkers in non-fluid samples such as 
tissue samples, or genetic markers like SNPs.

In synovial tissue, 8 studies explored the relation of biomarkers with 
OA pain. The number of CD4+ T cells was “consistently associated” with 
VAS pain in two studies: de Jong and Klein-Wieringa [35,36]. The 
number of mast cells, Treg, or CD116 were “uncertainly associated” with 
VAS pain, each demonstrated in separate studies Farinelli, Nees and 
Pustjens [37–39]. GMCSF levels showed a negative correlation with VAS 
pain and were “consistently associated” (two studies: Pustjens and van 
Helvoort) [39,40]. Depending on the gender of the included patients, 
Shibata found different results between IL24 and OA-related pain 
(consistently associated and not associated, respectively, in women and 
men). Tsuchiya concluded that CD39+CD55− fibroblast-like cells were 
“consistently associated” with pain in 25 patients [41,42].

One study on the infrapatellar fat pad found that the levels of CD4+

cells, mast cells, CD8+ cells, and macrophages were “consistently not 
associated” with VAS pain (Klein-Wieringa) [36].

Similarly, an analysis of the acetabular labrum analysis by Sato et al., 
showed that VEGF and NGF were “consistently not associated” with VAS pain 
[43].

In the muscle tissue, levels of MCP-1 and atrogin-1 were found to be 
“uncertainly associated” with VAS pain (Levinger) [44].

Twenty-one studies assessed the genetic association of the SNPs with 
OA-related pain. For example, Abd Elazeem et al. reported a possible 
genetic association between GDF5 (+104T/C) single nuclear poly
morphism and the severity (radiographic and pain) of Knee OA [45]. 
Schutte suggested the involvement of four genes (EDNRA, COMT, 

Table 1 
Association between pain and blood biomarkers.

Association with pain

Consistently not associated Uncertainly not associated Uncertainly associated Consistently 
associated

Blood biomarkers ApoA1; ApoB; ARGS; b-endorphin; C1,2C; 
C2C; C10C; C3-α; C3f; calprotectin; Cath-K; 
CD14; CIR; classical monocyte CCR2; Coll 
2-1; Coll2-1 NO2; cortisone; CPII; 
creatinine; CS846; CTX-I; CU/Zn SOD; 
CX3CL1; FABP2; Fib 3-2; GDNF; GM-CSF; 
HDL cholesterol; IGF-I; IL1-R; IL2; IL4-R; 
IL7; Int monocyte HLA-DR; LPS; MIF; 
MMP1; MMP13; MnSOD; Monocyte CD16; 
MUFA; myoglobin; NO; NTXI; omega3 
PUFA; omega6 PUFA; omentin; PIIANP; 
PINP; PRO-C1; PRO-C2; PRO-C3; PRO-C4; 
resistin; S100A8/S100A9; SFA; TIMP; 
TGFbeta; Total FA; Total PUFA; visfatin; 
YKL-40 ; ZRP

Adiponectin; Adipsin; BDNF; C1M; C2M; 
C3M; chemerin; clusterin; COMP; cortisol; 
CRPM; CTX-II; ESR; FBG; HA; HbA1C; 
hTG; IL1; IL6; IL6-R; IL8; leptin; MCP1; 
MMP3; OC total; PIIINP; TNF alpha; uric 
acid; vitamin D

Positive association
13KODE; Acyl ornithine; Angiopoietin-2; 
ASAT; BMP2; B-GNLY; C3A; C4M; 
Carnosine; CGRP; CPK; CRP; Dopa; 
Dopamine-Ig; FGF-21; Fib 3-1; Fib 3-3; 
galectin3; ghrelin; hsCRP; IL2-R; IL15; 
IL17; IL23; IL25; IL38; Int monocyte CCR2; 
Insulin resistance; LBP; LC3A; LDH; LDL 
cholesterol; L/A or A/L; LTα; mTOR; 
osteopontin; PEA; PGE2; succinic acid; 
TNFalpha-R1; TNFalpha-R2; Treg; VEGF

Total cholesterol

Negative association
C3-β; CCL2; CXCL9; CXCL10; Cystine; 
GLCAS; ICAM-1; IL4; IL5; IL10; IL12; IL13; 
IL21; IL22; INFgamma; IP10; miR300; 
PIICP; PDGF; T2GM

Signification of the biomarkers is in Table S2.
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BDRKB1, and IL1B) in various pain components in 74 persons with knee 
OA [46].

3.5. Relationship between OA-related pain and biomarkers depending the 
type of pain measures

PRO measures were used in most pain assessments (97.0 %: 255/263 
studies). In five studies, PPT was the only measure used to evaluate the 
association between OA pain and the fluid (N = 3: Ahn, Bjurstr€om and 
Puts) or the genetic biomarkers (N = 2: Ho and Liu). The relationship 
between OA-related pain and 16 biomarkers was assessed using both 
PRO and PPT measures (Table S5). The only biomarker for which the 
results of the association with OA pain differed depending on whether 
the PPT or PRO was considered was Flt-1 in CSF, which was “consis
tently” associated with PPT and “uncertainly” associated with VAS. 
Table S5 shows the relationship between biomarkers and the different 
pain measures. No biomarker was associated with all the pain outcome 
measures. However, some differences can be seen. For example, vitamin 
D was consistently associated with the WOMAC index but not with the 
VAS scale.

4. Discussion

This study aimed to provide a comprehensive overview of the 
available evidence on OA-related pain biomarkers using a well- 
established methodology. We identified total blood cholesterol as the 
only blood biomarker with a consistent association with OA pain, as 
evidenced by multiple studies. CRP, VEGF and IL-17 were classified as 
“uncertainly associated”, and while their associations were observed in 
more than one study, the correlation strengths were weak (e.g., r ~ 0.2) 
and the findings were not fully consistent. These findings highlight 
systemic low-grade inflammation as a key feature of OA and may explain 
the limited but observed effects of NSAIDs or intra-articular steroid in
jections in alleviating OA pain [48–52].

The consistent association between pain and total blood cholesterol, 
along with the uncertain associations with other metabolic or inflam
matory markers, may reflect the influence of obesity-related processes in 
OA. The occurrence of metabolic syndrome in hand OA patients was 
associated with higher pain intensity [53]. However, in our study, the 
parameters of metabolic syndrome (triglycerides, HDL cholesterol and 

fasting blood glucose) were not associated with pain. The relationship 
between metabolic profile and OA pain may be more linked to inflam
mation than to metabolic syndrome. Obesity is characterised by a 
chronic low-grade inflammatory state [47] and many biomarkers cat
egorised as either metabolic (e.g., cholesterol, insulin resistance) or in
flammatory (e.g., CRP, leptin, adiponectin) may reflect overlapping 
pathophysiological pathways linked to adiposity [54,55]. Furthermore, 
there is a link between systemic inflammation and dyslipidaemia [56]. 
Therefore, the association between total cholesterol and OA pain may be 
more related to low-grade inflammation. However, it is difficult to draw 
strong conclusions due to the intricate relationship between all these 
parameters, and it is therefore plausible that some findings were 
partially or entirely confounded by obesity.

Blood TNF, IL6 or IL1 were found “uncertainly” not associated with 
OA pain, but blood IL17 was. These results illustrate the complexity of 
inflammatory network of cytokines: not all of them are associated at 
similar levels in OA-related pain. This complexity may explain why 
therapies that target these cytokines have achieved limited success in 
treating OA pain. Blocking TNF, IL1b, or IL6 did not provide efficacy 
over placebo in randomized controlled trial, although some improve
ment in structural and in systemic inflammation have been reported 
[57–59]. There does not seem to be a unique inflammatory process in 
OA but different types of inflammation at different tissue: systemic 
inflammation mediated by some cytokines, especially IL17, but also 
adipose inflammation [47]. Moreover, inconsistencies in the biological 
matrix (serum vs. plasma) used across studies may partly explain vari
ability in biomarker levels and their associations with pain, under
scoring the need for matrix-specific standardization in future research.

Our systematic review highlighted a consistent association between 
IL-17 levels in SF and OA-related pain, while its association in blood 
remains uncertain. IL17 is expressed at higher levels in inflamed OA 
synovium [60,61] and circulating IL17 levels play an important role in 
the pathogenesis and progression of inflammatory arthritis. Blocking 
IL17 with secukinumab or ixekizumab effective decreased systemic 
inflammation, synovitis, and the arthritis-related pain in spondyloar
thropathies [62–64]. IL17 serum levels significantly correlates with 
cartilage defects, bone marrow lesions, and severity of OA in patients 
with knee osteoarthritis [65]. Thus, blocking IL17 in OA patients, such 
as in spondyloarthropathies, might decrease disease-associated inflam
mation and maybe also OA-related pain. However, until now no data 

Table 2 
Association between pain and urinary, SF and CSF biomarkers.

Association with pain

Consistently not associated Uncertainly not associated Uncertainly associated Consistently associated

Urinary biomarkers C1,2C; CIIM; Coll2-1 NO2; COMP; 
creatinine; CTX-I; NTXI

C2C; CTX-II Positive association
Glc-Gal-PYD; TNFα
Negative association

Synovial fluid 
biomarkers

ACRP-30; ADAMTS5; BDNF; 
BDNF/LNGFR; BK; C1M; C2M; C3- 
α; C3M; C10C; chemerin; COMP; 
CTX-I; CTX-II; IGF-1; IL1-R; IL23; 
LPS; lubricin; MCSF; MMP1 ; 
MMP2; MMP8; NGF/LNGFR; NT- 
3; NT-3/LNGFR; osteoprotegerin; 
proNGF; proNGF/LNGFR ; RANK; 
RANKL/OPG; resistin; SP; TIMP; 
Treg; TrkA ; uric acid

Adiponectin; Adiponectin/leptin; 
ARGS; CGRP; HA; IL6; IL1; IL10; 
LBP; leptin/adiponectin; MMP3; 
NGF; NPY; omentin; osteopontin; 
PGE2; visfatin

Positive association
ATP; BMP2 ; bNGF; calprotectin; CCL20; 
CD163; CHOP; CIR; CPII; hsCRP; DKK1; 
eotaxin-I; GRP78; HMGB1; ICAM1; IL4; 
IL7; IL8; IL12; IL13; IFNgamma; leptin; 
LNGFR; MCP1; MDA; MIF; MMP9; 
MMP13; MMP14; NO; NGF/TrKA; uPA; 
SCGF-beta; TIMP-1; TNF alpha; VCAM-1; 
YKL-40

IL17; C2C; VEGF

Negative association
C3-β; CD11c/CD206 ratio; GAG; ghrelin; 
hexadecenoic acid; PACAP; SOD; TAC; 
TSG-6

CSF biomarkers BDNF; GNDF; ICAM-1; IL1; IL10; 
IL15; Leptin; MCP1; PIGF; VCAM- 
1; TNFalpha; TNFalpha-R1

IL6; IL8; IP-10 ; TGFbeta; VEGF Positive association
Aβ40; IL6-R; SPLI ; TNFalpha-R2
Negative association
CSF-1; HGF; IL1-R; LIF-R; SCF; VEGFA; 
TWEAK

CX3CL1; Flt-1

Signification of the biomarkers is in Table S2.
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about the efficacy of IL17 targeted therapies in OA or upcoming studies 
are available.

Increased VEGF levels are associated with OA progression. VEGF is 
involved in OA specific pathologies including cartilage degeneration, 
osteophyte formation, subchondral bone cysts and sclerosis, synovitis, 
and pain [66]. VEGF stimulates angiogenesis and vasodilation which has 
been attributed to OA progression. Furthermore, angiogenesis and 
inflammation are partly associated through VEGF, and VEGF has been 
associated with pain and sensitizes sensory neurons [67]. Inhibition of 
VEGF decreases OA progression and pain in animals models [68,69]. 
CSF Flt-1 consistently associated with pain in OA with a negative asso
ciation. Flt-1 is a soluble splice variant of VEGFR-1 that acts as a VEGF 
decoy receptor. Flt-1 reduced OA and rheumatoid arthritis progression 
in animal models [70,71]. CX3CL1 (fractalkin) is a chemokine that is 
involved in T-cell recruitment in inflammation, e.g. to solid tumours 
[72]. CX3CL1 in CSF was consistently associated with lower knee pain 
intensity and milder symptoms [73]. These examples perfectly illustrate 

the need for identification of biomarkers associated with pain for 
identifying potential clinical value in treating pain.

Synovial NGF “uncertainly associated” with OA pain, potentially 
explain the observed pain improvement with NGF inhibitors (tanezumab) 
in OA [74,75]. Unfortunately, this treatment faced significant side effects 
that limited its application [76,77]. Similarly, blood CGRP was “uncer
tainly associated” with pain with a positive association. CGRP is a neuro
peptide involved in neuronal pathways, crucial in nociception transmission 
and a potent vasodilator [78]. Its well-documented role in migraine path
ophysiology where monoclonal anti-CGRP antibodies effectively prevent 
migraine [79] suggest a broader potential in treating in other peripheral 
pain types, including OA [80]. Notably, elevated serum CGRP levels have 
been documented in patient painful peripheral neuropathy [81]. Further 
exploration of the CGRP levels in OA patients could reveal its role in OA and 
inform trial assessing anti-CGRP treatment for OA pain.

C2C, a cartilage degradation biomarker was found “consistently 
associated” with OA pain with a positive association, when analysed in 

Fig. 2. Dot plot map representing the association 
between the most studied circulating biomarkers 
and OA pain according to the categorization of 
biomarkers. Biomarkers associations are described 
in blood, SF, CSF and urine. Biomarkers consis
tently associated are represented in green, uncer
tainly associated in yellow, uncertainly not 
associated in orange and not associated in red. The 
size of each dot is proportional to the number of 
studies. Note: Only biomarkers evaluated in at 
least three studies were included in this figure. The 
classification as “consistently associated” reflects 
consistent findings across studies, but not neces
sarily strong statistical associations, which remain 
weak in many cases. (For interpretation of the 
references to colour in this figure legend, the 
reader is referred to the Web version of this 
article.)
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SF. However, C2C was not associated with pain in blood or urine, like 
the other cartilage degradation biomarkers (C1,2C; ADAMTS5, COMP), 
except for Fib 3-1 and 3-3 that were “uncertainly associated” in one 
study with 241 OA patients [82]. While bone and cartilage metabolism 
biomarkers generally lack strong associations with pain, several muscle 
metabolism indicators, including LDH and CPK, were “uncertainly 
associated” with pain. This highlights the importance of physical ac
tivity and sarcopenia prevention to decrease OA pain, as sarcopenia 
inversely associated with serum CPK levels based on a study with 1425 
patients with knee or hip OA [83] and sarcopenia associated with higher 
prevalence of knee OA and pain group [84].

While certain synovial tissue or muscle tissue biomarkers were 
“consistently associated” with pain, we did not include them in the main 
results because they cannot be routinely and easily measured due to the 
invasive nature of the procedure to obtain the tissue (synovial biopsy or 
muscle biopsy). Although 12 studies have investigated genetic associa
tions (e.g., SNPs) with OA-related pain, no consistent or replicated 
findings have emerged. These data have been included to reflect the 
broader biomarker landscape, but their role remains exploratory and no 
genetic variant can currently be considered a reliable OA-related pain 
biomarker. Future studies involving larger cohorts and functional vali
dation are needed to determine their relevance. The association between 
genes and pain deserves to be further studied in OA patients to aid in 
developing targeted pain therapies, with recent studies linking genes 
like CHRFAM7A as novel genetic risk factor and therapeutic target for 
pain [85].

Our systematic review was not designed to assess the relation be
tween the microbiome and OA-pain. Nevertheless, a few studies re
ported the potential role of the gut microbiome in OA-related pain [86], 
although it has been hypothesized that patients with OA-related pain 
exhibit an imbalance of the gut microbiota associated with pain in
tensity [87]. The abundance of Streptococcus sp. is associated with 
increased knee pain in the Rotterdam study, a large cohort of knee OA 
patients [88]. Given te relative unexplored role of microbiome, stool 
collection and microbiota analysis can also be part of multiomics anal
ysis of OA pain.

Conclusions and treatments of chronic rheumatic diseases cannot be 
transposed in OA. It is therefore important to properly characterize pain 
mechanisms in OA patients by performing a multiomic analysis of bio
markers in blood, in SF, in synovial tissue, CSF and also in stool. A 
collaboration between European League Against Rheumatism and 
OMERACT working groups developed a consensual set of items for the 
analysis of synovial biopsies in clinical practice and translational 
research [89]. As our studies progress, a coordinated multiomic 
approach remains vital. To illustrate the idea of promoting and advo
cating a multiomic analysis to characterize OA pain, a cellular study was 
recently presented at the 2024 European League Against Rheumatism 
congress [90]. This study aimed to investigate whether and how Upa
dacitinib may affect pain-related and neuroinflammation-related mole
cules expression in monocyte-derived microglia, specifically regarding 
brain-derived neurotrophic factor.

Our study has some limitations. First, we would have liked to give a 
single result by doing a meta-analysis of the different included studies, 
which would have been more readable and more relevant for each 
biomarker. Our study’s design precluded a meta-analysis due to study 
heterogeneity, encompassing varied OA locations, pain assessments, and 
biomarker methodologies. Instead, we focused on a consistent classifi
cation system, categorizing biomarkers based on study count, sample 
size, and correlation strength. Despite these efforts, some categoriza
tions remain open to interpretation, particularly with limited study 
numbers, as seen with IL17. Further studies will be welcome to increase 
the number of OA patients evaluated and the statistical power of the 
association. The method we chose to categorise each biomarker 
depended on our criteria, the number of studies and the sample size of 
patients within each study. The strength of the correlation is open to 
debate. Each biomarker classification was arbitrary, with some critical 

points, such as whether or not to consider adjustment. However, we 
attempted to mitigate this limitation by performing a classification of 
each biomarker discussed by all investigators and validated by 
consensus. It is plausible that some observed associations and findings 
are partially or entirely confounded by obesity or other parameters. 
Although a few of the included studies adjusted for BMI or other cova
riates such as age and physical activity, this was not uniformly reported, 
and our review was unable to account for these adjustments in the 
categorization of associations. This heterogeneity limits the strength of 
our conclusions. Future studies should systematically adjust for such 
confounders to better disentangle independent biomarker-pain re
lationships and identify specific mechanistic pathways in OA-related 
pain.

In conclusion, despite considerable effort has been devoted to iden
tifying biological biomarkers of OA-related pain, none were found. The 
biomarkers of inflammation CRP and IL-17 levels showed the most 
promise, but further investigation is required. However, our study 
revealed that pain is often inadequately described in OA studies. The 
scientific community must conduct more detailed research on the rela
tionship between different types of pain and biomarkers. The next steps 
in characterising OA-related pain and finding efficient treatments 
require OA biomarker studies to adopt a more standardised and objec
tive approach to pain characterisation. This would involve multiomic 
assessment and further analysis of stool and synovial tissue specimens.
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