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Objective: To summarise important findings from biomarker studies relevant to 

osteoarthritis (OA), published between April 2016 and March 2017; to consider these 

findings in the context of new discoveries and technologies, and clinical and scientific need 

in OA. 

Design: Studies were selected by PubMed search, conducted between 01/04/2016-

01/03/2017. MeSH terms [biomarker] AND [osteoarthritis] were used; the search was 

restricted to Human, English language and Full Text Available publications, which yielded 50 

eligible publications. Any biomarker was considered, including non-proteins and other 

clinical measurements.  

Results: 3 main areas are overviewed: 1) Studies examining qualified biomarkers, in the 

FNIH OA Biomarkers Consortium and elsewhere, particularly their ongoing application and 

validation. Control reference intervals, work on predictive validity and other longitudinal 

studies examining prognostic value of biomarkers in large cohorts are reviewed. 2) Novel 

studies relating to biomarkers of inflammation are discussed, including complement, the 

performance of markers of so-called ‘cold inflammation’ and results from clinical trials 

including biomarkers. 3) Discovery studies, including whole blood RNA, proteomics and 

metabolomics are reviewed, with an emphasis on new technologies. 

Conclusions: Discovery, characterisation and qualification of various biomarkers is ongoing; 

several novel protein and non-protein candidate biomarkers have been reported this year. 

Biomarkers provide us with an opportunity to better diagnose and stratify the disease, via 

established panels or new discovery approaches. Improving quality of sampling and testing, 

and measuring large numbers of markers simultaneously in large cohorts would seem likely 

to identify new clinically applicable biomarkers, which are still much needed in this disease. 
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Introduction 

Why do we need a biomarker for osteoarthritis (OA)? There are many answers to this, but 

probably the most pressing needs are to reliably identify early disease, to stratify those at 

risk of progression, to enable new interventions(1-3). A biomarker, or biological marker is 

“any substance, structure, or process that can be measured in the body or its products and 

influences or predicts the incidence or outcome of disease” (WHO)(4). Ultimately, a 

biomarker is a medical sign: “an objective indication of medical state observed from outside 

the patient, which can be measured accurately and reproducibly.” This explains the absolute 

point of a biomarker: there must be clinical meaning, to health, or to disease, either alone, 

or when combined with other biomarkers or clinical factors. Some biomarkers could even 

act as much-needed surrogate clinical endpoints, but in OA we still seem some way from 

this point(5). 

The focus of this review is on published peer-reviewed reports in the past year relating to 

‘wet’ biomarkers (imaging and genetic biomarkers are covered separately). Wet biomarkers 

for OA can be measured in any accessible samples: synovial fluid (SF), blood, urine or 

connective tissues(6).  

There is a well-described biomarker pipeline from discovery to the clinic(7). For any 

biomarker, a number of measurement characteristics are important, and essential to assess 

from the outset. Specificity to target (for example, does an assay for FGF-1 also detect FGF-

18?); specificity for disease or outcome (for example, as a diagnostic marker); its sensitivity, 

precision and reliability. Often we focus on the reliability of an assay’s performance, but of 

course variation within individuals over time may be another source of variability which may 
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only be detected late in the qualification process. In this review, biomarkers at all stages of 

the pipeline have been included. 

Methods 

Studies were identified by a PubMed search between 01/04/2016-01/03/2017 (included if 

they were e-published by 01/03/2017, and visible on PubMed by that date). MeSH terms 

[biomarker] AND [osteoarthritis] were used. Restrictions were to Human; English language; 

Full Text Available; excluding Reviews. This yielded 79 publications whose abstracts were 

then manually screened. 50 reports of proteins, non-proteins and other clinical 

measurements which could represent novel biomarkers were eligible for inclusion. All 50 

identified manuscripts have been referenced in what is a narrative review, but increased 

emphasis put on studies fulfilling one or more of 3 criteria: quality (size, design, analysis, 

subsequent publication impact), clinical relevance (to OA diagnosis, or prognosis, or those in 

at risk groups) and novelty. 

Results 

1. Progress in Qualified OA biomarkers 

In February 2012, the FNIH and OARSI launched its biomarkers consortium, to test 

associations of 12 selected biochemical markers with clinical outcome. Focussed on bone 

and cartilage turnover in serum and urine, these fulfilled BIPEDS criteria for highly validated 

biomarkers(1). Assays were by LabCorp, a CLIA-certified laboratory. In this important 

methodological paper, marker reference intervals from 129 ‘multi-joint’ controls (no 

symptomatic or radiographic OA in hand, hip, knee or spine, over time from the Johnson 
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County cohort) are published(8). Control samples are usually in low numbers or not selected 

under stringent conditions, risking contamination bias (given OA is common and sometimes 

asymptomatic). Certain biomarkers needed separate reference intervals based on age, race 

or gender. Race and physical activity were also identified as confounders for adipokine and 

insulin levels(9) and for other inflammatory markers respectively(10). Such factors must be 

considered when collecting and analysing cohort and control biosamples. 

An augmented 18 biomarker panel was examined by the consortium for its ability (both 

individually, and in combination) to predict knee OA progression at 48 months in the 

Osteoarthritis Initiative (OAI) cohort(11). 194 progressors were defined (by pain and joint 

space narrowing [JSN]). The 406 non-progressors had not progressed on both measures. 

Time integrated concentrations (TICs) were expressed, which essentially show each 

biomarker’s concentration over time (24 months). Z scores enabled comparison of the 

relative effects of different biomarkers. In the primary analysis, the 24 month TIC of 8 

biomarkers significantly predicted case status at 4 years on univariable analysis; of these 

urinary (u)C-terminal cross-linked Telopeptide of type II collagen (uCTX-II) showed the 

strongest association (OR 1.37). This association for uCTX-II held versus ‘pure’ (neither pain, 

nor JSN) non-progressors (OR 1.72[1.36,2.18]). The most predictive, ‘frugal’ combination 

model was 24 month TIC for 3 biomarkers: uCTX-II, serum (s)hyaluronan (sHA) and sN-

telopeptide of type I collagen (sNTX-I). Adjusted for 7 covariates, this gave an Area Under 

the [Receiver Operating] Curve (AU[RO]C) 0.667 (AUC>0.7 being desirable, and achievable 

with other clinical predictors(12)).  

Collagen degradation also predicted progression in other studies: cross-sectionally, higher 

levels of serum collagen type II cleavage neoepitope (C2C) were seen in individuals with 
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established radiographic OA compared with pre-radiographic, MR-evident OA(13). However, 

only baseline uC2C measured using the newer version Human Urine Sandwich Assay (HUSA) 

was associated with an increased risk of progression of cartilage damage over 3 years 

(adjusted OR 1.78[1.03,3.09]). 

Specific bone biomarkers (sCTX-I,sNTX-I,uNTX-I,uCTX-II,uCTX-Iα/β) were tested by the 

consortium in 600 OAI participants’ serum and urine for associations with bony features on 

imaging, at baseline and over 24 months(14). Most markers were associated with baseline 

bone marrow lesions (BMLs); uCTX-II was also associated with large osteophytes (OR 

1.39[1.10,1.77]) and bone shape. However, biomarkers were not predictive of changes in 

BMLs or osteophytes over 24 months, and uCTX-II showed only modest association with 

bone shape changes, suggesting limited utility here.  

4 biomarkers were studied in 1335 Rotterdam cohort participants’ serum at baseline: 

COMP, C-Reactive Protein (CRP), matrix metalloproteinase-dependent degradation of CRP 

(CRPM) and type I collagen turnover in connective tissue (C1M), plus uCTX-II(15). Cases of 

hip or knee OA were defined by pain and radiographic data at baseline and 5 years. Incident 

OA was found in 88/955 cases, associated with sCRP, sCOMP and uCTX-II. In the 170/1125 

who progressed, there was no association with C1M, but positive associations with uCTX-II, 

sCRPM (independent of others), sCRP (OR1.3,P=0.01) and sCOMP. However, after adjusting 

for predefined covariates (age, sex, Body Mass Index [BMI], joint pain and baseline Kellgren-

Lawrence [KL] grade), it became clear that these clinical covariates alone were the main 

explanatory variables (AUC of 0.68) with only marginal improvement after addition of 

selected biomarkers to the model.  



7 
 

2. Biomarkers of Inflammation 

Synovial inflammation sCOMP and sCRPM are thought to be measures of synovial 

inflammation(15). The cell population is heterogeneous in OA synovium; 

CD68+macrophages are maximal in the lining layer but decline less throughout the depth of 

the tissue in OA than in rheumatoid arthritis (RA)(16). Macrophages, T cells and mast cells 

were the most abundant: the number of synovial CD4+ T cells was associated with severity 

of knee pain(17). 

CC chemokines are important for macrophage recruitment and are up-regulated after joint 

injury and in OA in both mouse(18) and human studies(19, 20). CCR2 ligands (CCL2/MCP-

1,CCL7,CCL8) but not CCR5 ligands were found to be upregulated in SF from human OA and 

post-traumatic knees(21). CCR2-expressing cells were increased in OA synovium, and CCR-2 

expressing macrophages visualised by immunofluorescence at sites of damage, further 

implicating this pathway. 

Tumour Necrosis Factor (TNFα) is known to be produced by RA synovium, and is persistently 

elevated after knee joint injury(22). An interesting multi-disciplinary study in a cohort with 

no knee pain found that Pre-OA cases defined on MR criteria(23) had biomechanical gait 

differences to controls, and also had a statistically significant difference in sTNFα(24).  

Biomarkers of ‘cold inflammation’ ‘Cold inflammation’ or ‘meta-inflammation’ is a term 

coined to describe low grade inflammation associated with the metabolic syndrome, either 

systemically or within tissues, which lacks the features of classical inflammation(25). 

Circulating molecules associated with systemic low grade inflammation have been further 
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investigated for their effects on OA pathogenesis(26). sIL-6 was again found to be associated 

with radiological severity of disease, but also IL-4(27).  

Strong associations between C-reactive protein (CRP) and incidence and progression of OA 

were reported (15), but a recent metaanalysis found no association between CRP and OA 

structural progression, only symptoms(28). A possible reason for this discrepancy was 

highlighted by a cross-sectional study recording all joint burden in 204 patients scheduled 

for total hip or knee replacement(29). When adjusting for other important covariates (BMI, 

age, comorbidity), a paradoxical association was described with increasing sCRP associated 

with increasing painful joint count in females but reducing painful joint count in males . The 

effects of gender and hormones on biomarkers but also biological pathways including 

immune function should be carefully considered(8). 

Uric acid is a circulating waste product which can cause systemic and joint-based 

inflammation via inflammasome activation(30, 31). 88 individuals with medial knee OA, 

BMI<33 and no gout(32) had baseline serum uric acid (sUA) and semi-flexed knee 

radiographs at 0 and 24 months. A subgroup also had baseline contrast-enhanced MRI knee 

synovial volume (SV) assessment. Whether unadjusted, or adjusted (age, gender and BMI), 

sUA was associated with moderate or fast progression of JSN in this cohort, and also highly 

correlated with SV. There was a ‘step’ effect, with the highest 2 quartiles of sUA driving this 

association. Findings in previous studies regarding the association of uric acid and OA 

progression have been conflicting; one cross-sectional study of over 4000 individuals 

showing an association between osteophytes and hyperuricemia, but interestingly only in 

women(33).  
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Circulating lipopolysaccharide (LPS), associated with ‘leaky bowel’, may contribute to low 

grade systemic inflammation via activation of toll-like signalling: it has been associated with 

a number of other chronic conditions including atherosclerosis and diabetes(34). 

Measurement of LPS in biosamples is challenging, given its naturally-occurring inhibitors 

plus potential for contamination. Using samples of human SF and serum, and samples from 

the Etarfolatide cohort (which included radiographs and location of activated macrophages 

within the joint), assays for LPS and LPS binding protein (LBP) were optimized(35). SF-LPS 

and SF-LBP were associated with JSN and self-reported knee pain respectively, and both 

associated with activated synovial macrophage abundance. sLPS and sLBP were also 

associated with osteophyte severity. Replication of these findings will be important. 

Reports suggest immunoregulatory dysfunction in OA: peripheral blood follicular helper T 

cells and IL-9-producing ‘T helper 9’ cells were described by the same group to be elevated 

in OA compared with healthy controls, and their levels found to positively correlate with 

CRP and WOMAC scores(36, 37). Increased frequencies of CD4+CD25+Foxp3+ regulatory T 

cells (Tregs) were found in OA patients independent of obesity; however lower IL-10 

secretion and Tim-3 expression was seen in OA Tregs than in healthy controls(38). 

Can simple haematological metrics represent systemic inflammatory load? In other settings 

measures such as a raised neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio 

(PLR) and mean platelet volume (MPV) have been associated with low grade inflammation, 

and other chronic inflammatory conditions such as RA. In a cross sectional study of 237 

patients with hip OA, MPV had an OR of 2.39 for predicting radiographic severity (adj.OR 

2.32[1.66,3.25])(39). The association with MPV was greater than for any other factors 

including age (PLR and ESR were also associated). In another study of 195 patients with knee 
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OA by the same authors, blood NLR levels were elevated in the severe knee OA group 

compared with the mild to moderate knee OA group(40). In AUC analysis, a blood NLR≥2.1 

gave 50% sensitivity, 77% specificity in predicting severe knee OA. In multivariate analysis, 

age and blood NLR≥2.1 emerged as independent predictors of severe knee OA. However 

neither study independently verified these observations or tested them longitudinally.  

Clinical trials and inflammation Biomarker responsiveness to experimental treatments is of 

great interest. Latterman and colleagues report on a small double-blind, placebo-controlled 

RCT randomizing those with acute anterior cruciate ligament (ACL) tear to 1 of 4 groups (3 

groups including intra-articular steroid after injury, 1 group receiving saline injections 

only)(41). 11 predominantly inflammatory biomarkers were monitored in SF at 3 times after 

injury, up to a mean of 37 days after injury. CTX-II, COMP and MMP-1 were significantly 

different between steroid-treated groups and placebo. For example, CTX-II increased over 

time with placebo, but this increase was suppressed in all steroid-containing treatment 

arms. There was a trend towards improved knee pain and function for treatment groups 

compared with placebo; longer term outcomes following surgery are not yet known. 

Other investigators defined complex algorithms of mainly qualified biomarkers to attempt 

to predict cases of progression to knee arthroplasty following anti-NGF in the context of 

concurrent NSAIDs(42). NSAIDs reduced inflammatory markers such as IL-6 and increased 

bone remodelling markers (CTX-I,OC,DKK1). These were important in the model, lending 

support to the hypothesis that the joint safety issues may in part be mediated by effects of 

NSAIDs on bone turnover and fracture healing. Whether use of other clinical or radiographic 

factors can be as predictive as this biomarker algorithm, or can be used in combination 

should be tested in independent studies.  
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Hand OA remains relatively under-investigated compared with large joint counterparts. 

DORA (anti-TNF for hand OA) did not reach its primary outcome, but showed some evidence 

of effect on post-hoc analysis. This was a cross-sectional biomarker sub-study in a low 

number of patients(18), but studying 144 joints. sIL-1 was associated with self-reported loss 

of hand function and radiological erosions(43). MRI osteophytes were associated with sCRP 

(P=0.0026).  

Joint Injury and inflammation Joint injury is one of the strongest risk factors for OA and 

studies in this area are highly important to those studying disease pathogenesis and 

prognostic biomarkers(20, 22, 44). In an established cohort with 16 years’ radiographic data 

after ACL or meniscal tear, 4 markers (aggrecan,COMP,MMP-3,TIMP-1) failed to predict 

outcome(45). How similar or different ‘post-traumatic’ OA is to ‘usual’ OA is much debated. 

It is interesting that many molecular changes after acute meniscal tear OA (MMPs,COMP,IL-

6,IL-8,TNF) are also be seen after likely degenerative meniscal tear, a lesion often present in 

those with early OA(44). Greater SF-MMP-10 was seen in the presence of a complex 

meniscal tear. SF-ghrelin, thought to be an anti-inflammatory growth factor, was inversely 

correlated with the extent of meniscal and cartilage injury, and with other SF biomarkers 

such as IL-6. Higher Ghrelin was cross-sectionally associated with improved patient reported 

outcomes(46). In the last 2 years, several authors have now highlighted the apparent 

increased utility of SF biomarkers over serum in this setting(20, 22, 44). 

Joint injury provides an experimental window on the initiating disease processes in humans, 

which can be supported by studies in analogous mouse models of post-traumatic OA. One 

important question for human biomarker research is how much of the murine response is 

also relevant to man? Following previous pre-clinical studies, evidence is also provided for 
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activation of the complement system in the human joint after injury and in OA: levels of 

components including C4d and C3bBbP were elevated in SF after knee injury, the former 

persisting for several years(47, 48). Complement levels after injury correlate with other 

classical inflammatory response proteins such as SF-TNFα. We found that of 7 inflammatory 

response genes previously shown to be strongly upregulated within hours of mouse knee 

injury, 6 of 7 were also substantially and significantly upregulated at the protein level in SF 

following human acute knee joint injury(20). This inflammatory gene response, best 

represented by SF-IL-6, was significantly associated with the Patient Reported Outcome 

KOOS-4 at the time of injury (a higher IL-6 associated with worse symptoms and pain). 

However, a greater IL-6 response at baseline did not appear to predict worse outcome at 3 

months. 

Other candidate associations Ghrelin is a newly described molecule, reported for the first 

time in OA, as is adrenomedullin(49). Other cross-sectional studies reporting associations 

between immunohistochemical, imaging or clinical OA data and candidate biomarkers 

include those relating to osteopontin and Wnt5A(50); hypoxia inducible factor 1(51); the 

BMP antagonist, Gremlin-1(52, 53); sclerostin(54); resistin/IL-17(55); macrophage migration 

inhibitory factor(56) and Apoptosis Signal-Regulating Kinase 1(57). 

Other studies sought to distinguish OA from PsA, which can be a clinical diagnostic dilemma. 

SF-CXCL10, IL-17A, and IFNγ e were all elevated in those with PsA and RA, but not in OA and 

gout, suggesting a possible diagnostic opportunity(58). 

Measurement of SF physical properties could act as a novel biomarker: hyaluronan showed 

a slower diffusion rate in SF from healthy knees than from joints with chondral damage, by 
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single molecule microscopy. Only a few microliters of SF are needed, although sensitivity 

and specificity of this method to detect earlier disease needs be tested(59).  

3. OA Biomarker Discovery 

Transcriptomics of whole blood Gene expression profiling (GEP) of blood has already been 

described as having utility in OA(60). This is a potentially important novel source of 

biomarkers compared with traditional protein measurement in serum or plasma. The same 

group have investigated whether MRI-graded effusion in knee OA was associated with blood 

GEP, cross-sectionally in 2 large cohorts (Rotterdam, GARP) measuring GEP in RNA extracted 

from whole blood, or from PBMCs respectively(61). This was a meta-analysis with 

adjustment for confounders. Using pathway analysis including STRING, 178 recognised 

unique genes were described. Pathways strongly represented included Response to stress 

(45 genes,P=3.44E-02) and Antigen processing/Presentation of exogenous antigens (10 

genes,P=3.44E-02). Genes identified included NFATc1, known to be important during the 

adaptive immune response; and Clorf38, present in monocytes, dendritic, NK, T and cells. It 

is not clear if these measurements are just a surrogate for effusion itself (as there is 

correlation with this), or could act as an independent predictor of inflammation.  

Proteomics Via mass spectrometry (MS), urinary peptides were sought which acted as 

diagnostic biomarkers for 3 common joint conditions (RA, Psoriatic arthritis [PsA], OA) with 

healthy and inflammatory bowel disease control groups(62). There were relatively low 

numbers (33 in each training group, 85 for validation). ROC curves using 45 biomarkers per 

classifier were developed, then tested blind in the validation set. In OA, there was an AUC of 

0.9; reduced urinary collagen alpha-1 chain fragments were seen. However, these were 
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individuals with advanced OA: how this finding holds in larger numbers and in earlier stages 

of OA, where the diagnostic challenge is greater, will be important. A further discovery 

study using gold-nanoparticle-based MALDI profiling of urine from those with knee OA has 

also been reported(63). 

Multiple Reaction Monitoring (MRM) targeted 14 candidate proteins from Fernandez 

Puente and colleagues’ previous studies(64, 65). MRM is a quantitative proteomic approach, 

comparing with co-elution of a known isotope-labelled peptide. Following optimisation, 35 

peptides representing these proteins were selected. The validation study was carried out in 

5 different sample types, including chondrocytes, tissue, synovial fluid and serum (tackling 

some of the challenges of investigating certain targets or matrices by immunoassay). The 

candidates haptoglobin, von Willebrand Factor (vWF) and Serum Amyloid P were verified by 

MRM to be significantly upregulated in 116 OA sera versus controls. Elevation of vWF was 

also confirmed by bead immunoassay in 38 independent sera.  

Proteins damaged by oxidation, nitration and glycation undergo proteolysis to release 

modified amino acid ‘free adducts’. OA cases comprised 2 of the 6 subgroups (also including 

inflammatory arthritis) of 225 individuals(66). A particular strength was inclusion of early OA 

(eOA), classified as knee pain, normal X-ray, and arthroscopic Outerbridge cartilage scoring 

I-II. SF and plasma/serum were analysed using tandem MS with MRM. A 2-stage machine 

learning approach compared healthy controls to early stage arthritis, and then compared 

between the 6 disease groups. Unlike traditional proteomics, equilibrium between SF and 

plasma free adducts meant plasma could be used for all later analyses. In a training set, 10 

adducts and anti-CCP status discriminated between groups with a high degree of precision 

(AUC for eOA 0.98). In a separate test set, early OA was correctly attributed in 18 of 19 cases 
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(sensitivity 0.83, specificity 0.84, AUC 0.91). There was no adjustment for other 

demographic or clinical factors, but these are exciting results which would appear to 

improve on the performance of conventional protein biomarkers.  

MRM and immunoassay both have their limitations in terms of high sample throughput and 

identification of >100 proteins simultaneously in a single sample. Emerging technologies 

may provide the ability to reliably quantitate many thousand proteins simultaneously in a 

single sample(67) or quantitate very low levels of proteins in serum(68). Whether these new 

methodologies could lead to novel OA biomarker identification remains to be established; 

but they remove some existing obstacles to larger scale discovery. 

Metabolomics Tandem MS with MRM gave data on 168 plasma metabolites in 

Newfoundland OA study samples(69). In the discovery set (64 OA undergoing joint 

replacement, 45 controls), 18 metabolites were associated with knee OA, which dropped to 

6 in the subsequent validation set (72 OA, 76 matched controls). All metabolites were lower 

in OA plasma compared with controls, lowest P value <6.5x10-4. Arginine was 65% lower in 

OA (AUC 0.98). Arginine is a semi-essential amino acid and collagen precursor. This finding 

was felt most likely due to over-activity of arginase catabolism rather than dietary. Arginine 

is a natural inhibitor of cathepsins; increased cathepsin activity in late stage osteoarthritic 

cartilage is shown in support of this proposed mechanism. In a follow on study, 

lysophosphatidylcholine to phosphatidylcholine ratio (identified from this metabolomics 

approach) was shown to predict knee OA. Subjects with a ratio >0.09 were twice as likely to 

undergo joint replacement as those with a low ratio, over 10 years(70). Two other 

independent reports support a role for cathepsin K in OA pathogenesis, relating it to knee 

pain(71) and to effective degradation of collagen II in vitro and in vivo(72). 
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Loeser reports on the first progression metabolomics study(73). A metabolite panel was 

measured in fasted second void urine in a subgroup of IDEA participants. Using Orthogonal 

Partial Least Squares-Discriminant Analysis (OPLS-DA), a clear separation of progressors 

from non-progressors was possible on baseline urinary samples with the 3 metabolites: 

glycolate, hippurate and trigonelline. The latter are gut-flora- derived, implicating the gut 

microbiome. Interestingly, plasma IL-6 dropped in non-progressors but was unchanged in 

progressors.   
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Conclusions 

This has been an exciting year for OA biomarkers: several novel potential diagnostic or 

prognostic biomarkers have been demonstrated in discovery studies. These include less 

traditional biomarkers including those from metabolomics, and Post-Translational 

Modification Proteomics, with urinary metabolomics looking a promising area. Cellularly-

produced markers, particularly relating to inflammation continue to be highly represented. 

Novel approaches are much needed: highly validated biomarkers in recent high quality 

studies are shown to perhaps lack the additional specificity needed to bring OA biomarkers 

into a new age of clinical utility. Good international pipelines are needed to move promising 

markers from discovery to qualification, linking laboratories with strengths at one end or 

other of the pipeline, and considering early other known clinical predictors. The growth in 

large collaborative international consortia in OA, fostered in some cases by the 

pharmaceutical collaborations, should drive exciting discoveries into large scale qualification 

and validation programmes.  

Strength is seen in studies with large numbers, prospective sampling, high quality clinical 

and imaging data, robust biomarker measurement and considered bioinformatic/statistical 

approaches. Big Data is impacting all areas of medicine, and OA is no different. 

Combinations of different types of biomarkers may hold promise, but require larger, 

collaborative approaches to achieve necessary power. Close working with bioinformaticians 

is necessary to ensure progress. Much should be learned from genetics when approaching 

array/large panel testing: that insufficient numbers, phenotyping and replication may mean 

early discovery not being verified; false discovery will dilute our efforts.  
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Challenges which are being addressed include a perhaps excessive focus on the best-studied 

serum biomarkers of matrix degradation, and a lack of gold standard definition for early OA 

(needed if diagnostic markers are to be achieved). Whilst serum markers such as in the FNIH 

studies may or may not prove to be the ultimate solution, they have provided a paradigm 

for qualification of OA-related biomarkers and the best means of establishing regulatory 

approval pathways, enabling the field to progress. Ultimately a laboratory biomarker will 

only be useful if it tells us something we cannot glean from speaking to, or examining a 

person with OA, or perhaps performing an X-ray. In this age of precision medicine and a re-

emergence of novel therapeutics in OA, we need OA biomarkers more than ever. 
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