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Abstract
Objective—To explore prognostication of incident radiographic knee osteoarthritis (OA) with
OA-related biomarkers in a large sample of African-American and Caucasian men and women.

Methods—Baseline serum cartilage oligomeric matrix protein (COMP), hyaluronan (HA), high-
sensitivity C-reactive protein (hsCRP), and keratan sulfate (KS) and baseline and follow-up
radiographs were available for 353 knees without baseline osteophyte formation (OST), and 446
knees without baseline joint space narrowing (JSN). Cox models estimated the hazard ratio (HR)
for incident knee OA for a 1-unit increase in the natural log (ln) of each biomarker, adjusting for
age, race, gender, body mass index, and knee OA of the contralateral limb. Report of chronic knee
symptoms was explored as a modifier of the association.

Results—The hazard of incident knee OST (HR= 2.16, 95% CI =1.39-3.37) and incident JSN
(HR=1.82, 95% CI = 1.15-2.89) increased with higher baseline lnCOMP levels. The hazard of
incident knee JSN increased with higher lnHA levels (HR=1.46, 95% CI= 1.14-1.87). Baseline
lnhsCRP and lnKS did not predict incident knee outcomes. HRs per unit increase in lnCOMP,
lnHA, and lnKS were higher among knees with chronic symptoms than those without symptoms.

Conclusion—Higher baseline lnCOMP and lnHA levels were associated with incident knee OA
over an average follow-up period of 6.3 years. These results represent detection of a molecular
stage of OA prior to radiographic manifestations. Chronic knee symptoms as a modifier of the
biomarker-incident knee OA association requires further exploration.

Osteoarthritis (OA) is one of the most common causes of disability in the United States (1),
but effective interventions for this disease are limited. One difficulty that hinders the
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development of successful treatments is the lack of sensitive measures of incident or
progressive OA. Radiographic measures that are used include the Kellgren-Lawrence (K-L)
score (2), which provides a global measure of the presence of radiographic features of OA,
and radiographic features of osteophytes (OST) or joint space narrowing (JSN) that can be
examined separately and graded with a standardized atlas (3, 4). However, these
radiographic measures are late stage indicators of disease, and studies using these outcomes
become lengthy and costly because they require follow-up times that extend over many
years (5, 6). Magnetic resonance imaging (MRI) is more capable of detecting multiple bone
and soft tissue structural features of OA and changes in the disease over time, but its use in
clinical and observational trials and the clinic is limited due to a current lack of accepted and
widely validated scoring systems, long examination and interpretation times, and cost
factors (7, 8). Biochemical markers (biomarkers) of joint metabolism require only blood or
urine collection, and thus, can be evaluated more quickly and at a lower cost than
radiographic or MRI markers. Additionally, biomarkers may be more sensitive for detecting
the development and progression of OA than current imaging methods (9), particularly at
early “molecular” stages of the disease (10).

Although several biomarkers have been associated with progressive OA (11-13), currently
no studies have identified prognostic biomarkers of incident knee OA in men, and there has
been only one positive study in women (14). Among likely candidates for biomarkers of
incident knee OA in men and women are serum cartilage oligomeric matrix protein (COMP)
(15, 16), (17), serum hyaluronan (HA) (18), serum high-sensitivity C-reactive protein
(hsCRP) (14, 19), and serum keratan sulfate (KS) (20). COMP is present in serum, articular
cartilage, synovium, ligaments, and tendons (21), and elevated levels of COMP in joint fluid
and serum may indicate a release of fragments of this protein and synovial inflammation
(22). We have previously shown that levels of serum COMP are higher in persons with no
radiographic knee or hip OA with hip-related symptoms but not knee-related symptoms
(23). HA is a glycosaminoglycan found in all connective tissues and synovial fluids, and it
may be a marker of localized joint inflammation (24). Serum hsCRP is a protein associated
with systemic inflammation, and KS is a glycosaminoglycan associated with cartilage
proteoglycan degradation.

In addition to biomarker levels, the presence of joint symptoms of pain, aching, or stiffness
may be helpful for identifying individuals at risk of developing radiographic OA (25),
including potential participants for clinical prevention trials in OA. Joint symptoms may be
early indicators of OA prior to the appearance of radiographic evidence of the disease (25).
Previous studies have examined the levels of biomarkers in radiographic knee OA in cross-
sectional analyses or longitudinally in small samples (22, 26), but have not assessed whether
specific biomarkers may predict the development of OA in longitudinal cohorts.

Previous analyses of data from this project demonstrated cross-sectional associations
between OA and COMP (11), HA (24), and hsCRP (27); racial and gender differences in
biomarker levels of COMP (23, 28), HA (24), and hsCRP (27); and confounding by obesity,
comorbid conditions, and medication in the association of hsCRP and OA (27). The purpose
of this paper was to determine the hazard of incident radiographic knee OA based on three
measures (the global K-L score) and radiographic features of OST and JSN and four
biomarkers (COMP, HA, hsCRP, and KS) measured 3-10 years previously in a large bi-
racial sample derived from the community-based sample of the Johnston County
Osteoarthritis (JoCo OA) Project. We hypothesized that higher levels of each biomarker
would be associated with incident radiographic knee OA outcomes (K-L score, OST, and
JSN). A secondary objective was to explore whether these associations were modified by
chronic knee symptoms. We hypothesized that biomarker-OA outcome associations would
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be stronger among those with chronic knee symptoms at baseline compared to those without
baseline knee symptoms.

Materials and Methods
Study Participants

The JoCo OA Project is an ongoing, community-based study of knee and hip OA in African
American and Caucasian residents in a rural county in North Carolina. Details of this study
have been reported previously (29). Briefly, this study involved civilian, non-
institutionalized adults aged 45 years and older who resided in six townships in Johnston
County. Participants were recruited by probability sampling, with over-sampling of African
Americans. A total of 3,187 individuals completed a baseline clinical evaluation from
19911997, and follow-up assessments were completed from 1999-2003. Serum was
collected for all participants at baseline, and based on available resources, baseline
biomarker assessments were completed for 800 of the participants. To allow for analyses of
biomarkers levels by race, gender, OA presence, and age, the 800 participants were selected
with complete radiographic data at baseline to represent roughly equal proportions of
African Americans, and whites, women and men, and those with and without radiographic
knee OA, representing a range of ages (categorized as 45–54 years, 55–64 years, and 65
years and older). These participants were selected without regard to return for follow-up
visit.

Individuals having radiographic evidence of rheumatoid arthritis or other inflammatory
arthropathies in the knees or hips were not included in the subsample. Nearly 47% (N=377)
of the 800 participants did not return at follow-up. Reasons that participants were not
eligible or available included emigration from study area (N=34), refusal (N=114), inability
to participate due to physical or mental conditions (N=57), death (N=146), and inability to
contact or find (N=26).

Baseline Biomarker Assessment
Baseline serum samples for COMP, HA, hsCRP, and KS were collected, spun, and stored at
-86°C. Serum COMP was measured using an in-house sandwich enzyme linked
immunosorbent assay (ELISA)(30). The reported precision is 5.8-6.6% intra-assay
variability and between 8.7-9.7% inter-assay variability. Serum HA was measured with the
Hylauronic Acid Test kit (Corgenix, Westimister, CO). The reported precision is 3.6-4.7%
intra-assay variability and 5.7-7.0% inter-assay variability. Serum hsCRP was measured
with the UBI Magiwel Enzyme Immunoassay (United Biotech Inc. Mountain View, CA).
The minimum detectable concentration for this assay is 0.35 nanograms/milliliter (ng/ml),
and the inter-assay precision was 7.4% (N=20) at a concentration of 3 ng/ml in the JoCo OA
project biomarker substudy (27). Serum KS was measured using an in-house competitive
ELISA as previously described (31). The inter-assay precision was 14.4%, and the intra-
assay precision was 3.2% (31).

Radiographic Assessment of Incident Knee OA
At baseline and follow-up, participants completed bilateral anteroposterior weight-bearing
radiography of the knee with foot mat placement (32). Radiographs were read paired
(baseline and follow-up images read together) without knowledge of participant clinical
status and blinded to time sequence by a single musculoskeletal radiologist (JBR) (32) for
the overall K-L knee radiographic grade (score 0-4) (2) and for OST formation (score 0-3)
and JSN (score 0-3) in the medial and lateral knee compartments based on the standardized
Burnett atlas (3). Inter-rater reliability (comparison of radiograph readings between JBR and
another radiologist) and intra-rater reliability (comparison of radiograph readings completed
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by JBR at two separate times) for the radiologist were high (weighted kappa for inter-rater
reliability 0.9; kappa for intra-rater reliability 0.9) (29). Radiographs without the features of
OA were defined as K-L grade of 0 (normal findings). A minute radiographic osteophyte of
doubtful pathologic significance was assigned a K-L grade of 1 (questionable). Radiographs
showing an osteophyte without joint space narrowing were assigned a K-L grade of 2 (mild).
A moderate decrease of the joint space was assigned a K-L grade of 3 (moderate). K-L grade
4 (severe) was defined as severe joint space narrowing with subchondral bone sclerosis (2).
Incident radiographic OA was defined as a K-L grade ≥2 at follow-up among participants
with K-L grade <2 at baseline. Incident OST and JSN were defined as joints with grade=0 at
baseline and ≥1 at follow-up.

Figure 1 details the selection of knee joints for analyses. Knees with missing follow-up data
were excluded from analyses. Of the possible 1600 knees from the 800 participants with
biomarker data at baseline, 728 knees (364 participants) had paired baseline and follow-up
knee radiograph assessments with available K-L grade data; OST and JSN readings were
completed for 670 knees (335 participants (Figure 1). Three separate risk subgroups were
created based on knee radiographic OA status at baseline: 542 knees at risk for incident
radiographic knee OA (baseline radiographic K-L grade <2), 349 at risk for incident OST
(baseline OST grade = 0), and 440 at risk for incident JSN (baseline JSN grade =0). Among
the knees at risk for incident knee OA, two knees had a total knee arthroplasty by the
follow-up visit. Both knee replacement surgeries were indicated because of knee OA (per
participant self-report), and thus, these knees were considered incident knee OA and
included in analyses.

Baseline Chronic Knee Symptoms
Participants completed an interviewer-administered questionnaire in which they answered
“Yes” or “No,” separately for left and right knees, to the question: “On most days do you
have pain, aching or stiffness in your [left/right] knee?

Baseline Demographic and Clinical Characteristics
The following participant characteristics were examined as potential covariates in our
analyses because they have been associated with biomarkers of OA and incident knee
radiographic OA: gender; self-reported race (African American or Caucasian); age
(continuous variable in years); body mass index at baseline (BMI: continuous variable
calculated as weight in kilograms/height in meters squared). Height without shoes was
measured in centimeters and weight was measured in kilograms using a balance beam scale.

Statistical Analysis
Descriptive statistics were calculated for race, gender, age, BMI, and chronic knee
symptoms (for the total sample with biomarker data and baseline and follow-up paired knee
radiographs and for each subgroup of incident radiographic outcome) and compared by
follow-up status (chi-square statistics for categorical variables and t-test statistics for
continuous variables). The natural logarithm transformation was used to produce nearly
normal distributions for COMP (lnCOMP), HA (lnHA), hsCRP (lnhsCRP), and KS (lnKS)
in analyses. Because of the wide range of follow-up times for participants (mean = 6.3 years;
standard deviation ± 1.4 years; range= 3.0 – 10.2 years) and interval censoring (i.e., the
exact time of the occurrence of the outcome is unknown), separate multivariable Cox
models (with the midpoint of each individual’s follow-up period as the approximated
endpoint) were used to estimate the hazard ratio (HR) for a 1-unit increase in the natural log
of each biomarker with each radiographic knee outcome. We accounted for bilateral
clustering of knees using robust variance estimates (33). Covariates included in adjusted
models were baseline race, gender, age, BMI, and presence of contralateral knee OA (K-L
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grade ≥ 2), which were identified by their association with both the biomarkers and
radiographic OA (K-L grade or radiographic features), either based on statistical
significance in bivariate associations or on prior published knowledge of each covariate. The
models used were:

where log hi(t) = hazard of radiographic OA outcome (K-L grade, OST, or JSN,
respectively)

If there were notable associations between any of the biomarkers and OST, we examined
this association among those with no baseline JSN to determine independence of the
association. Similarly, associations between biomarkers and JSN were examined among
those with no baseline OST. Multiplicative interaction terms of each biomarker (lnCOMP,
lnHA, lnhsCRP, lnKS) with each covariate (race, gender, age, BMI, chronic knee
symptoms) were examined. If the interaction term was statistically significant (p<0.05), then
it was included in models. Additionally, the associations of each biomarker and outcome
were stratified by chronic knee symptoms, to explore patterns of potential modification of
the association by either of these covariates. Cox models were fit using SAS Version 9.1
software (SAS Institute, Cary, NC).

Results
Of the 800 participants with baseline biomarker data, 423 (52.9%) returned for a follow-up
visit (Table 1). Those who did not return were more likely to be older, be men, be African
American, or have knee OA (K-L grade ≥ 2 in at least one knee) at baseline (Table 1).

The total study group for this analysis comprised 364 participants with paired knee
radiographs and biomarker data (62.9% women, 42.9% African American). The mean age
was 60.4 years (range 45-84 years), and on average, participants were obese at baseline with
a BMI of 30.4 kg/m2 (range 16.0-58.1 kg/m2, Table 2). Nearly 50% reported chronic knee
symptoms at baseline. Compared to the total study group, the subgroups at risk of incident
knee outcomes (OA, OST, and JSN) were slightly younger, had a lower BMI, and had a
lower proportion of women, African Americans, and those with baseline chronic knee
symptoms.

Table 3 displays the hazard ratios for incident radiographic knee outcomes by an
incremental increase in the natural log of each biomarker, indicating associations between
higher ln biomarker levels and radiographic knee OA outcomes. In adjusted models, the
hazard of incident knee OST increased with higher baseline lnCOMP levels (adjusted HR
[aHR] = 2.16, 95% confidence interval [CI]) = 1.39-3.37). Among participants with no
baseline JSN, the hazard of incident knee OST in adjusted models was 2.40 (95% CI =
1.44-4.01) with higher baseline lnCOMP levels. The hazard of incident knee JSN also
increased with higher baseline lnCOMP levels (aHR=1.82, 95% CI= 1.15-2.89) and with
higher baseline lnHA levels (aHR=1.46, 95% CI= 1.14-1.87). Among participants with no
baseline OST, the hazard of incident knee JSN in adjusted models was 4.01 (95% CI =
2.08-7.72) with higher baseline lnCOMP levels and 1.26 (95% CI = 0.85-1.87) with higher
baseline lnHA levels. The hazard of incident knee OA based on K-L grade also increased
with higher baseline lnCOMP levels (aHR=1.39, 95% CI = 0.90-2.13) and with higher
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baseline lnHA levels (aHR=1.12, 95% CI = 0.90-1.40), although these associations were not
statistically significant. In unadjusted models, the hazard of incident knee JSN increased
with higher levels of baseline lnhsCRP (HR = 1.16, 95% CI = 1.01 – 1.34), and the hazard
of incident knee OST increased with higher levels of baseline lnKS (HR = 1.89, 95% CI =
1.03-3.47). In adjusted models, higher levels of baseline lnhsCRP and lnKS did not predict
the incident knee outcomes. In all models, estimated associations did not differ or differed
minimally with and without adjustment for baseline contralateral knee OA. No statistically
significant interactions (i.e., no evident departures from hazard ratio multiplicativity) were
observed between the natural logs of each biomarker and age, BMI, race, gender, or chronic
knee symptoms.

Although interactions of ln of each biomarker and knee symptoms were not statistically
significant, a pattern was noted of higher adjusted HR estimates among those with chronic
knee symptoms than those without for lnHA and lnKS across all three incident knee
outcomes, for lnhsCRP for incident knee OST, and for lnCOMP for incident knee OA and
OST. Table 4 shows the adjusted HRs for incident radiographic knee outcomes, stratified by
baseline chronic knee symptoms.

Discussion
The hazard of incident knee radiographic OA outcomes was elevated in those with higher
baseline serum lnCOMP and lnHA levels. Higher baseline serum COMP levels were
independently associated with both knee OST and JSN outcomes, while higher baseline
serum HA levels were associated with knee JSN outcomes. These results are consistent with
prior studies that have shown an association between higher serum COMP levels and
cartilage and subchondral bone turnover (34) and a correlation between serum HA and joint
space narrowing (35).

The relationship between COMP and progression of knee OA has been well-documented
(12, 13, 37), but no prior study has evaluated the prognostic utility of COMP for incident
knee OA, although one small Swedish study (women=17, men=21) reported concurrent
increase in serum COMP during the early phase of incident radiographic knee OA (38). In a
study of hip OA, high levels of COMP were associated with incident radiographic disease
(39). Previous studies of serum HA and knee OA demonstrated a relationship between
higher HA levels and progressive disease (18) and prevalent disease(24, 40), but serum HA
and incident knee OA associations have not been reported.

Baseline levels of lnhsCRP and lnKS in our study did not predict incident knee OA
outcomes. Serum hsCRP is recognized as one of the most sensitive indicators of the acute
phase reaction and inflammation and has been associated with incident knee OA in studies
of women (14, 19). However, obesity is strongly correlated with higher hsCRP levels, and
controlling for obesity has been shown to attenuate the association between hsCRP and
prevalent (27) and incident knee OA (14, 41). In the present analyses, BMI was adjusted for
in biomarker and radiographic knee outcome associations. In unadjusted models, a one unit
increase in lnhsCRP was not a predictor of incident knee OA or OST, but the hazard of
incident knee JSN was 16% higher with increasing lnhsCRP levels. Controlling for BMI and
other covariates reduced the associations between hsCRP and incident knee OA and JSN,
but appeared to have minimal effect on the association with knee OST. As observed by
Wakitani et al (20), large variations in serum KS values among participants were observed
in the present study, and this may be in part responsible for the lack of association with
incident knee radiographic outcomes.
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Strengths of this study are several including that it consists of African American and
Caucasian men and women, includes longitudinal radiographic data and chronic symptoms
data of the knee, and uses an analytical method that can accommodate the interval censoring
of the study design and the bilateral clustering of knees within subjects. A novel approach to
this study was the exploration of incident knee OA using three definitions of radiographic
OA (K-L grade, OST formation, and JSN). Several limitations restrict interpretations of the
results. The small number of knees with chronic knee symptoms limited the power for
assessment of this variable as a potential modifier of the association between biomarkers and
the radiographic knee outcomes. Chronic knee symptoms may be a modifier of the
biomarker-incident knee OA association as indicated by an overall pattern of elevated
adjusted HRs among participant with symptoms compared to those without symptoms,
particularly for higher baseline levels of HA and KS, but results of testing for interactions of
biomarkers and knee symptoms were not statistically significant. Another limitation of the
present study is that only a single measurement of each biomarker was collected at baseline
rather than repeated measures at multiple time points. Because of the size and complexity of
the parent study, measures that may alter serum biomarker levels, such as diurnal variation,
exercise levels, postural changes, and dietary intake, were not controlled (42). Additionally,
biomarkers collected in serum may be less sensitive to changes occurring in the joint of
interest and more easily influenced by systemic or metabolic effects in other joints or body
systems. Synovial fluid, while more difficult to collect, enables biomarker analyses that are
more proximal and likely more precise assessments of local joint tissue turnover related to
early knee OA. Because of concerns about having too many covariates in models, other
medical disorders were not considered as covariates, although serum HA and serum hsCRP
may be elevated with systemic inflammation related to several diseases. However,
individuals with rheumatoid arthritis or other inflammatory arthropathies were not included
in the subsample of 800 participants with biomarker data, and age and BMI, two factors
associated with greater risk of multiple diseases and inflammation, were included as
covariates in analyses.

Furthermore, the sizeable loss of participants by the follow-up visit (47%) may have
influenced observed associations. Among participants without follow-up data, 39% had
died, 15% had a decline in their health since baseline and were unable to participate at
follow-up, and nearly 1/3 refused, limiting the longitudinal analyses to those participants
who were more likely to be younger and healthier at baseline. The loss of participants at
follow-up along with the availability of biomarker data for only a subset of the JoCo OA
cohort reduces the generalizability of the results. Additionally, the loss of participants at
follow-up reduced the power available for assessment of biomarker-OA outcome
associations by baseline chronic knee symptoms

In this sample, higher lnCOMP and lnHA levels predicted incident knee OST and JSN.
Chronic knee symptoms as a modifier of the biomarker-incident knee OA association
requires further exploration, as this variable in combination with higher biomarker levels
may indicate early stages of OA. Future studies should examine biomarker-incident knee
OA associations after the initial appearance of knee symptoms, tracking biomarker levels
over short, regular time intervals to determine the role this potential modifier plays to help
identify individuals at risk of knee OA for clinical trials and interventions.
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Figure 1.
Description of knees from N= 800 participants with baseline biomarker data.
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