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Abstract

Objective—To determine differences in biomarker levels between radiographic phenotypes of 

facet joint osteoarthritis (FOA) only, spine OA only ((disc space narrowing (DSN) and vertebral 

osteophytes (OST)) or the combination of FOA and spine OA.

Design—A cross-sectional analysis of data from 555 participants in the Johnston County 

Osteoarthritis Project was performed. Lumbar spine levels were graded by severity (OST and 

DSN) and presence (FOA) of degeneration. Biomarkers included hyaluronan (HA) and type II 

collagen (CTX-II). Adjusted risk ratios (aRRR) were estimated using multinomial regression, with 

adjustment for age, race, sex, body mass index (BMI), and radiographic OA (knee, hip, hand). 

Interactions were tested between sex, race and low back symptoms.

Results—FOA only was present in 22.4%, 14.5% had spine OA only, and 34.6% had the 

combination of FOA and spine OA. Compared to the reference group of neither FOA or spine OA, 
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a one unit higher ln HA level was associated with 31% higher relative risk ratio (RRR=1.31 ((95% 

1.03, 1.67)) of having FOA only, while, a one unit higher ln uCTX-II level was associated with 

84% higher relative risk ratio (RRR=1.84 ((95% CI 1.19, 2.84)) of having spine OA only. No 

significant interactions were identified.

Conclusion—Interestingly, OA affecting the synovial facet joint was associated with a marker of 

inflammation (HA). Spine OA, affecting intervertebral discs that contain collagen type II, was 

associated with a marker reflecting collagen type II degradation (CTX-II). These findings suggest 

that biomarkers may reflect the different pathophysiologic processes of lumbar spine OA 

phenotypes.

Chronic low back pain (cLBP) impacts over 31 million Americans at any given time1, has 

increased threefold in prevalence over a 10-year period2, and results in $100–$200 billion 

per year in total U.S expenditures.3 A large amount of these expenditures for interventions is 

attributed to two conditions, intervertebral disc (IVD) degeneration and facet joint 

osteoarthritis (FOA) because of their association with cLBP.4–10 Some of these interventions 

have high complication rates11 including potentially severe complications that lead to 

infection or death12, 13. A better understanding of the etiological process of spine 

degeneration may improve the delivery of interventions.

The radiographic features of spine degeneration including disc space narrowing [DSN], 

vertebral osteophytes [OST] and FOA), are commonly overlooked in discussions regarding 

osteoarthritis (OA). One reason is that characterization of IVD degeneration in the spine as 

an OA process has been debated14. This is in part due to anatomical differences that exist 

within the IVD that do not necessarily exhibit the same pathophysiology as OA in the knee, 

hip or hand7. Some consider the combination of at least mild radiographic DSN (analogous 

to joint space narrowing in an appendicular joint) and at least mild vertebral OST (at the 

same lumbar level) to be a definition of lumbar spine OA15, 16 based on a radiographic atlas 

definition (i.e., Kellgren-Lawrence)17. However, the facet or zygapophyseal joint, is the only 

structure in the spine that is classified as a synovial joint (i.e., contains articular cartilage, 

synovial lining and a joint capsule)18. When compared to lumbar spine DSN and vertebral 

OST, FOA has been strongly associated with OA of the knee and hand, suggesting a shared 

basis for degeneration7; this raises the intriguing question—whether the different features of 

spine OA reflect the same, or different pathophysiological process.

Biomarkers may be useful as indicators of specific subtypes of OA or of OA in specific 

joints19, 20. Previously, using data from the Johnston County Osteoarthritis Project (JoCo 

OA), we identified a significant association between a broad spectrum of biomarkers and 

lumbar spine DSN, but most were not independently associated with vertebral OST14. This 

suggests that these radiographic features differ to some extent in their pathophysiology and 

associated tissue metabolism14. We are unaware of previous analyses that have sought to 

differentiate between phenotypes of spine degeneration: those with FOA only, spine OA 

only, or the combination of FOA and spine OA, compared to those without FOA or spine 

OA. Therefore, the purposes of these analyses were 1) to determine whether biomarkers 

reflect differences in the phenotypes of spine degeneration, and 2) to determine whether 

these associations differ by sex, race and the presence of low back symptoms. We 
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hypothesized that biomarkers would have a significant association with spine degeneration 

phenotypes and that these biomarkers would reflect differences in the tissues involved and 

their metabolism. Further, we expected that these associations between biomarkers and spine 

degeneration phenotypes would differ by sex, race and presence of low back symptoms.

Methods and Materials

Participants

Details of the sampling strategy and recruitment methods used for the JoCo OA are 

described elsewhere7, 21. Briefly, the JoCo OA is an ongoing cohort study set in 6 townships 

of Johnston County, North Carolina. The primary purpose of the JoCo OA is to determine 

the incidence, prevalence and progression of knee, hip, hand, and spine OA. Data for these 

cross-sectional analyses come from 1,015 participants enrolled in the JoCo OA during 

cohort enrichment (2003–2004). The cohort enrichment aimed to enrich the sample for 

African Americans (AAs) and younger participants. As such, participants enrolled during 

this time period were younger (mean age 59.3 vs. 65.8 years) and had a higher proportion of 

AAs (40% vs. 28%) than those at first follow-up of the original cohort; the 2 groups did not 

differ according to sex22.

Demographic data

Demographic data were collected by clinical interview and examination, including age and 

body mass index (BMI) at the time of interview (calculated from height measured without 

shoes and weight measured with a balance beam scale), race (Caucasian/AA), and sex. Low 

back symptoms were collected at clinical interview by asking participants to answer “yes” or 

“no” to “On most days do you have symptoms of pain, aching or stiffness in your lower 

back?”

Biomarkers

Details of the participants, collection and analyses of specimens of biomarkers have been 

described elsewhere14. Briefly, all participants had blood and urine collected at the clinic 

visit on the same day that radiographs were taken. Therefore, all samples were collected 

after completion of morning activity at a time (>1 hour after arising) when these serum 

markers have attained equilibrium23. Participants were sampled for biomarker analysis to 

represent a similar distribution of race and sex to the full cohort. A broad spectrum of serum 

and urine biomarkers was analyzed. Urinary type I collagen marker, N-terminal telopeptide 

(NTX-I, Osteomark, NJ), which reflects bone turnover or reabsorption24 and urinary type-II 

collagen (CTXII, IDS, Boldon, UK), the C-terminal cross-linked telopeptide of type II 

collagen measured by competitive ELISA and corrected for creatinine concentrations. The 

intra- and inter-assay precisions of NTX and CTXII are 5.86% and 9.97%, respectfully. 

Serum collagenase-generated neoepitope (C2C), which is a biomarker neoepitope of type II 

collagen degradation, was measured with a competitive ELISA (Ibex, Montreal, CA) with an 

intra- and inter-assay precision of 2.41% and 9.49%, respectfully. Serum C-propeptide of 

type II procollagen (CPII) which reflects cartilage synthesis24 was measured with a 

competitive ELISA (Ibex, Montreal, CA). The intra- and inter assay precisions are 3.68% 

and 9.08%, respectfully. Non-aggrecan and non-collagenous marker, serum cartilage 
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oligomeric matrix protein (COMP), reflects cartilage degradation but may also be found in 

bone, ligaments, tendons and vascular smooth muscle25 was measured using an in-house 

sandwich ELISA. The reported precision is 5.8–6.6% intra-assay and between 8.7–9.7% 

inter-assay variability. Serum hyaluronic acid (HA) is a glycosaminoglycan indicative of OA 

and synovial inflammation24 was measured with the Hyaluronic Acid Test kit (Corgenix, 

Westminster, CO). The intra- and inter- assay precision is 3.6–4.7% and 5.7–7.0%, 

respectively.

Radiographic Spine Evaluation and Phenotypes

By protocol, women of reproductive age (<50 years of age) were excluded from having 

lumbar spine radiographs. Lateral lumbar spine films were taken with the participant lying 

on his/her left side with the central beam centered at the lumbar spine. All lateral lumbar 

spine radiographs were graded at each lumbar level by a single bone and joint radiologist 

(JBR) without regard to participants’ biomarker levels. The Burnett Atlas26 was used to 

grade lumbar spine radiographic features of FOA, DSN and OST. Facet joint OA was graded 

as absent or present at each lumbar level while DSN and OST were graded in a semi-

quantitative fashion (0=none, 1=mild, 2=moderate and 3=severe). The grading for OST was 

done for each superior and inferior aspect of the anterior face of the lumbar vertebra. Spine 

OA was derived from the presence of at least a mild OST (either superior or inferior) and 

mild DSN at the same level of the lumbar spine for any level of the lumbar spine. FOA was 

coded as 1=present and 0=absent at any level of the lumbar spine. From these two different 

coding schemes we developed four spine degeneration phenotypes: 1) no FOA or spine OA 

(reference group), 2) FOA only, 3) spine OA only and 4) the combination of FOA and spine 

OA.

Spine Reliability Sub-Study

We conducted an intra-rater reliability analysis of the radiologist (JBR) for spine individual 

radiographic features of FOA, DSN and OST. A random sample of 50 participants from this 

cohort was selected for the reliability analysis. The radiologist completed the readings 2 

weeks apart and was blinded to demographic, clinical characteristics, the reliability study 

and biomarker information of the participants. Data were analyzed using weighted kappa 

(wk) statistics for ordinal variables (DSN and OST) and kappa (k) statistics for the binary 

variable of FOA. Moderate-to-strong intra-rater reliability was found for FOA with a 

k=0.73, for DSN wk=0.89, and for OST wk=0.90.

Knee, Hip and Hand Osteoarthritis

Participants completed postero-anterior knee radiography of both knees in weight bearing 

with a Synaflexer™ (CCBR-Synarc, San Francisco, CA) positioning device and bilateral hip 

radiography with supine anteroposterior pelvis radiographs. The primary reason for a 

participant not having knee radiographs was presence of knee arthroplasty. The primary 

reason for missing hip radiographs was women of reproductive age (<50 years). Postero-

anterior hand radiographs were obtained with the beam focused on the 3rd 

metacarpophalangeal joint for grading of 30 hand joints bilaterally (the distal 

interphalangeal [DIP], proximal interphalangeal [PIP], metacarpophalangeal [MCP], 

carpometacarpal [CMC] and thumb IP and MCP joints). All hip, knee and hand radiographs 
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were read for Kellgren-Lawrence (K-L)27 score by a single bone and joint radiologist (JBR). 

Inter-rater and intra-rater reliability have been reported previously with a weighted kappa 

(wK) of 0.86 and 0.89 for the hip and knee, respectively28. Hip and knee OA, for these 

analyses, were defined as a K-L score of 2–4 in at least one extremity. Hand OA was 

defined, similar to a previous definition, as having at least one extremity with a K-L grade of 

2–4 in one DIP and in at least 2 other similarly affected interphalangeal joints or CMC joints 

across both hands16.

Statistical Analysis

Descriptive statistics were generated for the total sample and each phenotype in the form of 

means and standard deviations or median and interquartile ranges for continuous covariates 

and counts and proportions for categorical covariates. Each biomarker demonstrated a right 

skewed distribution, so biomarkers were natural log (ln) transformed to meet model 

assumptions for analyses. Analysis of variance was used for continuous variables, and chi 

square tests were used for categorical variables to determine differences across FOA only, 

Spine OA only or the combination of FOA and spine OA. Post-hoc within group differences 

comparisons for continuous variables were conducted with Tukey Honestly Significant 

Difference.

We used multinomial regression to estimate unadjusted and adjusted associations between 

individual biomarkers and lumbar spine phenotypes. We chose to model each biomarker 

individually to determine their independent effects for the phenotypes of spine degeneration. 

The order of the categories is irrelevant as each category is independently compared to the 

referent group. Relative-risk ratios (RRR) and 95% confidence intervals were the measure of 

association. We report models adjusted for age, BMI, race and sex separately and in 

combination with adjustment for knee OA, hip OA, and hand OA to overcome confounding 

by appendicular OA as described in our previous work14. Associations between each spine 

phenotype and potential confounding factors of clinical, demographic and knee, hip or hand 

OA can be found in Appendix A. Pairwise interaction terms for sex, race and low back 

symptoms and each biomarker individually were used to assess effect measure modification 

while adjusting for all other covariates, however no significant (p<0.05) interaction effects 

were identified. All analyses were conducted in Stata 14 (Stata Corp, College Station, TX), 

and statistical significance was set at p<0.05.

Results

Figure 1 describes the flow of participants entering cohort enrichment for the JoCo OA 

Project (2003–2004). Of the 1,015 participants who underwent clinical examination, 175 

were missing radiographs due to either exceeding the weight limit for the radiograph table or 

were women of child bearing age, leaving 840 participants with lumbar spine radiographs. A 

total of 555 participants had biomarker data. Some participants in the sample had unreadable 

(e.g., due to congenital defect or surgery) lumbar spine radiographs, leaving 523 participants 

with complete radiograph and biomarker data for the current study (Figure 1).

Table 1 describes the demographic and clinical characteristics, frequency of peripheral joint 

OA and biomarker levels for included participants. On average the sample was older aged 
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(mean 62.2 ((SD=9.9 years)) and classified as obese (BMI=30.2 ((SD=6.2)). Most 

participants were women (61.6%) and White (62.2%). There was a fairly equal distribution 

of spine degeneration phenotypes: 28.5% had no FOA or spine OA, 22.4% had only FOA, 

14.5% had spine OA only, and 34.6% had the combination of FOA and spine OA. Low back 

symptoms were present in nearly half (49.0%) of the participants. Knee OA was present in 

29.7%, 23.8% had hip OA and 28.0% had hand OA. Median biomarker levels for the whole 

cohort are reported in Table 1.

Table 2 describes the difference in demographic, clinical, peripheral joint OA and biomarker 

variables across phenotypes of spine degeneration. When compared to no FOA or spine OA, 

significant differences (p<0.001) in age were found for FOA only and the combination of 

FOA and spine OA. A greater proportion of Whites (68.0%), compared with African 

Americans, had FOA only and the combination of FOA and spine OA (74.5%). Those with 

FOA only and those with FOA and spine OA were more likely to have knee OA, 31.1% and 

45.0% resepectively, compared to those without either FOA or spine OA. Similarly, those 

with FOA only and those with FOA and spine OA had a higher proportion of hand OA, 

32.0% and 47.3%, respectively compared to those without FOA or spine OA. No significant 

differences were found for sex, BMI, hip OA or low back symptoms across spine 

phenotypes.

Table 3 describes the unadjusted and adjusted associations between each biomarker and the 

phenotypes of spine degeneration. For the FOA phenotype, a one unit higher lnHA level was 

associated with 31% higher relative risk ratio (RRR=1.31 ((95% 1.03, 1.67)) of having FOA 

only vs. having neither FOA nor spine OA; a similar association was found when adjusted 

for peripheral appendicular joint OA (RRR=1.30 ((95% CI 1.00, 1.69)). In contrast, for the 

spine OA phenotype, a one unit higher lnuCTX-II level was associated with 83% higher 

relative risk ratio (RRR=1.83 ((95% CI 1.21, 2.76) of having spine OA only vs having 

neither FOA nor FOA with spine OA; a similar association was found adjusting for 

demographic and clinical characteristics (RRR=1.72 ((1.14, 2.58)) and additionally adjusting 

for appendicular OA (RRR=1.84 ((95% CI 1.19, 2.84)). Among those with the combination 

of FOA and spine OA, significant associations were found between unadjusted lnCOMP and 

adjusted and unadjusted lnHA and lnuCTX-II. The association with COMP did not persist 

after adjustment for demographic and clinical characteristics. The associations with lnHA 

and FOA only were similar in strength to the combination of FOA and spine OA. In contrast, 

the association of lnuCTX-II and the combination of FOA and spine OA was somewhat 

attenuated (RRR=1.62 (95% CI 1.08, 2.42)) compared with the association of lnuCTXII and 

spine OA only (RRR=1.84 (95% CI 1.19, 2.84)).

Discussion

Our intent was to determine if there was an independent relationship between a broad 

spectrum of biomarkers and phenotypes of spine degeneration and if those associations 

differed by sex, race or low back symptoms. Unlike previous studies, we grouped 

participants as having FOA only, spine OA only, and the combination of FOA and spine OA. 

Indeed, we identified biomarkers that may reflect structural differences between spine 

degeneration phenotypes. Although we anticipated significant differences across 
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demographics and clinical characteristics, we did not identify any significant interactions 

with these factors and spine phenotypes. The biomarker differences with these phenotypes 

suggests that a unique etiological process of spine degeneration may underlie these 

phenotypes.

It has been reported that IVD degeneration precedes FOA because an increased load occurs 

on the facet joint from IVD degeneration29. However, in approximately 20% of individuals, 

FOA precedes IVD degeneration30. Our findings indicate that 22% of participants have FOA 

without the presence of spine OA. Although lower in prevalence, we also identified a 

proportion of participants with spine OA without FOA. This suggests that, in some 

individuals, these two degenerative processes in the lumbar spine may be independent of one 

another. We also identified a subgroup with the combination of FOA and spine OA and a 

similar proportion without any radiographic evidence of FOA or spine OA; the latter 

represents a unique group, considering the mean age of the sample, suggesting that age is an 

independent risk factor for spine degeneration. The roughly similar distribution of the 

different spine degeneration phenotypes is interesting and suggests that the etiological 

degenerative process may differ for these specific phenotypes.

We found that only one of these joint metabolism markers, HA, reflects OA of the lumbar 

spine facet joint. Our previous analyses between the individual radiographic features of DSN 

and OST found several significant associations between biomarkers, including HA and 

DSN8. In those analyses, we did not restrict our spine degeneration groups to DSN only and 

therefore did not account for FOA presence. The analyses reported here indicate that the 

presence of FOA only in the spine, but not spine OA, is significantly associated with HA. 

We did find that HA was associated with the combination of FOA and spine OA phenotype. 

The similar association between the FOA only phenotype and the combination of both FOA 

and spine OA suggests that FOA may be the driving factor behind this association. In prior 

reports, HA has been associated with OA in the knee, hip and hand reflecting a synovial 

inflammatory process7, 19, 32–36. The fact that HA is associated with FOA only and not spine 

OA only is consistent with biomarker results for appendicular joints and underscores the 

utility of this biomarker for synovial joints, which in the lumbar spine are found only in the 

facet joint.

Previous analyses have found the type II collagen marker, uCTX-II, to be significantly 

associated with DSN14, 37, vertebral OST14 and FOA38. Meulenbelt and colleagues, 

however, found uCTX-II to be significantly associated with FOA, but not DSN, in 

participants in the Genetics, Arthrosis and Progression (GARP) study38. Kraus and 

colleagues19 also found a relationship between uCTX-II and HA and lumbar spine 

radiographic OST or DSN. There are several reasons that our results may differ from these 

previous studies including anatomical location of FOA in the GARP study (i.e., cervical and 

lumbar sites combined), inclusion of samples from sibling pairs, and adjustment in 

multivariable models. Furthermore, the objective of both of these studies was to determine 

the association between biomarkers and total body burden of radiographic OA using the 

combined scores of OA grades from multiple joints. In the current analysis, we were 

interested in the association between biomarkers and distinct phenotypes of spine 

degeneration. In these adjusted analyses, there are clear differences in the associations of 
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biomarkers and FOA only and spine OA only suggesting an independent association 

between uCTX-II and spine OA. In our previous analyses14, we identified a significant 

relationship between uCTX-II and both DSN and OST. We did not differentiate participants 

by distinct subset based on each radiographic feature so we are unable to determine the 

independent effect of uCTX-II on DSN from those results. In the current study, we identified 

a significant association between uCTX-II and the combination of FOA and spine OA. 

However, the weaker association found between uCTX-II and the combination of FOA and 

spine OA when compared to spine OA only suggests that spine OA only is the driving factor 

in the association. Although, we found moderate to strong associations with both CP-II and 

C2C and spine OA only, these associations were not statistically significant. One reason for 

the lack of statistical significance may be the large between-participant variability inherent 

to these biomarkers which could affect the statistical power.

There are several strengths and some limitations to our study. The primary limitation of this 

study is its cross-sectional design; thus, we could not address the temporal relationship 

between the onset of biomarker abnormalities and onset of spine degeneration. This can only 

be assessed using longitudinal analyses which we plan to conduct in future work. Lateral 

lumbar spine radiographs may not be the optimal image or view for FOA, which could lead 

to non-differential misclassification of FOA status. However, we observed similar prevalence 

estimates of FOA based on lateral spine radiography7 as previously reported using computed 

tomography scans39. We adjusted for hip, knee, and hand OA to take into account their 

potential contribution to biomarker levels; however, we did not control for every possible 

factor (such as medication use, liver function, and kidney function, diet/activity) that could 

affect serum levels of biomarkers. Per protocol, we excluded women of childbearing age and 

did not evaluate for factors that may influence biomarkers in the spine such as the presence 

of spondylolisthesis and dynamic instability, this may limit generalizability. Although we 

analyzed a broad spectrum of biomarkers, we did not include recently developed 

inflammatory biomarkers that may be more specific to IVD degeneration40, 41. Despite these 

limitations we found a difference in biomarker levels between distinct phenotypes of spine 

degeneration that potentially reflect a difference in pathophysiology of these important spine 

structures. The independent association of biomarkers with specific lumbar spine 

degeneration phenotypes could impact clinical practice by aiding more precise identification 

of the appropriate spinal structure to target with interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of cohort enrichment participants 2003 – 2004 from the Johnston County 

Osteoarthritis (JoCo) Project with complete radiographic and biomarker data for these 

analyses.
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Table 1

Distribution of demographic, clinical, radiographic and biomarker levels of participants for these analyses.

Variable Values

Age, years, mean (SD) 62.2 (9.9)

BMI, kg/m2, mean (SD) 30.2 (6.2)

Women, n (%) 342 (61.6%)

Men, n (%) 213 (38.4%)

African American, n (%) 210 (37.8%)

White, n (%) 345 (62.2%)

No FOA or spine OA, n (%) 155 (28.5%)

Spine OA only, n (%) 79 (14.5%)

FOA only, n (%) 122 (22.4%)

FOA and spine OA, n (%) 188 (34.6%)

Low back symptoms, n (%) 271 (49.0%)

Knee OA, n (%) 158 (29.7%)

Hip OA, n (%) 130 (23.8%)

Hand OA, n (%) 155 (28.0%)

uCTX-II (ng/mM Cr), median (IQR) 0.207 (0.136, 0.332)

uNTX-I (nM BCE/mM Cr), median IQR 60.2 (35.2, 107.9)

sCP-II (ng/ml), median IQR 833.0 (614.1, 1043.9)

sC2C (ng/ml), median IQR 167.5 (141.9, 195.3)

sCOMP (ng/ml) median IQR 1561.4 (1206.5, 1989.8)

sHA (ng/ml) median IQR 20.4 (9.5, 38.9)

BMI=body mass index, OA=osteoarthritis, FOA=facet joint osteoarthritis. C-terminal crosslinked telopeptide (CTX-II) measured in nanogram per 
millimole, accounting for creatinine clearance. Cross-linked N-telopeptides (NTX-I) measured in nanomole of bone equivalents accounting for 
creatinine clearance. C-Propeptide (CP-II), Cleavage of type II collagen (C2C), Cartilage oligomeric matrix protein (COMP) and Hyaluronic Acid 
(HA) all measured in nanograms per milliliter. U=urine, s=serum
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Table 2

Distribution of participants with no spine osteoarthritis (OA) or facet joint OA (FOA) only, spine OA only, and 

the combination of FOA and spine OA across demographic, radiographic, clinical and biomarker variables.

No FOA or spine OA FOA only Spine OA Only FOA and spine OA

Age, years mean (SD) 57.0 (7.6) 61.7 (9.0)* 60.1 (8.7) 67.8 (9.7) *

African American, n (%) 78 (50.3%) 39 (32.0%) 42 (53.2) 48 (25.5%)

White, n (%)* 77 (49.7%) 83 (68.0%) 37 (46.8%) 140 (74.5%)

Women, n (%) 91 (58.7%) 82 (67.2%) 46 (58.2%) 116 (61.7%)

Men, n (%) 64 (41.2%) 40 (32.8%) 33 (41.8%) 72 (38.3%)

BMI, kg/m2 mean (SD) 29.3 (5.9) 30.8 (6.4) 30.0 (6.0) 30.3 (6.3)

Knee OA, n (%)* 25 (16.2%) 37 (31.1%) 13 (16.9%) 77 (45.0%)

Hip OA, n (%) 34 (22.2%) 30 (24.8%) 15 (19.2%) 47 (25.5%)

Hand OA, n (%)* 15 (9.7%) 39 (32.0%) 9 (11.7%) 89 (47.3%)

Low Back Symptoms, n (%) 66 (42.9%) 54 (44.3%) 43 (54.4%) 99 (52.7%)

CTX-II (ng/mM Cr), median 
(IQR)

0.183 (0.120, 0.257) 0.198 (0.131, 0.284) 0.221* (0.157, 0.368) 0.247* (0.160, 0.383)

NTX-I (nM BCE/mM Cr), 
median IQR

55.0 (33.9, 113.6) 60.1 (34.1, 93.8) 60.7 (34.0, 120.2) 62.3 (39.2, 104.4)

CP-II (ng/ml), median IQR 807.5 (609.6, 1047.9) 896.3 (634.0, 11108.5) 913.3 (683.5, 1088.0) 825.4 (591.4, 1004.9)

C2C (ng/ml), median IQR 167.3 (140.3, 200.0) 170.2 (138.8, 190.0) 174.7 (146.5, 206.9) 166.1 (145.0, 192.5)

COMP (ng/ml) median IQR 1401.0 (1080.0, 1854.6) 1469.1 (1214.8, 1948.6) 1646.9 (1296.9, 2064.5) 1652.0 (1304.0, 2011.2)

HA (ng/ml) median IQR* 15.9 (7.8, 27.8) 20.3 (8.6, 37.2) 17.3 (8.5, 36.2) 25.3* (11.8, 55.4)

OA=osteoarthritis, Spine OA=combination of disc space narrowing and osteophyte of the same level of the lumbar spine, FOA=facet joint OA, 
BMI=body mass index, SD=standard deviation. C-terminal crosslinked telopeptide (CTX-II) measured in nanograms per millimole, accounting for 
creatinine clearance. Cross-linked N-telopeptides (NTX-I) measured in nanomoles of bone equivalents accounting for creatinine clearance. C-
Propeptide (CP-II), Cleavage neoepitope of type II collagen (C2C), Cartilage oligomeric matrix protein (COMP) and Hyaluronic Acid (HA) all 
measured in nanograms per milliliter.

*
p<0.001;
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Table 3

Unadjusted and adjusted models for the relationship between biomarkers and facet joint OA (FOA) only, spine 

OA only, and the combination of FOA an spine OA compared to no FOA or spine OA.

Unadjusted
RRR (95% CI)

Adjusted Model 1
RRR (95% CI)

Adjusted Model 2
RRR (95% CI)

FOA Only

lnCTX-II (ng/mM Cr) 1.03 (0.73, 1.47) 1.06 (0.73, 1.54) 1.07 (0.72, 1.59)

lnNTX-I (nM BCE/mM Cr) 0.92 (0.69, 1.24) 0.71 (0.49, 1.03) 0.74 (0.51, 1.08)

lnCP-II (ng/ml) 1.49 (0.80, 2.80) 1.64 (0.85, 3.15) 1.89 (0.95, 3.74)

lnC2C (ng/ml) 0.60 (0.25, 1.46) 0.69 (0.28, 1.73) 0.65 (0.25, 1.64)

lnCOMP (ng/ml) 1.23 (0.68, 2.34) 1.03 (0.55, 1.91) 0.95 (0.50, 1.81)

lnHA (ng/ml) 1.20 (0.98, 1.47) 1.31 (1.03, 1.67) 1.30 (1.00, 1.69)

Spine OA Only

lnCTX-II (ng/mM Cr) 1.83 (1.21, 2.76) 1.72 (1.14, 2.58) 1.84 (1.19, 2.84)

lnNTX-I (nM BCE/mM Cr) 1.11 (0.80, 1.54) 1.16 (0.81, 1.65) 1.14 (0.80, 1.63)

lnCP-II (ng/ml) 1.95 (0.95, 4.02) 2.03 (0.97, 4.27) 2.11 (0.98, 4.56)

lnC2C (ng/ml) 1.56 (0.60, 4.08) 1.48 (0.56, 3.93) 1.40 (0.53, 3.67)

lnCOMP (ng/ml) 1.91 (0.97, 3.81) 1.67 (0.85, 3.27) 1.65 (0.83, 3.27)

lnHA (ng/ml) 1.11 (0.89, 1.40) 1.10 (0.84, 1.43) 1.10 (0.83, 1.46)

Combination of FOA and spine OA

lnCTX-II (ng/mM Cr) 1.83 (1.32, 2.55) 1.88 (1.29, 2.74) 1.62 (1.08, 2.42)

lnNTX-I (nM BCE/mM Cr) 1.03 (0.79, 1.34) 0.92 (0.64, 1.32) 0.95 (0.66, 1.37)

lnCP-II (ng/ml) 0.95 (0.54, 1.65) 1.12 (0.60, 2.10) 1.20 (0.62, 2.32)

lnC2C (ng/ml) 0.84 (0.38, 1.83) 0.98 (0.41, 2.40) 1.01 (0.41, 2.50)

lnCOMP (ng/ml) 2.03 (1.18, 3.50) 1.40 (0.75, 2.60) 1.19 (0.62, 2.28)

lnHA (ng/ml) 1.62 (1.29, 2.11) 1.64 (1.29, 2.11) 1.37 (1.05, 1.78)

Spine OA=combination of disc space narrowing and osteophyte of the same level of the lumbar spine, RRR=relative-risk ratio; FOA=facet joint 
OA; C-terminal crosslinked telopeptide (CTX-II) measured in nanograms per millimole, accounting for creatinine clearance. Cross-linked N-
telopeptides (NTX-I) measured in nanomoles of bone equivalents accounting for creatinine clearance. C-Propeptide (CP-II), Cleavage neoepitope 
of type II collagen (C2C), Cartilage oligomeric matrix protein (COMP) and Hyaluronic Acid (HA) all measured in nanograms per milliliter. Prior 
to natural logarithmic transformation, the biomarkers were expressed in the units of measure indicated. Referent is no FOA or spine OA for all 
analyses. Model 1 adjusted for age, body mass index, sex, and race. Model 2 adjusted for model 1 variables and knee, hip and hand osteoarthritis.
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