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Abstract
Objectives—To assess if genetic variation in the PACE4 gene, PCSK6, influences the risk for
symptomatic knee OA.

Methods—Ten PCSK6 single nucleotide polymorphisms (SNP) were tested for association in a
discovery cohort of radiographic knee OA (n= 156 asymptomatic and 600 symptomatic cases).
Meta-analysis of the minor allele at rs900414 was performed in three additional independent
cohorts (total n=674 asymptomatic and 2068 symptomatic). Pcsk6 knockout (KO) mice and
wildtype C57BL/6 mice were compared in a battery of algesiometric assays, including
hypersensitivity in response to intraplantar substance P; pain behaviours in response to intrathecal
substance P; and pain behaviour in the abdominal constriction test.

Results—In the discovery cohort of radiographic knee OA, an intronic SNP at rs900414 was
significantly associated with symptomatic OA. Replication in three additional cohorts confirmed
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that the minor allele at rs900414 was consistently increased among asymptomatic compared to
symptomatic radiographic knee OA cases in all four cohorts. A fixed-effects meta-analysis yielded
an odds ratio =1.35 (95% CI 1.17, 1.56; p-value 4.3×10−5 and no significant between-study
heterogeneity). Studies in mice revealed that Pcsk6 knockout (KO) mice were significantly
protected against pain in a battery of algesiometric assays.

Conclusions—These results suggest that a variant in PCSK6 is strongly associated with
protection against pain in knee OA, offering some insight as to why in the presence of the same
structural damage, some individuals develop chronic pain and others are protected. Studies in
Pcsk6 null mutant mice further implicate PACE4 in pain.
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INTRODUCTION
Osteoarthritis (OA) is the most common joint disorder, affecting primarily the knees, hips,
hands, and spine [1]. Joint damage in OA includes cartilage erosion, subchondral bone
sclerosis, bone remodelling with osteophyte formation, and episodes of synovitis. Diagnosis
is based on radiographical changes - joint space narrowing, subchondral bone sclerosis and
osteophytes - accompanied by clinical symptoms, most prominently pain. A recent
American College of Rheumatology task force concluded that pain is the most common
symptom of patients with rheumatic disorders, including OA [2]. Pain is the major reason
for seeking medical care for OA, and knee OA continues to be the leading cause of impaired
mobility in the elderly in the United States [3].

As in most chronic pain conditions, the correlation between the extent of tissue damage and
symptoms appears weak [4, 5]. Particularly for knee OA, multiple studies have examined
the association between radiographic severity and pain, concluding that the correlation is
low [6]. It is well documented that people with severe radiographic OA may have no pain at
all, while conversely, people suffering from OA pain may have no detectable structural joint
changes [7–9]. This statement is flawed by current limitations in detecting and quantifying
structural changes in different joint tissues, as well as in assessing spontaneous pain and
pain-dependent measures in subjects with OA. Recent studies are finding a relationship
between specific radiographic changes and pain experienced by patients [10, 11].
Nevertheless, the correlation remains unimpressive, especially when the influence of
psychological and social factors and co-morbidity are taken into account [12, 13],
suggesting that the molecular pathways that mediate joint structural changes and those that
lead to chronic pain associated with those changes diverge as the pathology progresses.

Heritability studies in OA have focused almost exclusively on the genetic contribution to the
risk for radiographic OA of the knee, hip or hands [14–16]. Recent years have seen an
explosion of candidate gene and genome-wide association studies that have identified
susceptibility genes for radiographic OA [17]. In contrast, there has been a paucity of studies
on heritability and genetic determinants of symptomatic versus asymptomatic OA, although
it has been established that robust inter-individual variation in the susceptibility to pain
exists, and this is partially genetically determined [18, 19]. A handful of pain-relevant
genetic variants have been provisionally identified [18, 19], and some candidate “pain
genes” are currently being analyzed in symptomatic versus asymptomatic OA cohorts (see
discussion).

We recently reported a role for the serine protease, PACE4 (paired amino acid converting
enzyme 4), in the pathogenesis of OA [20, 21]. PACE4 belongs to the family of proprotein
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convertases that process latent precursor proteins into biologically active products through
cleavage at paired basic amino acid processing sites, which is essential for proteolytic
maturation of a wide variety of proteins, including growth factors, hormones, neuropeptides,
and zymogens [22]. PACE4 removes the prodomain of the proaggrecanases, pro-
ADAMTS-4 and pro-ADAMTS-5, in OA cartilage, thus activating these proteases. Active
ADAMTS-4 and ADAMTS-5 are responsible for proteolytic degradation of the major
cartilage macromolecule, aggrecan, which is a key pathological event in OA [23]. This
suggests that PACE4 represents a novel target for the development of OA therapeutics [20].
To assess whether PACE4 may also play a direct role in OA pain, we undertook analysis of
genetic variation in the gene that encodes PACE4, PCSK6. The aim of the current study was
two-fold: first, to assess if genetic variants in the PCSK6 gene are implicated in the risk for
symptomatic knee OA; and second, based on results of the human genetic assessment, to
explore a role for PACE4 in pain sensitivity, using Pcsk6 null mutant mice.

METHODS
Discovery Cohort

The Discovery Cohort consisted of 600 OA cases and 432 controls, all Caucasian subjects.
OA cases were derived from three Pfizer-sponsored phase II/III clinical trials in the US and
the UK, with radiologically confirmed painful radiographic knee OA (designated “ROA/
Pain”). The entire control cohort (n= 432) was collected from a single site in Canada,
enrolling asymptomatic controls. Of those 432 asymptomatic subjects, 276 were
radiographically negative in both knees, K/L = 0 (designated “No ROA/No Pain”) and 156
showed radiographic evidence of knee OA (K/L ≥ 1) in the absence of pain (designated
“ROA/No Pain”) (Fig. 1). Details on X-ray findings and pain assessment are listed in the
online supplementary section. Descriptive characteristics of the Discovery Cohort are in
Table 1A.

Replication Cohorts
Four independent study cohorts were included in the meta-analysis: (1) The Discovery
Cohort; (2) The Genetics of Osteoarthritis and Lifestyle (GOAL) Study; (3) The Clearwater
Osteoarthritis Study (COS); (4) The Chingford Study. For consistency between cohorts, the
radiographic definition of knee OA was K/L grade ≥2. Details on each of the study cohorts,
X-ray findings, and pain assessment are listed in the online supplementary section.
Descriptive characteristics of all 4 cohorts are summarized in Table 1B.

Laboratory Methods
Genomic DNA was extracted from peripheral blood (Discovery Cohort, GOAL and
Chingford) or from buccal swabs (COS) using standard protocols. For the Discovery Cohort,
SNPs were genotyped using the Taqman assay with supplied or custom probes and primers
(Table S1) (Applied Biosystems, CA USA). Reactions were analyzed using a 7900HT
Sequence Detection System. DNA samples from all subjects in the Discovery Cohort were
genotyped on the same day and randomly placed across plates. A subset was tested by
sequencing to ascertain that the genotype data were accurate. Genotyping of the rs900414
SNP in the replication cohorts was carried out by Kbioscience Ltd, Hertfordshire UK (Table
1B), by using the KASPar chemistry, a competitive allele-specific PCR SNP genotyping
system. The polymorphism was in Hardy-Weinberg equilibrium in controls in all three
additional cohorts (p>0.05).
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Statistical Analysis
Association between SNPs and knee OA was initially assessed in the Discovery Cohort by
logistic regression models using two different kinds of binary phenotypic variables"Pain”
and “Radiographic OA”. The “Pain” variable was defined as “symptomatic OA (K/L≥1 with
pain, designated “ROA/Pain”, n=600)” vs. “asymptomatic OA (K/L≥1 without pain,
designated “ROA/No Pain” n=156)”. The “Radiographic OA” variable was defined as
symptomatic OA (“ROA/Pain”, n=600)” vs. “K/L=0 and no pain, designated “No ROA/No
Pain”, (n=276)” (Fig.1). In the logistic regression models, genotype at rs900414 was treated
as a 3-level categorical variable. Two covariates, sex and BMI, were included. For the meta-
analysis, radiographic OA was defined as K/L ≥ in the Discovery Cohort, to be consistent
with other cohorts. Also for consistency, an additive mode of inheritance was assumed for
rs900414 and this variable was treated as a numeric variable with values 0, 1 and 2. In
addition, two more covariates, age and K/L grade, were included in the logistic regression
models. The natural logarithm of the odds ratio (OR) and its standard error were estimated
independently within each study adjusted for age, gender, BMI and, in the case of
asymptomatic versus symptomatic cases, for K/L grade (the maximum for radiographic OA
cases, the pre-surgical grade for the index knee in TKR cases). Meta-analyses of data from
these different cohorts were performed using R version 2.10.1 (The R Foundation for
Statistical Computing; http://www.rproject.org). Heterogeneity was evaluated using the
variance for heterogeneity τ2 and Cochran’s Q test. Random effects models were not used as
no significant heterogeneity was seen for any of the analyses (τ2<0.02, p>0.20).

Mice
Subjects were naïve, adult (2–6 month old) C57BL/6J mice of both sexes [24], either wild
type (WT) or Pcsk6 null mutant (knockout; KO) mice, maintained on a fully congenic
C57BL/6 background. Pcsk6 KO mice were obtained from Dr. Daniel Constam (Ecole
Polytechnique Fédérale de Lausanne, Lausanne, Switzerland) on a hybrid 129S6×C57BL/6J
background [25] and backcrossed onto C57BL/6 for at least 10 generations. Mice were
maintained in a controlled environment as described [26]. They were assessed for their
sensitivity on a battery of acute/tonic nociceptive assays similar to that described in [26],
including:

Mechanical Allodynia in response to intraplantar administration of substance P
Mice were placed in Plexiglas cubicles (5 cm wide × 8.5 cm long × 6 cm high) on a metal
grid floor above an automated von Frey apparatus (Ugo Basile, Italy). Activation of the
apparatus initiated the extension of a metal probe to contact the plantar surface of the hind
paw. The computer was programmed to apply a 10-s ramp to a maximum force of 20 g.
Withdrawal of the hind paw from the probe caused a retraction of the probe and displayed
the threshold force. Three baseline withdrawal thresholds per hind paw were measured.
Mice were then given an intraplantar injection (20 µl volume) of substance P (2.5, 5 or 10
µg) (Sigma, St. Louis MO) into the right hind paw. Post-injection withdrawal thresholds
were measured at 5-min intervals for 20 min. For the purposes of constructing dose-response
curves, percentages of maximum possible allodynia were calculated by comparing total
allodynia displayed by each mouse over the 20-min testing period (using the method of
trapezoids) to that of a subject with the same average baseline and maximum postinjection
responses (i.e., withdrawal thresholds of 0 g) at every time point. Using this dependent
measure, half-maximal effective doses (ED50 values) and 95% confidence intervals (CIs)
were calculated using the method of Tallarida and Murray [27], implemented by FlashCalc
40.1® software (M. Ossipov, University of Arizona). Statistical significance at p<0.05 was
established via non-overlapping 95% CIs.
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Thermal Hyperalgesia in response to intraplantar administration of substance P
Thermal hyperalgesia in response to intraplantar substance P was assessed as described [28,
29].

Spontaneous pain behavior in response to intrathecal administration of substance P
Mice were placed in a clear Plexiglas cylinder (15 cm diameter×30 cm high) for
observation. After habituation, mice were lightly restrained in cloth and given intrathecal
injections of substance P (5, 15 or 45 ng/mouse in 5 µl saline) with a 25 µl Hamilton
microsyringe and a 30-gauge needle. This triggers a caudally directed scratching, biting and
licking response [30]. Immediately following intrathecal injection, mice were returned to
their observation cylinders. Directed activity toward either hindpaw (scratching, biting or
licking) was counted for the next 60 s. Data were analyzed by two-way ANOVA
(genotype×dose).

Abdominal Constriction Test
Writhing in response to intraperitoneal acetic acid was measured as previously described
[31].

RESULTS
Discovery Study

The Discovery Cohort was used to test 10 SNPs that were roughly equally spaced across the
entire PCSK6 gene for association with OA and pain using logistic regression adjusting for
sex and BMI. The genetic analysis was performed using radiographic OA (K/L ≥1) without
pain and with pain as separate phenotypes. The strongest association was detected at SNP
rs900414 with the dichotomized phenotype of “ROA/Pain” (n= 600) vs. “ROA/No Pain”
(n=156), with an unadjusted p-value of 0.0002 (Table 2) and a p-value adjusted for multiple
testing of 0.008. The adjusted p-value was obtained through permutation testing. An
unadjusted p-value of 0.025 was obtained at this same SNP for the association with the
phenotype of “ROA/Pain” (n=600) vs. “No ROA/No pain” (n = 276), but this association
was not significant after adjusting for multiple testing. Due to the limited LD across this
region, the % of variation captured with these SNPs is very low (<10%). In order to get a
better definition of LD around 900414, an additional 6 SNPs surrounding rs900414 were
selected to further refine the association, and rs900414 remained the most significant (Table
S2). Genotype numbers for rs900414 by cases and controls in the Discovery Cohort are
shown Table S3. For the risk of experiencing pain in the presence of radiographic knee OA,
the OR between genotype T/T and C/C at rs900414 was 3.12 with a 95% confidence interval
of (1.75, 5.59), and the OR between genotype T/C and C/C was 3.48 with a 95% confidence
interval of (1.90, 6.36) (Table S3). This marker was out of Hardy-Weinberg Equilibrium
(HWE) in the “ROA/No pain” group only (p=0.001) while maintaining HWE in both the
“ROA/Pain” and “No ROA/No Pain” populations, which may further corroborate that SNP
rs900414 is associated with OA pain, because this “ROA/No Pain” group was selected for
subjects with radiographic knee OA who had no pain. Moreover, we found that this SNP
was not in strong LD (r2<0.4) with any other SNP nearby (Fig.S1).

Meta-analyses
We assessed whether the association of rs900414 with asymptomatic versus symptomatic
knee OA could be replicated in three more independent cohorts. In a meta-analysis of all
four cohorts, radiographic knee OA was defined as K/L ≥ 2 with or without symptoms. In all
four cohorts, the minor allele at rs900414 was significantly associated with symptomatic OA
and consistently increased among asymptomatic ROA cases, compared to symptomatic knee

Malfait et al. Page 5

Ann Rheum Dis. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



OA (Figure 2). An unadjusted fixed-effects meta-analysis yielded a per allele OR=1.35 with
a 95% CI (1.17, 1.56) and a p-value of 4.5 × 10−5. The heterogeneity variance was τ2=0.007
(p=0.28). When adjusted for age, sex, BMI and K/L grade, the OR remained 1.33, with a
95% CI (1.12, 1.57), a p-value= 0.00093, and a heterogeneity variance τ2=0.016 (p= 0.222).
When analysed separately, the association was significant both in K/L=2 and K/L ≥ 3
radiographic knee OA (not shown). In order to ensure that the high OR in the discovery
cohort was not biasing the effect size in the meta-analysis, a separate analysis was
performed on the three replication cohorts combined. Meta-analysis of the three replication
cohorts alone was still statistically significant, although smaller, with an OR=1.26 (95% CI
1.06,1.48; p=0.0065) for the unadjusted analysis and OR=1.21 (95% CI 1.00,1.46;
p=0.0488) for the analysis adjusted for age, sex and BMI.

Algesiometric assays in WT and Pcsk6 KO mice
Based on the observed genetic association of the PCSK6 gene with the absence or presence
of pain in knee OA, we tested the hypothesis that PACE4 may influence pain sensitivity,
comparing WT and Pcsk6 KO mice on a battery of acute/tonic nociceptive assays [26]. We
present those assays displaying a significant KO phenotype in Fig. 3; all other data are in
Table S4. Intraplantar injection of substance P resulted in a dose-dependent induction of
mechanical allodynia in WT mice (Fig. 3A) (ED50: 7.0 µg; 95% CI: 4.7 – 10.3 µg), while
Pcsk6 KO mice were significantly protected (ED50: 17.4 µg; 95% CI: 11.2 – 82 µg).
Similarly, substance P induced a dosedependent thermal hyperalgesia (Fig. 3B) in WT mice
(ED50: 16.8 µg; 95% CI: 11.7 – 24.1 µg), whereas Pcsk6 KO mice were significantly
protected (ED50: 195 µg; 95% CI: 35.0 – >1000 µg). For both mechanical and thermal
allodynia, no changes from baseline were noted in the contralateral hind paw (not shown).
Intrathecal injection of substance P resulted in a dose-dependent induction of spontaneous
pain behaviors (scratching, biting and licking; Fig. 3C) in WT but not in KO mice
(genotype×dose: F2,56 = 16.9 p<0.001). Finally, KO mice showed significantly less pain
behavior than WT mice in the abdominal constriction test (Fig. 3D), both at 0.6% and at
0.9% acetic acid (both p<0.05).

DISCUSSION
Twin study-derived heritability estimates ranging from 35% to 65% have been reported for
knee pain [32], low back pain and neck pain [33]. The presence or absence of chronic pain
in patients with joint damage is likely to be partly determined by a combination of genetic
variations. Currently, however, only three reports in the literature describe SNPs that are
differentially associated with symptomatic versus asymptomatic OA. In one study, van
Meurs et al. [34] describe a functional variant in the catechol-O-methyltransferase (COMT)
gene associated with hip pain in women with radiographic hip OA. This SNP (V158M)
results in lower activity of COMT, and had been previously associated with increased pain
sensitivity in other chronic musculoskeletal pain states, including fibromyalgia [35]. The
association of this COMT variant with painful hip OA was only present in women, and is
awaiting replication. In another data set, Reimann et al. [36] identified a SNP in the SCN9A
gene, which encodes the α subunit of the Nav1.7 voltage-gated sodium channel, a protein
that has been strongly implicated in pain [37]. The SNP confers an R1150W amino acid
substitution that was associated with altered pain thresholds in several diseases, including
higher pain scores in OA [36]. This association failed to replicate when tested in three
independent cohorts with knee OA, although the high pain variant was significantly
associated with increased risk of chronic widespread pain [38]. Finally, it was recently
reported that the Ile585Val variant in the gene encoding transient receptor potential cation
channel, subfamily V, member 1 (TRPV1), a genotype that is generally associated with
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lower pain sensitivity, is significantly associated with a decreased risk of painful knee OA
[39].

Given the number of false positive genetic association reports, replication of genetic studies
is extremely important [17]. Meta-analysis of results from different cohorts provides a
quantitative approach for combining results of various studies to estimate the true genetic
risk conferred by any variant in human disease [40]. The current study suggests that the
rs900414 SNP in PCSK6 is strongly associated with protection against pain in knee OA, K/
L ≥ 2, with an OR= 1.33, a 95% CI (1.16, 1.52) and a p-value of 3.52 × 10−5. The overall
sample size was relatively small, particularly for asymptomatic cases, but the association is
stronger than any of the hitherto reported associations of known pain genes with OA
symptoms, and was replicated in four independent knee OA cohorts. An important limitation
to this kind of study is that “asymptomatic” is defined as absence of symptomatic OA,
which in 2 of the 4 cohorts is defined as “joint pain on more than 50% of the month”. While
this is a generally accepted inclusion criterion for symptomatic OA, it means that there may
pain in these asymptomatic subjects, and going forward, studying genetic variation in large
cohorts should aim at carefully describing different levels of pain.

PCSK6 is upstream from CHSY1, the gene that encodes chondroitin sulphate, which is
commonly used in OA for its anti-inflammatory properties. Therefore the extent of LD
between the SNPs tested in our study, and in particular rs900414, was assessed by HapMap,
and was found not to extend to CHSY1.

PACE4 is broadly expressed, notably in the liver and central nervous system – especially the
pituitary, cerebellum, and spinal cord [41–43] (and unpublished observations in humans).
The human PCSK6 gene, located on chromosome 15q26.3 (chromosome 7 in mice), spans
at least 250 kb and is distributed over 25 exons, with strikingly large introns, making it the
largest gene in this family [44]. Different splice variants of PACE4 have been identified,
with different distribution [45]. For example, the full length PACE4A is encoded by a
cDNA that lacks exon 23, resulting in a secreted form of the enzyme, while the cDNA
containing exon 23 encodes the intracellular PACE4E isoform. Exon 23 encodes a
hydrophobic cluster that causes retardation of PACE4 secretion [46]. The rs900414 SNP is
located in the intron between exons 22 and 23, and might thus be involved in controlling
splice variation. Despite the lack of an obvious functional correlate, we decided to
investigate pain in Pcsk6 KO mice. No genotype differences were observed in any acute
thermal or mechanical assays (Table S4), except for a marginal difference on the manual
von Frey test. The use of tonic, chemical/inflammatory assays revealed genotype differences
in the abdominal constriction and substance P assays, but not in the formalin and capsaicin
tests. The transduction mechanisms in the latter tests involve TRPA1 and TRPV1 channels,
respectively [47–49], and the lack of a null mutant phenotype in these tests would seem to
preclude a direct interaction between PACE4 and these receptors. On the other hand,
findings may suggest a direct interaction between PACE4 and the substance P/neurokinin-1
(NK1) signalling pathway. Substance P and its NK1 receptor may play a role in mediating
pain in the abdominal constriction test. Writhing sensitivity in Tac1 (preprotachykinin-1; the
substance P precursor) KO mice was decreased significantly in one study [50] and was also
decreased, albeit non-significantly, in another [51]; to our knowledge the Tacr1
(neurokinin-1 receptor) KO mouse has never been tested on the abdominal constriction test.

In conclusion, the current study identifies a variant in the PCSK6 gene that confers
protection against pain in subjects with radiographic knee OA. This is important for two
reasons. First, identifying genetic variation in symptomatic versus asymptomatic
subpopulations in subjects with radiographic knee OA will enable a much-needed
stratification of patient cohorts for the design of clinical trials in OA. Second, in
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combination with the murine findings, this study suggests a functional role for PACE4 in
pain generation. Further studies will define this role, and the potential interaction between
PACE4 and substance P/NK1. Taken together, the current findings offer some insight as to
why, in the presence of the same structural damage, some individuals develop chronic pain
and others are protected. Such insight may well lead to the development of new analgesic
strategies. The finding that PACE4 has now been reported to play a role in symptoms
associated with OA as well as in cartilage degradation may indicate a common pathway for
these pathological processes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic representation of the Discovery Study layout.
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Figure 2.
Forest plot of fixed-effect OR estimates and 95% CI for the association between the T allele
at rs900414 of the PCSK6 gene and the risk of symptomatic versus asymptomatic knee
osteoarthritis.
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Figure 3.
Algesiometric assays in wild type and Pcsk6 null mutant C57BL/6 mice. (A) Mechanical
allodynia after intraplantar injection of substance P in WT mice (ED50: 7.0 µg; 95% CI: 4.7
– 10.3 µg) and Pcsk6 null mice (ED50: 17.4 µg; 95% CI: 11.2 – 82 µg); (B) Thermal
hyperalgesia in response to intraplantar substance P in WT mice (ED50: 16.8 µg; 95% CI:
11.7 – 24.1 µg) and Pcsk6 KO mice (ED50: 195 µg; 95% CI: 35.0 – >1000 µg). ; (C)
Spontaneous pain behaviours, including scratching, biting, and licking, in response to
intrathecal substance P; (D) Writhing in response to intraperitoneal injection of acetic acid.
Data are represented as mean ± SEM.
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Table 1A

Descriptive characteristics of study subjects included in the discovery study

Symptomatic knee OA* n=600 “ROA/Pain”

Age, years mean (SD) 60.5 (8.3)

Gender, % female 61.7%

BMI kg/m2 mean (SD) 32.4 (7.2)

WOMAC mean (SD) 9.2 (4.1)

Asymptomatic knee OA* n= 156 “ROA/No Pain”

Age, years mean (SD) 61.3 (5.5)

Gender, % female 57.7%

BMI kg/m2 mean (SD) 27.3 (4.4)

WOMAC mean (SD) NA

No radiographic knee OA n= 276 “No ROA/No Pain”

No pain

Age, years mean (SD) 59.2 (4.2)

Gender, % female 77.9%

BMI kg/m2 mean (SD) 25.1 (3.7)

WOMAC mean (SD) NA

Table 1B. Descriptive characteristics of study subjects included in the meta-analysis

Discovery GOAL COS Chingford

Symptomatic knee OA** n=352 n=1569 n=85 n=62

Age, years mean (SD) 62.8 (9.0) 68.4 (7.2) 65.6 (8.3) 65.7(5.8)

Gender, % female 61.4% 49.1% 66.7% 100%

BMI kg/m2 mean (SD) 32.7(6.8) 30.8 (5.4) 29.1 (5.1) 26.7 (3.4)

WOMAC mean (SD) 10(3.1) 5.3 (4.7) N/A N/A

CC 6.3% 7.5% 7.6% 9.7%

CT 40.9% 42.0% 42.4% 37.1%

TT 52.8% 50.5% 50.0% 53.2%

Asymptomatic knee OA** n= 127 n=298 n=92 n=157

Age, years mean (SD) 61.4(5.7) 67.7 (7.3) 64.0 (9.8) 65.7(5.9)

Gender, % female 59.8% 43.0% 54.6% 100%

BMI kg/m2 mean (SD) 27.5 (4.6) 28.5 (4.9) 26.1 (4.7) 26.2 (4.4)

WOMAC mean (SD) N/A 0.6(1.8) N/A N/A

CC 21.3% 9.6% 12.0% 12.3%

CT 35.4% 47.4% 48.2% 35.2%

TT 43.3% 43.0% 39.8% 52.5%

No radiographic knee OA no pain n=296 n=743 N/A n=527

Age, years mean (SD) 59.3 (4.2) 67.7 (7.3) N/A 62.9 (5.7)

Gender, % female 76.0% 43.0% 100%

BMI kg/m2 mean (SD) 25.2 (3.7) 28.5 (4.9) N/A 24.7 (3.6)

WOMAC mean (SD) N/A 0.6(1.8) N/A N/A
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Table 1B. Descriptive characteristics of study subjects included in the meta-analysis

Discovery GOAL COS Chingford

CC 14.6% 7.3% N/A 9.3%

CT 42.3% 39.8% N/A 41.0%

TT 43.1% 52.9% N/A 49.7%

*
radiographic knee OA defined as K/L ≥ 1

**
radiographic knee OA defined as K/L ≥ 2
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