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Objective: To investigate the association between biochemical markers of bone, cartilage, and synovial
turnover with the presence and severity of knee osteoarthritis (OA) in men.
Methods: 176 men aged 59–70 years from the MRC Hertfordshire Cohort were studied. Weightbearing
anteroposterior and lateral semiflexed radiographs were taken of both knees. A lifestyle questionnaire
including basic demographic details and a questionnaire detailing knee pain was completed. This random
sample was stratified based on the Kellgren and Lawrence (K&L) score, and the following biochemical
markers were analysed: serum osteocalcin, serum C-terminal crosslinked telopeptide of type I collagen
(CTX-I), urinary C-terminal crosslinked telopeptide of type II collagen (CTX-II), and urinary glucosyl-
galactosyl-pyridinoline (Glc-Gal-Pyd).
Results: Age, body mass index (BMI), social class, smoking, and alcohol consumption were similar across
K&L grades. Only one subject had a grade 4 K&L score, and was amalgamated with grade 3 subjects. A
strong significant association was found between the presence of knee OA and urinary CTX-II and urinary
Glc-Gal-Pyd (p = 0.0001 and p = 0.009), which persisted after adjustment for age and BMI. A significant
positive association was also found between urinary CTX-II and urinary Glc-Gal-Pyd and the severity of
K&L grade, joint space narrowing, and osteophytes scores, which persisted after adjustment for age and
BMI. No associations between the presence and severity of knee OA were found for serum CTX-I or serum
osteocalcin.
Conclusions: Urinary CTX-II and Glc-Gal-Pyd, but not systemic markers of bone turnover, are strongly
associated with disease severity and the presence of OA at the tibiofemoral and patellofemoral joints in
men.

O
steoarthritis (OA) is the most common form of
arthritis in Western populations. OA of the knee, the
principal joint affected, results in disabling knee

symptoms in an estimated 10% of the UK population older
than 55 years, a quarter of whom are severely disabled.1 The
risk of disability attributable to knee OA alone is as great as
that from cardiac disease and greater than that from any
other medical disorder in the elderly.2 Radiographic evidence
of knee OA in men and women aged over 65 years is reported
in 30% of subjects,3 around one third of whom are
symptomatic. A recent World Health Organisation report on
the global burden of disease indicates that knee OA is likely
to become the fourth most important global cause of
disability in women and the eighth most important in men.4

Biochemical markers are molecules of connective tissue
matrices, which are released into the systemic circulation
during tissue turnover. Several biochemical markers have
been identified for bone, cartilage, and synovium turnover in
humans. It has been suggested that biochemical markers
may be useful in identifying those subjects at risk of OA
progression and also as instruments to assess therapeutic
responses in clinical trials, as radiographic change is often
very slow and an unreliable measure of progression.

Many biochemical markers have been investigated in
association with both radiographic progression of OA and
prevalent disease, often with conflicting results and include
collagen type II markers, collagen cross links, hyaluronan,
proteoglycan markers, cartilage oligomeric matrix protein
(COMP), matrix metalloproteinases, and inflammatory

markers.5–9 COMP, a marker of cartilage destruction has
been the subject of most interest and promise; inconsistency
in study data with COMP remains and there are controversies
about its prognostic use. Some studies have shown a positive
association with knee OA progression10 and prevalent
disease,11 12 whereas others have shown poor correlation with
joint space narrowing (JSN)13 and progression.14

Furthermore, it has been shown that COMP varies with
age,11 12 15 ethnicity,15 and is not specific for cartilage, being
present in synovium, meniscus, ligament, and tendon.16

More recently, a marker which reflects type II collagen
turnover, the hallmark of OA, urinary C-telopeptide of type II
collagen (CTX-II) and a marker more specific for synovial
tissue turnover, glucosyl-galactosyl-pyridinoline (Glc-Gal-
Pyd),17 have been developed. These assays measure specific
cross links of collagen that form the framework of cartilage
and synovium matrices and are therefore more likely to
reflect the destruction of these tissues specifically. Neither of
these markers is affected by body weight.18 Urinary CTX-II
and Glc-Gal-Pyd have been shown to be associated with the
degree of cartilage loss of the tibiofemoral compartment in
patients with knee OA, predominantly in female subjects.18

However, the associations between these two biochemical
markers with other features of joint damage—including

Abbreviations: BMI, body mass index; COMP, cartilage oligomeric
matrix protein; CTX-I, CTX-II, C-telopeptide of type I or II collagen; CVs,
coefficients of variation; IQR, interquartile range; JSN, joint space
narrowing; K&L, Kellgren and Lawrence; OA, osteoarthritis; OC,
osteocalcin; PF, patellofemoral; TF, tibiofemoral
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osteophytes— and at the patellofemoral compartment in men
remain to be investigated.

In this study we analysed the relationship of these two
specific biochemical markers, and also conventional mea-
sures of bone turnover (osteocalcin and serum C-telopeptide
of type I collagen (CTX-I)), with radiographic knee OA in a
cross sectional study using an established cohort of male
subjects, the Hertfordshire Cohort.

PATIENTS AND METHODS
Patients
The Hertfordshire Cohort Study is a population based cohort
study in the United Kingdom. Details of the study design
have been published previously.19 In brief, 498 male subjects
who had taken part in a home interview and clinic visit,
between January 1999 and April 2001 returned for a dual x
ray absorptiometry scan and knee radiography (knee radio-
graphy was not conducted in three subjects). A detailed
lifestyle questionnaire was administered at the home inter-
view, and blood and urine samples were taken at the clinic
visit. All subjects who had knee radiography were subse-
quently mailed a questionnaire about knee pain.

A random sample of 176 of these subjects, stratified by
Kellgren and Lawrence (K&L) grade, were selected for
biochemical marker analysis. In selecting our subjects for
each K&L grade, we attempted to include subjects in each
group with concordant K&L scores in each knee and where
this was not possible, K&L was graded on the worst knee.
Given the larger number of grade 0 and 1 K&L radiographic
knee scores within the larger cohort from which the
biochemical marker group was drawn, concordance was very
good (grade 0: 100%; grade 1: 90%). However, for grade 2 and
over, subject numbers were smaller and concordance poorer
(grade 2: 33%; grade 3: 28%); for grades 3 and 4, subjects
were combined owing to the small numbers available.

Radiographs
Weightbearing anteroposterior and lateral semiflexed radio-
graphs of both knees were taken at the same hospital using
the same radiographic equipment; a standard tube to film
distance of 100 cm was used. Radiographs were performed at
a median duration of 6 months (interquartile range (IQR)
4.8–7.2) after the clinic visit. Subjects who were taking or had
previously had bisphosphonate treatment were excluded.

Radiographs were graded at the tibiofemoral and patello-
femoral joints for osteophytes, JSN, and sclerosis individually
using a standard atlas20 and the K&L score was determined.21

One trained reader (PB) graded the radiographs. A grade of
>2 osteophyte score or JSN score was defined as definite
osteophyte or definite JSN and K&L grade >2 was defined as
definite OA.

A summative score for total osteophytes was calculated by
adding the individual osteophyte scores together for each
subject (right and left lateral tibiofemoral, right and left
medial tibiofemoral, and right and left patellofemoral joints).
The minimum score obtainable was 0 and the maximum 18.

A summative score for total JSN was also calculated by
summing the individual JSN scores for each subject (right
and left lateral tibiofemoral, right and left medial tibiofe-
moral, and right and left patellofemoral joints). The mini-
mum score obtainable was 0 and the maximum 18.

Biochemical markers
Fasting blood samples and early morning urine samples were
obtained from all subjects at clinic visit. All biological
samples were frozen at 280 C̊ until assayed.

Table 1 Baseline characteristics of biochemical marker subset

Characteristic
All subjects in cohort
(n = 176)

Knee K&L grade

p Value0 (n = 48) 1 (n = 49) 2 (n = 49) 3/4 (n = 30)

Age (years)* 64.8 (2.5) 64.7 (2.5) 64.3 (2.6) 65.1 (2.6) 65.0 (2.6) 0.64
BMI (kg/m2)� 27.4 (1.1) 27.1 (1.2) 27.1 (1.1) 27.6 (1.1) 27.9 (1.1) 0.32
Smoker`

Never 57 (32) 13 (27) 16 (33) 17 (35) 11 (37) 0.58
Ex 92 (52) 23 (48) 27 (55) 25 (51) 17 (57)
Current 27 (15) 12 (25) 6 (12) 7 (14) 2 (7)

Alcohol (units/wk)* 16.2 (14.9) 17.2 (14.8) 17.6 (16.7) 13.0 (11.0) 17.8 (17.1) 0.39
Social class`

Non-manual 62 (35) 19 (40) 19 (39) 16 (33) 8 (27) 0.87
Manual 104 (59) 26 (54) 26 (53) 31 (63) 21(70)

*Mean (SD); �geometric mean (SD); SDs calculated from loge transformed distribution; `number (percentage).
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Figure 1 Biochemical markers and absence/presence of tibiofemoral
and patellofemoral OA.
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Markers of bone turnover
Serum total osteocalcin (OC), a specific marker of bone
formation, was measured by a two site assay of both intact
and N-mid-peptide using an automatic system (Elecsys;
Roche Diagnostic, Manheim, Germany). Measuring N-mid-
peptide—the main proteolytic fragment of OC—allows for
the potential degradation of OC in vitro and the determina-
tion of precise measurements. Intra- and interassay coeffi-
cients of variation (CVs) are ,2.5% and ,3%, respectively.

Serum b isomerised C-terminal crosslinking telopeptide of
type I collagen (CTX-I) was determined with an automated
system (Serum Crosslaps, Elecsys; Roche Diagnostic). This
serum resorption marker assay uses two monoclonal anti-
bodies raised against a synthetic 8 amino acid peptide with
an amino acid sequence specific for a part of the C-
telopeptide of the a1 chain of type I collagen (Glu-Lys-Ala-
His-bAsp-Gly-Gly-Arg). Intra-and interassay CVs are ,8%.

Markers of carti lage turnover
Urinary CTX-II was measured by enzyme linked immuno-
sorbent assay (ELISA) based on a monoclonal antibody
raised against a linear six amino acid epitope of CTX-II. Intra-
and interassay CVs are ,8% and ,10%, respectively.22

Markers of synovitis
Urinary Glc-Gal-Pyd, a specific marker of degradation of type
I and type III collagens found in the synovium tissue, was
measured on non-hydrolysed samples by high performance

liquid chromatography. Intra- and interassay variations are
,8% and ,11%, respectively.17

Statistical analysis
The STATA statistical software package, release 8.0, was used
for the analyses.

Analysis of variance and tests for linear trend were used to
explore the associations between the continuously distrib-
uted biochemical markers and osteophytes or JSN, with and
without adjusting for the confounders detailed below.
Multivariate logistic regression analysis was used, with and
without adjusting for confounders, to examine the associa-
tion between the binary knee OA variable and biochemical
markers and adult lifestyle variables.

The biochemical markers osteocalcin, CTX-I, and CTX-II
had skewed distributions and were loge transformed for
analysis; geometric means and standard deviations are
therefore displayed for these assays.

Potential confounders investigated were sex, age, weight,
height, body mass index (BMI), smoking habit, alcohol
consumption, and social class (according to standard
occupational classification determined by economic activity
status, and occupation status in employment and industry).23

Power calculations were carried out to assess the numbers
required within each group to have sufficient power to detect
a difference. Assuming a sample size of 176, there was 84%
power at the 5% statistical significance level to declare a
difference between K&L groups 0/1 (n = 62) and K&L 2–4
(n = 114) for Glc-Gal-Pyd and 97% power at the 5% statistical
significance level for CTX-II.

RESULTS
Clinical characteristics
The prevalence of K&L grade in the complete knee radio-
graph cohort (using the worst knee as the index knee) was:
grade 0, n = 99 (19.9%); grade 1, n = 188 (37.8%); grade 2,
n = 177 (35.5%); grade 3, n = 30 (6%); grade 4, n = 1 (0.2%).

Demographic details of the biochemical markers subsets
did not differ from those of the whole group with a knee
radiograph. Across the different grades of K&L in the study
group, there were no statistical differences for age, weight,
height, BMI, smoking habit, alcohol intake, or social class
(table 1).

Assessing individual characteristics, we found the correla-
tion between osteophytes and JSN using Spearman’s
correlation was rs = 0.6. The correlation between CTX-II and
Glc-Gal-Pyd was also strongly significant with Pearson’s
correlation coefficient r = 0.31.

Biochemical markers and K&L scores
Urinary CTX-II and Glc-Gal-Pyd were significantly associated
with presence of knee radiographic OA as graded by
tibiofemoral (TF) K&L score (fig 1). Both markers were
significantly increased with escalating severity of TF grade
also (fig 2). All associations were independent of age and
BMI. No associations were found between OC or CTX-I and
presence or severity of TF knee OA.

Urinary CTX-II and Glc-Gal-Pyd were also significantly
associated with presence of knee radiographic OA as graded
by patellofemoral (PF) K&L score. These associations
persisted after adjustment for age and BMI (fig 1). No
associations were found between OC or CTX-I and the
presence of PF knee OA.

Both CTX-II and Glc-Gal-Pyd were found to have
independent effects, of strikingly similar magnitude, on the
odds of having a high K&L grade. A mutually adjusted
logistic model for K&L score on these two variables yielded
odds ratios of 1.6 per SD increase in CTX-II (p = 0.01) and
1.58 per SD increase in Glc-Gal-Pyd (p = 0.02).

24

22

20

18
0

p = 0.90

O
ste

oc
al

ci
n 

(n
g/

m
l)

0 1 2 3/4

0.32

0.28

0.24

0.20
0

p = 0.73

C
TX

-I 
(n

g/
m

l)

0 1 2 3/4

260

220

180

140
0

p = 0.001

C
TX

-II
 (n

g/
m

m
ol

 c
re

at
) 

0 1 2 3/4

5.5

5.0

4.0

4.5

3.5
0

p = 0.007

Tibiofemoral K&L grade

G
lc

-G
al

-P
yd

(n
m

ol
/m

m
ol

 c
re

at
)

0 1 2 3/4

Figure 2 Biochemical markers and increased severity of radiographic
tibiofemoral OA.
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There was significant overlap between the presence of TF
and PF OA: 62.5% were concordant for the absence/presence
of OA at these two sites, 19.9% had isolated PF OA, and 16%
had isolated TF OA. In those subjects with isolated TF OA, the
increase in CTX-II and Glc-Gal-Pyd reached borderline
significance (p = 0.02 and p = 0.06, respectively) and a
similar magnitude of effect was seen for osteophytes in
isolated TF disease (p = 0.02 and p = 0.10 respectively). In
subjects with isolated PF OA, Glc-Gal-Pyd was significantly
increased (p = 0.04) (fig 3).

Biochemical markers and osteophytes
Urinary CTX-II and Glc-Gal-Pyd were significantly raised in
subjects with radiographic knee osteophytes; associations
remained after adjustment for age and BMI (table 2). No
associations were found between OC and CTX-I and the
presence of osteophytes at the knee.

The summative score for osteophytes at the knee ranged
from 0 to 15 (median 4, IQR 0–6). There were significant
positive associations for CTX-II and Glc-Gal-Pyd with
increasing osteophyte summative score (p,0.0001 for both)
and this was independent of age and BMI (fig 4A). No
associations between summative osteophyte score and OC or
CTX-I were found.

Biochemical markers and JSN
Urinary CTX-II and Glc-Gal-Pyd were significantly increased
in subjects with radiographic knee JSN, and significance
remained after adjustment for confounders (table 2). No
associations were found between OC and CTX-I.

The summative score for JSN at the knee ranged from 0 to
11 (median 2, IQR 0–3). There were significant positive
associations between CTX-II and Glc-Gal-Pyd with increasing
summative JSN score (p = 0.004 and p,0.0001, respectively)
(fig 4B), which were independent of age and BMI.

There was a suggestion of a plateau effect with no apparent
increase and a possible decrease in CTX-II level above a
summative JSN score of 6. Neither OC nor CTX-I were
associated with the summative JSN score.

DISCUSSION
In this study of men, we found that new, specific biochemical
markers of cartilage degradation (CTX-II) and synovial
turnover (Glc-Gal-Pyd) were significantly associated with
both the presence and severity of knee OA as measured by
osteophyte formation, JSN, and also, overall K&L grade at
the tibiofemoral and patellofemoral joints. However, we
found no significant association between any measure of
knee OA and biochemical markers of bone metabolism.
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Table 2 Biochemical marker according to presence/absence of osteophytes and joint space narrowing

Biochemical marker

Osteophyte score JSN score

0/1 2–3 p Value 0/1 2–3 p Value

Osteocalcin (ng/ml)* 19.21 (1.43) 19.25 (1.35) 0.89
0.89`

19.18 (1.32) 19.02 (1.33) 0.91
0.85`

CTX-I (ng/ml)* 0.24 (1.67) 0.24 (1.62) 0.92
0.68`

0.24 (1.66) 0.24 (1.62) 0.98
1.0`

CTX-II (ng/mmol Cr)* 150.0 (1.6) 203.0 (1.7) 0.0002
,0.0001`

151.8 (1.61) 216.39 (1.96) 0.007
0.01`

Glc-Gal-Pyd (nmol/mmol Cr)� 4.25 (1.5) 4.72 (1.3) 0.002
0.007

4.14 (1.49) 4.96 (1.04) 0.01
0.01`

*Geometric mean (SD); SDs calculated from log(natural) transformed distribution; �mean (SD); `adjusted for age and BMI.
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Our results demonstrating an association between CTX-II
and JSN are consistent with other published work for the
knee. In a study of 67 women and men with knee OA defined
by the American College of Rheumatology criteria, both CTX-
II and Glc-Gal-Pyd were increased and correlated with
minimum joint space width and joint surface area18; men
and women were not analysed separately. In a magnetic
resonance imaging study of men and women, CTX-II was
associated with the severity, but not presence, of cartilage
defects in women, but no association was found in men.24

Neither of these studies reported an association with
osteophytosis. CTX-II is also raised in patients with spinal
disc degeneration, although no significant association was
found with spinal osteophytosis.25 More recently, it has been
shown that CTX-II is increased in patients with JSN at the
hip and in those with rapidly progressive hip OA.26 27

Although there is little information on the association of
these markers with osteophytosis, our data suggest that both
markers are significantly increased in patients with osteo-
phytes.

Our study, however, does differ from others investigating
biochemical markers in several important ways: only men
were investigated; individual osteophyte grade, JSN grade,
and a cumulative or summative score was determined;
patellofemoral disease was evaluated; subjects with more
severe OA were evaluated and the association with Glc-Gal-
Pyd was explored.

There is a considerable overlap between the presence of
osteophytes and JSN in patients with knee OA, making it
difficult to determine the relative importance of each. We
have performed multivariate and stratified analyses (data not
shown), which suggest that both radiographic features are
associated with CTX-II and Glc-Gal-Pyd, with effects of a
similar magnitude.

We have also demonstrated, for the first time to our
knowledge, that as the severity of OA increases, determined
by a summative osteophyte score, summative JSN score or
K&L grade, both CTX-II and Glc-Gal-Pyd increase in a dose
dependent manner. The one exception to this is that with
increasing severity of JSN there appears to be a plateau effect
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for production of urinary CTX-II, such that once a certain
level of JSN has been reached, CTX-II production reaches a
plateau and possibly starts to decline. Although this pattern
was statistically significant in piecewise regression models
(results not shown), the numbers of subjects at the severe
end of the JSN summative scale were small and therefore this
effect would need to be demonstrated in a larger group in
order to be scientifically robust. This pattern of association is
intuitive as once severe cartilage loss has occurred, there is
minimal cartilage left to produce CTX-II regardless of the rate
of cartilage destruction or turnover.

The previous studies examining the association between
biochemical markers of bone turnover and OA have provided
conflicting results; showing either increased27 or decreased
markers18 in subjects with OA or no association.26 28 These
studies have varied in the site and definition of OA and in the
biochemical markers of bone turnover used. There is good
evidence of increased subchondral bone turnover in patients
with knee OA from studies using scintigraphy, which might
explain an increase in markers of bone turnover.29 However,
patients with OA tend to have higher bone mineral density
throughout the skeleton and lower rates of bone loss, which
may account for a reduction in markers of bone turnover.30 31 It
is likely therefore that the overall concentration of biochemical
markers in a patient with OA will depend on the balance
between the magnitude of the subchondral bone response (a
combination of the number and intensity of joints affected) and
the rates of skeletal bone turnover. Consequently, it is unlikely
that these markers of overall skeletal turnover will prove to be
useful in the diagnosis or monitoring of OA.

Our study has several strengths and potential limitations.
It is a cross sectional design, which limits our interpretation
of biochemical markers in predicting joint progression.
Weightbearing radiographs were used to examine the
tibiofemoral joint. This technique has potential limitations
in comparison with semiflexed or metatarsophalangeal views
when measuring JSN, but not for scoring of osteophytes and
K&L grade. The latter is heavily dependent on osteophytes as
demonstrated by the similar magnitude of effects seen for
K&L grade and osteophytes in isolated tibiofemoral disease.
It has several strengths in that we investigated a large group
of men, randomly selected form a large cohort study, with a
full range of joint disease severity, which included isolated
patellofemoral disease, areas which have previously been
underresearched. We also analysed individual osteophyte and
JSN grades and produced summative scores for each to assess
the total burden of disease at the knee.

In conclusion, our study proposes that urinary CTX-II and
Glc-Gal-Pyd, but not bone markers, are useful for assessing
the presence and severity of OA in both the patellofemoral
and tibiofemoral joints in men.
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Clinical Evidence—Call for contributors

Clinical Evidence is a regularly updated evidence-based journal available worldwide both as
a paper version and on the internet. Clinical Evidence needs to recruit a number of new
contributors. Contributors are healthcare professionals or epidemiologists with experience in
evidence-based medicine and the ability to write in a concise and structured way.
Areas for which we are currently seeking contributors:

N Pregnancy and childbirth

N Endocrine disorders

N Palliative care

N Tropical diseases

We are also looking for contributors for existing topics. For full details on what these topics
are please visit www.clinicalevidence.com/ceweb/contribute/index.jsp
However, we are always looking for others, so do not let this list discourage you.
Being a contributor involves:

N Selecting from a validated, screened search (performed by in-house Information
Specialists) epidemiologically sound studies for inclusion.

N Documenting your decisions about which studies to include on an inclusion and exclusion
form, which we keep on file.

N Writing the text to a highly structured template (about 1500-3000 words), using evidence
from the final studies chosen, within 8-10 weeks of receiving the literature search.

N Working with Clinical Evidence editors to ensure that the final text meets epidemiological
and style standards.

N Updating the text every 12 months using any new, sound evidence that becomes available.
The Clinical Evidence in-house team will conduct the searches for contributors; your task is
simply to filter out high quality studies and incorporate them in the existing text.

If you would like to become a contributor for Clinical Evidence or require more information
about what this involves please send your contact details and a copy of your CV, clearly
stating the clinical area you are interested in, to CECommissioning@bmjgroup.com.

Call for peer reviewers

Clinical Evidence also needs to recruit a number of new peer reviewers specifically with an
interest in the clinical areas stated above, and also others related to general practice. Peer
reviewers are healthcare professionals or epidemiologists with experience in evidence-based
medicine. As a peer reviewer you would be asked for your views on the clinical relevance,
validity, and accessibility of specific topics within the journal, and their usefulness to the
intended audience (international generalists and healthcare professionals, possibly with
limited statistical knowledge). Topics are usually 1500-3000 words in length and we would
ask you to review between 2-5 topics per year. The peer review process takes place
throughout the year, and out turnaround time for each review is ideally 10-14 days.
If you are interested in becoming a peer reviewer for Clinical Evidence, please complete the
peer review questionnaire at www.clinicalevidence.com/ceweb/contribute/peerreviewer.jsp
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