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Biomarkers for Osteoarthritis

Introduction

Osteoarthritis (OA) is a chronic and progressive disease 
characterized by degeneration of articular cartilage. It is the 
most common joint disease among the elderly, causing dis-
ability and affecting patients’ quality of lives. Because of 
the high loads borne by the knee joint during daily activities 
and mobility, the knees are the most frequent site of OA. 
Knee OA affects more than 27 million people in the United 
States alone.1 The number of patients is estimated to be 
more than 50 million by the year 2020.2 Although countless 
efforts have been made to diagnose knee OA, clinical 
assessment of OA is still hampered by the lack of precise 
measures of the incidence and progression of the disease, 
especially during the early stage.

To date, the most well-established method for assessing 
knee OA is joint space width (JSW) measurement using 
plain radiographs. However, irreversible joint damage has 
often occurred at the time radiographic evidence of OA is 

established. In addition, since changes in JSW are relatively 
small compared with the precision error of plain X-ray mea-
surement, it usually needs at least 1 year or probably 2 years 
to accurately estimate the progression or the reduction of 
joint damage induced by treatment.3 Magnetic resonance 
imaging (MRI) is currently an optimal method for monitor-
ing knee OA, but its reproducibility is not yet fully vali-
dated. Arthroscopy is considered as the gold standard for 
the evaluation of cartilage lesions as it can provide a direct 
and magnified view of the cartilage surface.4 However, with 
its invasive characteristics and requirement of well-trained 
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Background. C-terminal cross-linked telopeptides of type II collagen (CTX-II) are one of the most frequently assessed 
markers for osteoarthritis (OA) diagnosis. The aim of this meta-analysis was to confirm the diagnostic value of urinary 
CTX-II in knee OA. Materials and Methods. PubMed, ScienceDirect, and EMBASE were searched for studies measured 
urinary CTX-II in patients with knee OA and in healthy controls. Urinary CTX-II levels were compared between knee 
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included. Pooled SMD showed that urinary CTX-II levels were significantly elevated in knee OA group compared to 
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professional investigators, arthroscopy cannot be routinely 
applied to all patients. Therefore, it is of critical importance 
to obtain a noninvasive, inexpensive and more precise 
method for the evaluation of knee OA that is applicable to 
most patients.

The measurement of body fluid markers of cartilage 
metabolism is developed for such purpose and has received 
much research attention. Articular cartilage structure is 
maintained when chondrocyte metabolism of extracellular 
matrix components is balanced. When degradation exceeds 
synthesis, articular cartilage structure degenerates.5 The 
assessment of biomarkers can potentially reveal articular 
cartilage metabolism. A variety of biomarkers have been 
used to diagnose knee OA. C-terminal cross-linked telopep-
tides of type II collagen (CTX-II), a byproduct of articular 
cartilage breakdown, is one of the most assessable biomark-
ers. CTX-II has been detected in both urine and synovial 
fluid. An advantage of urine evaluation is that urine can be 
obtained more easily than synovial fluid, which facilitates a 
stronger study design because samples can be collected 
from a comparable control group. Several previous studies 
have already shown that the levels of urinary CTX-II are 
significantly elevated in patients with knee OA as compared 
with controls,4,6,7 and the concentrations increase with dis-
ease severity.8-10 However, a single study cannot conclu-
sively confirm the usefulness of urinary CTX-II for 
diagnosing knee OA. Thus, by combining all the available 
publications, the present meta-analysis is conducted to 
assess the diagnostic and prognostic value of urinary 
CTX-II as biomarker for knee OA.

Materials and Methods

Search Strategy

Databases of PubMed, EMBASE, and ScienceDirect were 
used to retrieve potential articles from inception time to 
February 2018. The search terms used were “osteoarthri-
tis,” “C-terminal cross-linking telopeptide of type II colla-
gen,” “levels,” “biomarkers,” and “diagnosis.” We screened 
all abstracts obtained from the initial search. If the abstracts 
did not contain sufficient information to include or exclude 
the study from the analysis, the study was carried out on 
full-text review. All reference lists of the included articles 
and other systematic reviews were also hand searched in 
case of omissive studies. There was no restriction regarding 
published date, study design, and patients’ ethnic group 
except that all studies must be published in English.

Eligibility Criteria

The most crucial aim of the relevant studies has to be the 
assessment of urinary CTX-II levels as biomarker for knee 
OA. All the eligible studies need to fulfill the following 

criteria: (1) all studies included an knee OA patients group 
and a comparable healthy control group; (2) patients in OA 
group with clinically or radiographically diagnosis of knee 
OA based on the American College of Rheumatology 
(ACR) criteria for diagnosing knee OA, Kellgren-Lawrence 
(KL) grade classification, or other criteria; and (3) the lev-
els of urinary CTX-II were provided and available in both 
groups. Studies that did not satisfy the above requirements 
were all excluded.

Data Extraction

Two reviewers independently extracted all the necessary 
data according to a predefined form. For each included 
study, study characteristic, including sample size, gender, 
age, body mass index, ethnicities, quantify methods, manu-
facture of the quantify kits, diagnostic criteria of knee OA, 
and urinary CTX-II concentration in OA and control group 
were extracted. The level of urinary CTX-II was the vari-
able of interest for this study. In the majority of included 
studies, the measured levels of urinary CTX-II are corrected 
by the urine creatinine concentration and conveyed as ng/
mmol Cr. In addition, one study expressed urinary CTX-II 
in unit of measure pg/mL11 and one in ng/mL.12 For this 
analysis, urinary CTX-II concentration in different units of 
measure were all extracted and data were combined using a 
standardized mean differences (SMD) model.

Statistical Analysis

All statistical analyses were processed using Review 
Manager (Version 5.3. Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2014). Intergroup 
analysis of urinary CTX-II was based on the difference in 
the levels of CTX-II between different subgroups. 
Comparisons were performed using chi-square test and pre-
sented as forest plot. When considerable heterogeneity 
existed among studies (I2 > 50%), a random-effects model 
was used for data calculation. On the contrary, a fixed 
effects model was applied when I2 < 50%. Differences 
between subgroups were expressed as SMD with 95% con-
fidence intervals (CIs) when individual outcomes were 
measured with different scales. A positive SMD indicated 
higher urinary CTX-II levels in OA patients as compared 
with controls. Otherwise, statistic outcomes were presented 
as mean differences (MD) with 95% CI. Sensitivity analysis 
was performed by removing one study result at a time to 
explore the influence of each study have on the overall sta-
tistic result as well as verify the stability of the pooled 
effect. Subgroup analyses were conducted comparing uri-
nary CTX-II between disease severity based on KL grade 
classification, large and small studies, genders (male and 
female), and ethnicities (Asian, European, and African) to 
confirm the actual clinical performance of this biomarker.
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Results

Study Selection

The search of electronic databases and manual cross-check-
ing of reference lists initially obtained 286 articles. All titles 
and abstracts from the original search were screened. After 
excluding the duplicate publications and non-related arti-
cles, 32 studies were reviewed in their entirety. Eventually, 
13 studies that met all our selection criteria were included in 
the meta-analysis.6-9,11-19 Figure 1 presented the flow dia-
gram of study selection.

Study Description

The descriptive characteristics of the enrolled studies and 
study participants are presented in Table 1. This analysis 
involved a total of 2,856 participants of whom 1,341 were 
knee OA patients. We believe that it is by far the largest 
scale of meta-analysis assessing the efficiency of urinary 
CTX-II as biomarker for knee OA. Study design such as 
joint and type of OA and source of CTX-II extraction was 
restricted in our study. Of the 13 studies, sample size ranged 
from 54 to 627. Studies selected patients with age ranging 
from 20 to 80 years. Ten studies reported choosing an age-
matched control group. Another 3 studies did not provide 
information regarding the relationship of baseline charac-
teristics between knee OA patients and controls. Eight 

studies conducted within the European area, 4 studies 
researched in the Asian population, and 1 study was per-
formed in Africa. As for diagnostic criteria for the enrolled 
knee OA patients, 5 studies applied the ACR criteria for 
knee OA, another 5 studies only included patients with a 
KL score 2 or higher, the remaining 2 used other criteria 
such as Research Diagnostic Criteria for Temporomandibular 
Disorders or International Cartilage Repair Society grade. 
Other characteristics in terms of patients’ age, number of 
male and female participants, body mass index (BMI), and 
CTX-II quantified method were varied from study to study.

The Levels of CTX-II as a Biomarker for Knee 
OA

Pooled statistic of 13 studies showed a significant elevation 
of urinary CTX-II in knee OA group when compared to con-
trols (SMD 0.82; 95% CI, 0.41-1.24; P < 0.0001) (Fig. 2). 
Remove-one-factor-at-a-time sensitivity analysis was per-
formed. There were no significant changes on the SMD and 
I2 value when omitting each study except the study of Xu 
et al.12 We found that the study of Xu et al.12 affected both 
the SMD value and I2. When removing the outcome, the 
pooled SMD changed from 0.82 (95% CI, 0.41-1.24; P < 
0.0001) to 0.52 (95% CI, 0.33, 0.71, P < 0.0001), and the 
I2 value dropped from 95% to 76% while still remained 
statistical significance.

Figure 1.  Flowchart of literature search.
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To gain more insight into the mechanism of urinary 
CTX-II concentrations in patients with knee OA, subgroup 
analysis based on OA severity was performed. Studies 
selected in this subgroup were categorized by the KL grade. 
We classified knee OA patients with KL grade 0 and 1 as 
healthy controls, with KL grade 2 as mild knee OA, and 
with KL grade 3 and 4 as severe knee OA. The study of 
Sowers et  al.19 provided 2 groups of data that were per-
formed in 1997 and 2009 with the same cohort of patients. 
The study by Tanishi et  al.9 provided separate male and 
female CTX-II outcomes for different knee OA severity. 
Concerning that it might decrease the statistical signifi-
cance by merging these data, experimental data of the 2 
studies were divided into 4 groups. According to the sub-
group results, patients with mild knee OA had a higher uri-
nary CTX-II levels than patients in the control group, 
although it did not reach statistical significance (SMD 0.17; 
95% CI, −0.02 to 0.37; P = 0.08) (Fig. 3). Comparison 
between KL grade 2 versus KL grade 3 and 4 revealed that 
the levels of urinary CTX-II increased significantly in 
severe knee OA group (SMD 0.56; 95% CI, 0.32-0.79; P < 
0.0001) (Fig. 3)

Subgroup Analysis Based on Gender, Ethnic 
Groups, and Study Size

Some studies argued that gender difference might influence 
the expression of urinary CTX-II in knee OA patients. To 
investigate whether the levels of urinary CTX-II should be 
treated differently as a biomarker in male and female 

patients with knee OA, a subgroup analysis based on sex 
were also done. Results demonstrated that urinary CTX-II 
were significantly higher in both male (SMD 0.42; 95% CI, 
0.13-0.71; P = 0.004) and female (SMD 0.96; 95% CI, 
0.07-1.85; P = 0.03) OA patients compared with controls 
(Table 2). We observed that the SMD in female were higher 
than in male. However, when removing the data of Xu 
et  al.,12 the result of the female comparison became 0.40 
(95% CI, 0.20-0.60; P = 0.0001), and the I2 value also 
dropped from 95% to 58%. These finding further proved 
that the study of Xu et al.12 might be the source of heteroge-
neity. Notably, in the comparison of CTX-II levels between 
OA male patients and female patients, women patients did 
have a higher urinary CTX-II than man (MD −28.62; 95% 
CI, −56.71 to −0.53; P = 0.05) (Table 2).

Small size of the study sample was another reason threat-
ening the validity of meta-analysis. Therefore, we divided 
the included studies into 2 subgroups. Studies categorized 
as small study size group had less than 100 knee OA popu-
lation. Large sample size study had more than 100 OA 
patients. Both small and large sample size groups showed a 
significant elevated urinary CTX-II concentration in knee 
OA patients compared with controls (Table 2).

We hypothesized that patients in different ethnicities, 
with different body structure and life styles, might have dif-
ferent response in knee OA. Interestingly, our data showed 
that urinary CTX-II did not differ significantly between OA 
patients and healthy controls in Asian population (SMD 
1.48; 95% CI, −0.02 to 2.98; P = 0.05). Whereas the 
CTX-II elevation in European OA population remained 

Figure 2.  Forest plot for the comparison of urinary C-terminal cross-linking telopeptide of type II collagen (CTX-II) between knee 
osteoarthritis (OA) patients and healthy controls.
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statistically significance (SMD 0.47; 95% CI, 0.22-0.71; 
P = 0.0002) (Table 2).

Discussion

Biomarkers, which is associated with the subtle changes in 
cartilage, bone, and synovial tissues, is believed to be a 
potential alternative for the earlier diagnosis of asymptomatic 
OA to prevent exacerbation.20 Many structural molecules or 
fragments have been considered as available candidates for 
diagnosing OA, such as serum cartilage oligomeric matrix 
protein (COMP), urinary CTX-II, matrix metalloproteinases 

(MMPs), and so on. A systematic review using the “BIPED” 
classification to assess the current status of available bio-
markers suggested that urinary CTX-II and serum COMP 
had the best performance.21 The study also indicated that 
serum COMP seemed to perform less than urinary CTX-II 
within most “BIPED” categories. Although the authors 
pointed out that different patient cohorts and study design 
might be the reasons causing the discrepant results, we could 
not ignore the possibility that urinary CTX-II might be more 
preferable in the prediction of OA. Thus, the present meta-
analysis was designed to further proved the diagnostic value 
of urinary CTX-II as biomarkers for knee OA.

Table 2.  Subgroup Analyses of Urinary CTX-II with Different Genders, Ethnic Groups, and Study Size.

Subgroups Number of Studies SMD/MD 95% CI P

Gender  
  Male 4 0.42 0.13-0.71 0.004
  Female 6 0.96 0.07-1.85 0.03
  Male vs Female in OA 3 −28.62 −56.71 to −0.53 0.05
Ethnicities  
 A sia 4 1.48 −0.02 to 2.98 0.05
 E urope 8 0.47 0.22-0.71 0.0002
 A frica 1 0.49 0.17-0.81 0.002
Study size  
  OA < 100 7 0.72 0.41-1.04 <0.001
  OA > 100 6 0.89 0.18-1.61 0.01

CTX-II = C-terminal cross-linked telopeptides of type II collagen; OA = osteoarthritis; SMD = standardized mean difference; MD = mean differences; 
CI = confidence interval.

Figure 3.  Forest plot for the comparison of urinary C-terminal cross-linking telopeptide of type II collagen (CTX-II) between knee 
patients with disease severity.
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In our analysis, pooled results of 13 studies showed sig-
nificant elevation of urinary CTX-II in OA group compared 
with controls. This finding was in accordance with 2 previ-
ous meta-analyses that also evaluated the potential of uri-
nary CTX-II as knee OA biomarker. Although the 2 studies 
applied different statistical methods for their calculation, 
they both concluded that CTX-II could be valuable diag-
nostic and prognostic tools for knee OA.22,23 The sensitivity 
analysis confirmed that our result was credible and also 
found that the study of Xu might be the source of heteroge-
neity. When omitting the outcome of Xu et al.,12 although 
CTX-II levels in knee OA group were still significantly 
higher than controls, both the SMD and I2 values dropped. 
We further looked into the reasons causing this phenome-
non. The basic patient characteristics and study design of 
Xu et al.12 did not differ much from the other included stud-
ies. Notably, while most of the study applied a CartiLaps 
ELISA assay manufactured by Nordic Bioscience, Herlev, 
Denmark, the study of Xu et al. did not mention the type of 
ELISA assay used in the CTX-II quantification and the kits 
were supplied by Shanghai Xitang Bio-Tech Company, 
China. Also, the CTX-II concentration were expressed in 
the units of ng/mL, which was different from other studies. 
The aforementioned 2 conditions might be the reasons 
inducing the discrepancy across the results. Thus, the use of 
the study of Xu et  al.12 in future research need careful 
deliberation.

Whether the levels of urinary CTX-II increase with knee 
OA severity is another issue that received much attention. 
Therefore, we performed subgroup analysis based on K/L 
classification for knee OA. Our study together with other 
research studies revealed that urinary CTX-II levels were 
consistently increased in severe versus mild radiographic 
knee OA.22,24 Although all 3 studies only involved no more 
than 5 groups of data for comparisons, but the same find-
ings indicated that the use of urinary CTX-II as biomarker 
could be promising. To enhance the credibility of our study, 
comparison between small and large sample size study was 
performed. Outcomes showed that urinary CTX-II concen-
tration in OA patients did not differ between small and large 
size study.

Several conditions can affect the expression of biomark-
ers. Some evidence suggests that medication, normal activ-
ity, hormone levels in the body, weight, gender, age, and 
ethnicity all can lead to fluctuations in biomarkers levels. 
According to the patients’ characteristics retrieved from the 
included literature, we conducted 2 subgroup analyses 
regarding different gender and ethnic groups. For the sub-
group of sex, results showed a significant difference in 
CTX-II levels between female and male patients with knee 
OA compared with controls, which implied that the diag-
nostic use of urinary CTX-II was effective in both male and 
female. Our meta-analysis also showed higher urinary 
CTX-II levels in female knee OA patients while compared 

with male patients, which implied that urinary CTX-II 
might have a better performance in females. This finding 
was also supported by another publication, which found the 
same result.24 However, our subgroup analysis only included 
3 pairs of data, and it might be insufficient to draw absolute 
conclusion. Researchers argued that the more elevated uri-
nary CTX-II in female patients might be a result of other 
factors such as sample size. We noticed that this group of 
study contained 509 female patients and only 288 male 
patients. The mismatched sample size might be one reason 
causing higher urinary CTX-II in females. Moreover, evi-
dence showed that bone marker levels were increased in 
postmenopausal women.25 Also, data suggested that urinary 
CTX-II had unique correlations with bone marker as com-
pared with other cartilage markers and reflected bone as 
well as cartilage metabolism.25,26 Thus, the urinary CTX-II 
in women might be confounded by bone remodeling, which 
resulted in a higher CTX-II levels.

The influence of race on the expression of biomarker 
were investigated mostly in serum COMP researches. 
Several studies have compared COMP levels in different 
ethnic groups and found that serum COMP levels vary by 
ethnicity.27,28 We believe that the present analysis is the first 
study that has probed into whether ethnicity affects the uri-
nary CTX-II levels in patients. In the analysis based on dif-
ferent ethnic groups, the diagnostic effectiveness of urinary 
CTX-II seemed to disappear in Asian population. However, 
our research only collected data from 4 studies that con-
ducted research in Asia, absolute conclusion could not be 
drawn based on these limited data.

Nevertheless, our study has some limitations that must 
be taken into account. Although we found higher urinary 
CTX-II levels in female OA patients, we did not eliminate 
the influence by age. A study disclosed that even in healthy 
people, urinary CTX-II levels were affected by age. High 
values were discovered in children and adolescents where 
skeletal growth is occurring. Stable levels were detected in 
adults between 30 and 50 years and a slightly increase val-
ues were found in individuals older than 50 years.29 A study 
also showed that the levels of urinary CTX-II significantly 
differed between premenopausal and postmenopausal 
women.30 Therefore, the increased levels of urinary CTX-II 
in female patients might be the results of menopause. Yet, 
of all the enrolled studies, only the study of Tanishi et al.9 
provided separated data of urinary CTX-II in different age 
group and majority of studies included with age ranging 
from 40 to 80 years, which prevented us from conducting a 
subgroup analysis to reveal the impact of age on the bio-
marker levels.

The results of previous trails suggested that CTX-II 
concentration is associated with BMI in the knee OA 
group.15 Other researches also argued that medication can 
alter biomarker levels. A study put forward that the use of 
bisphosphonates might lead to a decrease in urinary CTX-II 



Cheng et al.	 519

levels.9 However, because of the limited information avail-
able in the included literature, we cannot perform subgroup 
analyses in terms of weight and drug to test this hypothesis. 
Moreover, our study investigated the correlation between 
urinary CTX-II and knee OA, the results of this study can-
not be extrapolated to other biomarkers in different joints 
of OA.

Conclusion

A significant elevation of urinary CTX-II levels in knee OA 
patients was observed in our analysis. It appeared that uri-
nary CTX-II levels have a potential to distinguish knee OA 
patients from healthy controls. Furthermore, the levels of 
urinary CTX-II increased more rapidly in severe compared 
to moderate knee OA. Subgroup analyses revealed that uri-
nary CTX-II might have a better performance in female 
gender and European ethnicity. Yet, the results of our study 
still need further validation.
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