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Abstract

Background: The role of vitamin D and cartilage oligomeric matrix protein (COMP) in knee osteoarthritis (OA) still remains con-
troversial.
Objectives: This study aimed to evaluate serum COMP and 25-hydroxy vitamin D concentrations in patients with knee OA in com-
parison to healthy individuals and to find whether there is a relationship between serum COMP, 25-hydroxy vitamin D, and disease
activity in knee OA.
Methods: In a case-control study, 60 patients with knee OA were selected based on the criteria of the American College of Rheumatol-
ogy referred to the Rheumatology Department of Tabriz University of Medical Sciences, Tabriz, Iran, from October 2017 to February
2018. Also, 28 healthy subjects matched regarding age and sex were selected. The patients were examined, and Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC Index) was assessed. Serum levels of COMP and 25-hydroxy vitamin D were
assessed by ELISA method.
Results: The mean ± SD age of the patients and controls was 57.60 ± 10.63 and 56.46 ± 5.58 years, respectively. Serum COMP was
significantly higher in OA patients (40.82 ± 10.04 pg/mL) than in healthy controls (27.01 ± 9.64 pg/mL) (P < 0.001). There were no
statistically significant differences in serum 25-hydroxy vitamin D between the patients and control subjects (P = 0.361). Significant
correlations were found between serum COMP concentration with WOMAC score (r = -0.290, P = 0.025) as well as the grade of OA (r =
0.362, P = 0.004). No statistically significant correlations were found between serum 25-hydroxy vitamin D level with WOMAC score
(r = 0.102, P = 0.438) and the grade of OA (r = - 0.063, P = 0.630) as well as between serum COMP and 25-hydroxy vitamin D levels (P >
0.05).
Conclusions: Based on the results of our study, Serum COMP levels correlated with disease characteristics in patients with os-
teoarthritis. Although further studies are needed to confirm our results, COMP may be used as a possible novel marker to measure
osteoarthritis development and progression.
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1. Background

Osteoarthritis (OA) is a developing joint disease identi-
fied with the deterioration of articular cartilage, unusual
sub-chondral bone formation, and inflamed synovium in
early phases (1). It causes pain, stiffness, and disability (2).
The OA is the most prevalent joint disease in adulthood,
influencing almost 12% - 15% of this population (3). Aging
leads to a significant increase in OA disease prevalence (3),
and it is more prevalent in women than men (4). The knees

are the main weight-bearing joints, and they are more of-
ten influenced by OA (4). The etiology of OA is ascribed to
numerous factors, including genetic, obesity, trauma, and
other metabolic reasons (5).

The first changes in OA occur peri-articularly; thus they
are not observed well by radiographs. Therefore, there is
a need to develop markers e.g., serologic markers to sen-
sitively predict the early diagnosis and initiation as well
as the progression of OA. Serum biomarkers are used to
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assess joint renewal and disease progression. This would
significantly increase the chance of diagnosing the disease
easier with more cost-effective tools. Such a biomarker
frequently studied to predict OA progression is cartilage
oligomeric matrix protein (COMP). The COMP is a glyco-
protein synthesized by chondrocytes, which is found in a
large amount in the hyaline cartilage but can also be de-
tected in serum and synovial fluid (6, 7). The COMP can
activate the complement system, interact with other pro-
teins to maintain cartilage integrity and regulate chondro-
cyte function and apoptosis (8). The possibility of serum
COMP as a marker of ongoing joint destruction, as well as a
prognostic indicator of future joint impairment in OA and
rheumatoid arthritis, was indicated in previous studies (9,
10). However, the results are controversial.

Vitamin D plays a leading role in bone metabolism
and may have an indirect effect on the development of
OA through its influence on the bone (11). In vitro studies
demonstrated vitamin D metabolism in articular cartilage,
which could show a direct influence of vitamin D on OA
vulnerability (12). Furthermore, low vitamin D level is re-
lated to the muscle weakness (13), which is related to the OA
development (14, 15). Numerous studies examined the re-
lationship between serum 25-hydroxy vitamin D level and
OA, which showed conflicting results. Some studies re-
ported significantly lower levels of serum 25-hydroxy vita-
min D in patients with OA (16-18); while other studies found
no association (19, 20). Therefore, there is a controversy re-
garding the association between vitamin D concentration
and knee OA.

2. Objectives

Considering inconsistency between various studies re-
garding the role of serum COMP and vitamin D in OA and
due to differences between the populations studied (inter-
ventional studies vs. population-based cohorts), and differ-
ences in sample recruitment, the present study aimed to
evaluate serum COMP and 25-hydroxy vitamin D levels in
knee OA patients in comparison to healthy subjects and to
find whether there is a correlation between serum levels of
COMP, 25-hydroxy vitamin D, and disease characteristics in
knee OA.

3. Methods

3.1. Subjects

In this case-control study, 60 patients with bilateral
primary knee OA (based on the criteria of the Ameri-
can College of Rheumatology) (21) with age of 40 to 70
years that referred to the Rheumatology Department of

Tabriz University of Medical Sciences from October 2017
to February 2018, were included. Also, 28 healthy indi-
viduals matched regarding age and sex with no history
of inflammatory rheumatic diseases were selected. The
exclusion criteria were secondary OA (due to a known
disorder), inflammatory joint disorders, previous knee
trauma or injury, arthroscopy, surgery, or a knee joint in-
jection, cardiovascular disease, diabetes mellitus, liver, re-
nal, thyroid and/or parathyroid disorders, and any other
chronic inflammatory disease, and taking glucosamine
sulfate and/or chondroitin sulfate supplements. None of
the participants were received vitamin D supplement. This
research was approved by the Ethics Committee of Tabriz
University of Medical Sciences (Iran) with an approval No.
IR.TBZMED.REC.1396.278 and all subjects signed written in-
formed consent before the study.

3.2. Sampling

The sampling was done based on a consecutive
method. The sample size was calculated using the Power
and Sample Size Calculation (PS) software, version 3.1.2. We
designed a study of a continuous response varying from
independent case and control individuals with 0.5 con-
trol(s) per case subject. In a previous study, the response
within each subject group was normally distributed with
a standard deviation equal to 3.6 (22). If the true differ-
ence in the case and control means is 2.5, we will need to
include 50 cases and 25 controls to be able to reject the
null hypothesis that the population means of the case and
control groups are equal with probability (power) of 0.8.
The Type I error probability associated with the test of this
null hypothesis is 0.05. The dropout rate was considered
about 15%, and therefore, the sample size was increased to
60 in the patient and 28 in the control groups.

3.3. Clinical Assessment

At baseline, a complete medical history was taken, and
all the participants were examined by a rheumatologist,
and the grading of knee severity was performed using knee
X-ray based on the Kellgren/Lawrence scale (23). The Per-
sian version of Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC Index) (i.e., Likert version)
was completed through face-to-face interviewing (24). This
questionnaire has been translated into various languages,
and its validity and reliability have been examined, and
found to have good validity and reliability (Cronbach’s al-
pha above 80%). Also, the validity and reliability of the Per-
sian translation of this questionnaire have been assessed
and it has been determined that it is a valid and reliable in-
strument (Cronbach’s alpha = 0.81 - 0.95) for knee OA evalu-
ation in Iranian population (25). The WOMAC index exam-
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ines three dimensions: pain (5 questions), stiffness (2 ques-
tions), and physical functions (17 questions).

3.4. Biochemical Measurements

Five mL of venous blood samples were obtained af-
ter overnight fasting. The serum samples were sepa-
rated and kept at -70°C until biochemical measurements.
Serum COMP (MyBiosource, San Diego, California, USA),
25-hydroxy vitamin D (Immunodiagnostic Systems, Bioac-
tiva diagnostic, Germany) and C-reactive protein (CRP)
(Monobined Inc., Lake Forest, CA) levels were evaluated
with ELISA kit according to the manufacturer’s recommen-
dations, using a calibrated ELISA plate reader (Model STAT
FAX 2100, Multi-detection Multi Plate Reader, USA). Serum
calcium and phosphorus concentrations were assessed us-
ing the standard enzymatic colorimetric method (Pars Az-
moon Co, Tehran, Iran) by an automated chemical analyzer
(Abbott analyzer, Abbott Laboratories, Abbott Park, North
Chicago, IL).

3.5. Statistical Analysis

The SPSS Statistical Software for Windows, version 18.0
(SPSS Inc., Chicago, Ill, USA) was used for statistical analysis.
The normal distribution of the variables was assessed by
the Kolmogorov-Smirnov test. Categorical and normally-
and not-normally-distributed quantitative data were dis-
played as numbers (percentages), means ± SD, and me-
dian (interquartile range), respectively. Comparisons be-
tween groups were assessed by χ2, independent-sample t-
test, and Mann Whitney U test. The Pearson correlation test
or Spearman rank correlation analysis were used for cor-
relation analysis. A receiver operating characteristic (ROC)
curve analysis was carried out to find the optimal cut-off
points of serum COMP levels for predicting knee OA. The
area under the curve (AUC) value was calculated to deter-
mine the accuracy of the test. P < 0.05 was considered sta-
tistically significant.

4. Results

General, clinical, and biochemical data of the studied
subjects are shown in Table 1. The mean ± SD age in OA pa-
tients and the controls were 57.60± 10.63 and 56.46± 5.58
years, respectively. The mean± SD WOMAC score in the pa-
tients was 66.45 ± 19.40 (range: 10 - 95). There were no ra-
diographic findings of OA in 14 (23.3%) patients. The sever-
ity of OA based on the Kellgren/Lawrence scale was mild
in 18 (30%) patients, moderate in 20 (33.4%) patients, and
severe in 8 (13.3%) patients. As presented in Table 1, serum
COMP and phosphorous levels were significantly higher
in OA patients in comparison to the healthy controls (P

< 0.001). No statistically significant differences were ob-
served in general characteristics, as well as serum calcium
and 25-hydroxy vitamin D, between OA patients and the
controls (P > 0.05).

According to Table 2, significant correlations were ob-
served between serum COMP level with WOMAC score (r =
-0.290, P = 0.025) and the grade of OA based on the Kell-
gren/Lawrence scale (r = 0.362, P = 0.004). However, no
significant correlations were indicated between serum 25-
hydroxy vitamin D level with WOMAC score (r = 0.102, P =
0.438) and the grade of OA based on the Kellgren/Lawrence
scale (r = -0.063, P = 0.630). No statistically significant cor-
relations were seen between serum COMP and 25-hydroxy
vitamin D levels with general characteristics as well as
biochemical parameters such as serum calcium, phospho-
rous, and ESR (P > 0.05). Furthermore, for the first time, no
significant correlation was observed between serum COMP
and 25-hydroxy vitamin D levels (r = 0.101, P = 0.441).

The capability of serum COMP levels to discriminate
patients with OA from those without OA was evaluated by
ROC curve analysis (Figure 1). The ROC curve was well above
the diagonal, showing good sensitivity and specificity. The
ROC curve for the presence of OA diagnosis had an AUC of
0.836 (95% CI: 0.751 - 0.921, P < 0.001), which established a
high probability of correctly prediction of OA.

ROC Curve
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Figure 1. Receiver operating characteristic (ROC) curve analysis for predictive values
of serum concentrations of COMP in OA. The area under the ROC curve is 0.836; 95%
CI: 0.751 - 0.921, P < 0.001.
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Table 1. Characteristics of the Patients with Knee OA and Controlsa , b

Characteristics Patients with Knee OA (N = 60) Control Group (N = 28) P Valuec

Gender 0.084

Male 13 (21.7) 11 (39.3)

Female 47 (78.3) 17 (60.7)

Age, y 57.60 ± 10.63 56.46 ± 5.58 0.514

COMP, ng/mL 40.82 ± 10.04 27.01 ± 9.64 < 0.001

25-hydroxy vitamin D, ng/mL 30.58 ± 15.61 33.53 ± 9.79 0.361

Calcium, mg/dL 9.2 (9.00 - 9.50) 9.2 (9.10 - 9.37) 0.871

Phosphorous, mg/dL 3.91 ± 0.27 3.61 ± 0.13 < 0.001

ESR, mm/h 17.93 ± 15.01 - -

CRP -

Negative 32 (53.3) -

+1 15 (25.0) -

+2 6 (10.0) -

+3 7 (11.7) -

WOMAC score 66.45 ± 19.40 - -

Abbreviations: CRP, C-reactive protein; COMP, cartilage oligomeric matrix protein; ESR, erythrocyte sedimentation rate; OA, osteoarthritis; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis.
aData were presented as mean ± SD and median (IQR) for normally- and non-normally-distributed quantitative measures, or the number (percent) of categorical vari-
ables.
bP < 0.05 was considered significant.
cP values indicate the comparison between groups (χ2 or independent-sample t-test).

Table 2. Correlation Between Serum COMP and 25-Hydroxy Vitamin D with WOMAC Score and the Grade of Osteoarthritis in Patients with Knee OA (N = 60)

WOMAC Score Grade of Osteoarthritis

r P Valuea r P Valueb

COMP, ng/mL -0.290 0.025 0.362 0.004

25-hydroxy vitamin D, ng/mL 0.102 0.438 - 0.063 0.630

Abbreviations: COMP, cartilage oligomeric matrix protein; OA, osteoarthritis.
aPearson correlation test.
bSpearman rank correlation analysis.

5. Discussion

Cartilage destruction is the main characteristic of OA,
with increased serum concentrations of cartilage degrada-
tion products such as COMP (9). In the current research,
we observed that serum COMP levels were significantly
elevated in patients with OA in comparison to the con-
trols, which was in line with Darwish et al. (26) study
who found higher serum COMP levels in patients with OA.
Furthermore, a systematic review by Hoch et al. (27) con-
cluded that serum COMP was increased in patients with
radiographic knee OA in comparison to the healthy sub-
jects; additionally, higher serum COMP concentrations cor-
related with a trend toward greater radiographic OA sever-
ity. These findings declared the function of COMP as a joint
marker, which is difficult to be increased in healthy partici-

pants. Furthermore, it has been suggested that COMP is up-
regulated in late phases of OA either to renovate damage or
freshen the matrix, whereas high serum COMP levels in the
early phases of OA are due to the cartilage degradation (28).
In the present study, we reported significant correlations
between serum COMP with WOMAC score and OA grade,
which was consistent with Vilim et al. (29) study who re-
ported a significant correlation between serum COMP level
and a change in joint space width (JSW). Also, Clark et
al. (30) found a relationship between serum COMP con-
centrations and knee OA severity based on Kellgren and
Lawrence scale. Similar to our study, Wisowska and Jabon-
ska (22) found a significant correlation between serum
COMP level and WOMAC index. Moreover, a recent meta-
analysis demonstrated higher serum COMP levels in pa-
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tients with incident Knee OA (31). Therefore, serum COMP
has the possibility to be used as a prognostic marker of dis-
ease development, and it can be stated that COMP level is a
reflection on the clinical or functional situation of patients
since it may indicate early cartilage destruction, which
is not detectable by functional parameters. However, in
contrast to the present study, Bruyere et al. (32) could
not report any relationship between serum COMP and the
WOMAC index. Moreover, Darwish et al. (26) found no cor-
relation between serum COMP level with the WOMAC in-
dex.

Vitamin D is essential for regular bone and carti-
lage metabolism. Vitamin D insufficiency affects calcium
metabolism, osteoblastic activity, bone density, and articu-
lar cartilage turnover unfavorably (33). Vitamin D can de-
crease bone turnover and cartilage destruction; therefore,
likely may prevent the development of knee OA (34). Mul-
tiple investigations investigated the association between
serum 25-hydroxy vitamin D level and OA, which reported
paradoxical results. Based on our study, no significant dif-
ference was observed in serum 25-hydroxy vitamin D levels
between OA patients and the controls.

Furthermore, there were no significant correlations
between serum 25-hydroxy vitamin D level with clinical pa-
rameters, including WOMAC score and the grade of OA,
which was similar with Cakar et al. (35) study which indi-
cated no correlation between knee pain and vitamin D lev-
els in patients with knee OA. Moreover, Konstari et al. (36)
found no significant relationship between vitamin D and
the risk of knee or hip OA. Felson et al. (37) also showed
that vitamin D concentrations were not associated with
the radiographic exacerbation and cartilage deterioration
or radiologic symptom of the OA. In contrast to the present
study, Bergink et al. (11) demonstrated that low serum 25-
hydroxy vitamin D levels were associated with intense knee
pain, higher prevalence of radiographic knee OA, and a
higher risk of progression. Our results were also different
from Heidari et al. (18) who reported a high prevalence of
vitamin D deficiency and a significant positive relationship
between this deficiency and knee OA in patients less than
60 years of age. In another study, Ding et al. (38) indicated
that vitamin D levels were related to knee pain and reduced
knee cartilage loss, which was different from our study.
Furthermore, Muraki et al. (39) reported that lower vita-
min D concentrations might be associated with elevated
knee pain rather than radiographic changes. This contro-
versy between our results with previous reports might be
due to differences in study subjects, disease length, base-
line disease severity, and COMP and 25-hydroxy vitamin D
status as well as the type, dose, and length of therapies.

The novelty of the current study compared with pre-
vious reports was that no significant differences were ob-

served in serum calcium and 25-hydroxy vitamin D be-
tween OA patients and control subjects. In addition, for the
first time correlations between serum 25-hydroxy vitamin
D level with clinical parameters, including WOMAC score
and the grade of OA, as well as serum COMP, were assessed
and no significant correlations were observed.

5.1. Strengths and Limitations

The limitations of this study were the relatively small
sample size and that the majority of our patients were fe-
male. Also, because of the cross-sectional nature of the re-
search, we did not monitor the patients’ knee OA progres-
sion and vitamin D levels. The strength of the current study
was that we included a control group and compared mean
serum COMP and 25-hydroxy vitamin D levels between OA
patients and normal individuals.

5.2. Conclusion

In conclusion, our research demonstrated increased
serum COMP levels in OA patients in comparison to the
healthy subjects, which indicated a correlation with dis-
ease severity, whereas it lacks a significant correlation with
serum 25-hydroxy vitamin D levels. Although further stud-
ies are needed to confirm our results, COMP may be used as
a possible novel marker to measure OA development and
progression.
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