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patients also are at increased risk of osteoporotic 
fracture of the axial as well as appendicular bones.3 
Osteoporosis is one of the main comorbidity in 
RA patients besides infection and cardiovascular 
disease.4 The prevalence of osteoporosis in RA 
patients ranges between 14.7 and 31.5%. Increase 
in the prevalence of osteoporosis increases the 
risk of osteoporotic fracture up to four times.5 This 
condition makes the management of RA more 
diffi cult and cause more fi nancial burden.6

Several cytokines play role in the pathogenesis 
of osteoporosis in RA, such as tumor necrosis factor 
α (TNFα),7 interleukin (IL)-1,8  IL-6,9,10 and IL-17.11 

Among those, IL-6 is of important consideration 
because, fi rstly, it has a relatively constant serum 
level;12 secondly, IL-6 in RA patients has synovial 
level that correlates with its serum level, which 
indicates synovial origin of the serum IL-6;13 
thirdly, local as well as generalized osteoporosis 
that is commonly found in active RA correlates 
well with the bone marrow level of IL-6.14

Kawiyana12 who conducted a study among 
estrogen-defi cient postmenopausal women in 
Bali reported that IL-6 level was signifi cantly 
higher in those with osteoporosis compared with 
those without osteoporosis. Mamohara et al15 
found an increase in bone-resorption activity in 
postmenopausal women with active RA. Another 
study found a signifi cant decrease in bone mass 
(measured in bone mineral density) in early RA 
patient and a signifi cant correlation of the decrease 
with disease activity.16

Advancement is also showed in the 
management of RA by the discovery of biologic 
agents that induce better response than disease-
modifying antirheumatic drugs. However, only less 
than 50% of patients reached American College 
of Rheumatology (ACR) 50 with anti-TNFα. 
Other agents such as rituximab and abatacept 
were effective in some patients that did not show 
response with anti-TNFα, but they rarely induce 
remission, and overall 50% improvement was not 
better than anti-TNFα. IL-6 with its pleiotropic 
effect, either in the activation of infl ammatory 
response or osteoclastogenesis, has been a target 
of therapy with tocilizumab, a human antibody 
against IL-6 receptor, which has entered phase II 
clinical trial.17

ABSTRACT
Background:  Rheumatoid arthritis (RA) is a chronic, 
systemic disease characterized by inflammation and 
cellular proliferation in the synovial lining of joints that 
can ultimately result in cartilage and bone destruction. 
Patients with RA are at increased risk of osteoporotic 
fractures in both axial and appendicular bones. 
Several cytokines are involved in the pathogenesis of 
osteoporotic RA patients, including tumor necrosis 
factor α, interleukin (IL)-1, IL-6, and IL-17. Among these 
cytokines, IL-6 has a pivotal role in the pathogenesis 
of increased bone resorption in postmenopausal RA 
patients. There are currently scarce data concerning this 
process in premenopausal RA patients.
Objective:  To determine the correlation of serum level 
IL-6 and disease activity with bone-resorption activity in 
premenopausal RA patients.
Methods:  This is a cross-sectional study with 
consecutive sampling method conducted at the Division 
of Rheumatology, Cipto Mangunkusumo General 
Hospital from June until August 2010. Bone-resorption 
activity was quantified using serum C-terminal cross-
linking telopeptide of type I collagen (CTx-I) level, 
while disease activity was assessed using the 28-joint 
disease activity (DAS28) score. Statistical analysis was 
performed to investigate the correlation of serum IL-6 
level and disease activity with serum CTx-I level.
Results:  There were 38 patients enrolled in this 
study. Mean serum level of IL-6 was 10.99 pg/mL (SD 
16.06). Mean serum level of CTx-I was 405.37 pg/mL 
(SD 199.32). There was no significant correlation (p = 
0.252) between serum IL-6 level with serum CTx-I level; 
however, a significant correlation existed (r = 0.389, p 
= 0.033) among seropositive patients. There was no 
significant correlation (p = 0.257) between the DAS28 
score with serum CTx-I level.
Conclusion:  There were no significant correlation 
either of serum IL-6 level or disease activity with serum 
CTx-I level among patients in this study.

Rheumatoid arthritis (RA) is a chronic systemic 
disorder characterized by synovial proliferation 
and infi ltration of infl ammatory cells, particularly 
CD4+ cells, which result in destruction of joint 
cartilage and bone.1,2 Besides joint destruction 
that can lead to morbidity and disability, which is 
the primary focus in the management of RA, the 
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Infl ammation in RA can be assessed by nonspecifi c 
laboratory tests such as C-reactive protein (CRP) or 
erythrocyte sedimentation rate, but the sensitivity or accuracy 
of these tests are limited in evaluating local erosion in bone 
or more generalized loss of bone mass. C-terminal cross-
linking telopeptide of type I collagen (CTx-I) is one of the 
more specifi c marker that can better represent bone-resorption 
activity in RA. Compared with other bone resorption markers, 
CTx-I is more specifi c in showing degradation of collagen 
type I, which is the main component of bone.18 Besides 
bone-resorption activity, serum or urine level of CTx-I is 
also useful in predicting fracture risk in elderly women. The 
Epidemiology of Osteoporosis (EPIDOS) study found that 
women with increased serum or urine CTx-I level above the 
level observed in premenopausal women have twofold risk of 
fracture of the proximal femur.19

PATIENTS AND METHODS
This study was conducted at the Division of Rheumatology 
at Cipto Mangunkusumo General Hospital from June until 
August 2010. Sample was collected using consecutive 
method. The inclusion criteria were premenopausal women 
who were diagnosed based on the 1987 ACR criteria for RA 
with the fi rst onset of disease at the age of >16 years old. 
The exclusion criteria were corticosteroid treatment with a 
dose equivalent to ≥7.5 mg of prednisone per day in the last 
1 month; treatment with bisphosphonate drugs, selective 
estrogen receptor modulators, calcitonin, or in hormone-
replacement therapy; presence of signs of acute infl ammation; 
clinical or radiological signs of tuberculosis; history of 
cigarette smoking or alcohol drinking; body mass index <18.5; 
and presence of the following conditions: diabetes mellitus, 
thyrotoxicosis, chronic liver disease, chronic kidney failure, 
or metastasis to the bone. All patients agreed to participate 
and signed informed consent. The study was approved by the 
Ethical Committee of the University of Indonesia School of 
Medicine.

We asked each patient to fi ll a questionnaire in order to 
obtain demographic as well as clinical data and performed 
physical examinations and blood sample test to obtain 
necessary data for disease activity and serum IL-6 and CTx-I 
level. 

Disease activity was measured using the 28-joint Disease 
Activity Score (DAS28)20,21 with 4 variables: swollen joint 
count (SJC, total 28), tender joint count (TJC, total 28), 
sedimentation rate (SR), and global health assessment using 
visual analogue scale (VAS) with a scale ranging from 0 to 
100.

Measurement of serum IL-6 level was performed using 
enzyme-linked immunosorbent assay with Quantikine Human 
IL-6 Immunoassay reagent (R and D System Inc., Minneapolis, 
USA). Bone resorption activity was measured by quantifying 
serum CTx-I level using electrochemiluminescence 
immunoassay (Roche Diagnostics Gmbh, Mannheim, 
Germany).

Statistical analysis
The collected data were analyzed using the Statistical 
Package for the Social Sciences (SPSS) software, version 
16. Correlations of the IL-6 and the CTx-I level with DAS28 
were analyzed by Pearson or Spearman test as appropriate. 
Signifi cance was defi ned as p<0.05.

RESULTS
Thirty eight patients were enrolled in this study; the mean age 
was 36.84 years old (SD 8.0) ranging from 19 to 50 years old. 
Most of the patients were in the 31- to 40-year old age group. 
The demographic and clinical characteristics of the patients 
are further elaborated in table 1 while the distribution of the 
serum IL-6 and CTx-I level among patients are presented in 
table 2.

Table 1   Characteristics of patients (N = 38)
Characteristics n (%)*
Age, mean (SD) (range) 36.84  (8.0)  (19–50)
≤20 years old 01  (2.6)
21–30 years old 05  (13.2)
31–40 years old 18  (47.4)
41–50 years old 14  (36.8)

Educational level
Low (none–elementary school) 04  (10.5)
Medium (junior high school–senior high 
school)

14  (36.8)

High (diploma, bachelor, master degree, or 
higher)

20  (52.6)

Occupation
Homemaker 15  (39.5)
Employee 08  (21.1)
Civil servant 06  (15.8)
Others 09  (23.6)

Ethnicity
Betawi 11  (28.9)
Javanese 10  (26.3)
Padang 07  (18.4)
Others 10  (26.3)

Body mass index, mean (SD) 22.9  (3.6)
Duration of disease, month, mean (SD) 46  (31.77)
DAS28 score, mean (SD) 03.88  (1.28)

Remission 07  (18.4)
Low disease activity 05  (13.2)
Medium disease activity 19  (50)
High disease activity 07  (18.4)

ESR, mm/hr, mean (SD) 37.47  (21.59)
Serologic test (RF or anti-CCP)

Postive 30  (78.9)
Negative 08  (21.1)

Disease-modifying antirheumatic drugs
Methotrexate 23  (60.5)
Methotrexate combination therapy 10  (26.3)
Sulfasalazine 04  (10.5)
Sulfasalazine/chloroquine combination 01  (2.6)

Analgesics/NSAIDs
Paracetamol 01  (3.6)
Nonselective NSAIDs 18  (47.4)
COX-2 selective NSAIDs 05  (13.2)
None 14  (36.8)

*Unless otherwise specified.
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DAS28, 28-joint Disease Activity Score; ESR, erythrocyte sedimentation 
rate; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide; 
NSAIDs, nonsteroidal anti-inflammatory drugs, COX-2, cyclooxygenase-2.

Table 2   Distribution of interleukin-6 (IL-6) and C-terminal cross-
linking telopeptide of type I collagen (CTx-I) level among patients

Mean (SD) Median (range)
IL-6, pg/mL 010.99  (16.06) 005.29  (1.30–81.66)
CTx-I, pg/mL 405.37  (199.32) 373.50  (78–960)

Correlation between serum CTx-I level and disease activity 
From the Pearson’s test we found no signifi cant correlation 
between the DAS28 score and serum CTx-I level (r = 0.189, 
p = 0.257). There was also no signifi cant correlation among 
seropositive patients (r = 0.335, p = 0.071). Scatter diagram 
of the correlation between serum CTx-I level and the DAS28 
score are presented in fi gure 1.
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Figure 1   Correlation between serum C-terminal cross-linking telopeptide of type I collagen (CTx-I) level and the 28-joint Disease 
Activity Score (DAS28) in all patients (A) and in seropositive patients (B). Both analysis showed no significant correlation between the 
variables (r = 0.189, p = 0.257 and r = 0.335, p = 0.071, respectively).

Correlation between serum IL-6 level and disease activity
From the Pearson’s test we found no signifi cant correlation between serum IL-6 level and the DAS28 score (r = 0.190, p = 0.252). 
However, signifi cant correlation existed among the seropositive patients (r = 0.389, p = 0.033). Scatter diagram of the correlation 
between serum IL-6 level and the DAS28 score are presented in fi gure 2.

Figure 2   Correlation between serum interleukin-6 (IL-6) level and the 28-joint Disease Activity Score (DAS28) in all patients (A) and in 
seropositive patients (B). Both analysis showed no significant correlation between the variables (r = 0.190, p = 0.252 and r = 0.389, 
p = 0.033, respectively).
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DISCUSSION
Among patients in this study, serum CTx-I level had a mean 
value of 405.37 with a range of 78–960 pg/mL. This result is 
higher than a previous study by Wislowska et al22 who found 
mean CTx-I level of 150 pg/mL with a range of 10–640 pg/
mL, although it is important to note that postmenopausal 
women were also included in that study. The CTx-I level in 
this study is relatively similar to a 10-year cohort study by 
Syversen et al23 who found a mean CTx-I value of 410 pg/
mL with a range of 310–750 pg/mL among patients with 
progressive joint damage and mean CTx-I value of 320 pg/
mL with a range of 210–490 pg/mL among patients without 
progressive joint damage.

Serum IL-6 level in this study had a mean value of 10.99 
pg/mL with a range of 1.30–81.66 pg/mL. Previous studies 
have shown various result of serum IL-6 level in RA patients. 
A relatively similar result in serum IL-6 level was found in 
studies by Knudsen et al24 who found a range of 1.8–68 pg/
mL, Litinsky et al25 who found a mean value of 16 pg/mL, and 
Shingada et al26 who found a mean value of 19.814 (SD 11.379) 
(the latter involved both male and female patients with active 
RA aged between 38 and 82 years old). A lower value of IL-6 
level could be found in a study by Kawiyana et al12 who study 
the IL-6 level in estrogen-defi cient postmenopausal women 
with and without osteoporosis; mean values of IL-6 level were 
3.47 (SD 1.75) and 2.51 (SD 1.13) in the osteoporosis and 
non-osteoporosis group, respectively. These data suggest that 
serum IL-6 level is higher in women with RA regardless of 
the menstrual status. A higher IL-level was found in a study 
by Robak et al27 with mean IL-6 value of 52.7 pg/mL with a 
range of 1.5–234 pg/mL.

In this study we found no signifi cant correlation between 
disease activity and bone resorption activity, both in all patients 
and in seropositive patients. However, there was a tendency 
that the seropositive patients, which had more severe disease 
activity, had higher bone resorption activity. Wislowska et al22 
also found no signifi cant correlation between disease activity 
and serum CTx-I level. This nonsignifi cant correlation could 
be caused by several conditions, one of which is that the 
disease activity as measured by DAS28 do not fully represent 
systemic infl ammation at the time of the study. Van Tuyl et al 
in his review28 stated that the percentage of remission varied 
from 9% when using the ACR to 20% when using the DAS28. 
This means that when using the DAS28, there is a substantial 
residual disease activity. Other conditions that may affect 
the result were duration of disease, which correlates with the 
serum CTx-I level. Wislowska et al22 in their study found that 
RA patients with disease duration of more than 10 years have 
signifi cantly lower level of CTx-I than patients with disease 
duration of less than 10 years, which means that the bone 
turnover activity are lower with longer duration of disease.

IL-6 is one of the cytokines that have important role in 
RA-related osteoclastogenesis. Several mechanisms involved 
in the effect of IL-6 on osteoblast, osteoclast, or cells of the 
immune system, such as T lymphocyte, macrophage, and 
fi broblast that in the end increase the expression of receptor 
activator of nuclear factor-κB ligand (RANKL) and thus causes 
proliferation, differentiation, and activation of osteoclast to 

perform bone-resorption activity.29,30

Analysis on the samples from 38 patients in this study 
failed to show statistically signifi cant correlation between 
serum IL-6 level and serum CTx-I level. As has been stated, 
there are four types of cytokines that have role in increasing 
bone-resorption activity in RA. The other cytokines may have 
more dominant infl uence on bone-resorption activity, which 
could explain the result of our study. Studies that involve the 
other cytokines may improve our understanding of the role of 
the other cytokines. Moreover, it also possible that yet another 
cytokine exists that has even more infl uence on the bone-
resorption activity. 

The infl uence of genetic factors on bone-resorption 
activity is also of important consideration. Ferrari et al31 in 
his study that enrolled postmenopausal healthy women found 
two polymorphism of the gene that regulate IL-6 expression, 
which in turn infl uence the CRP level and bone-resorption 
activity. Polymorphism of vitamin D receptor is another 
genetic factor that has been proven to infl uence the decrease 
in bone mass in RA patients. Two alleles from the vitamin D 
receptor gene are associated with systemic decrease in bone 
mass in RA patients.32

A signifi cant result was obtained when the analysis was 
performed on only the seropositive samples. This is in line with 
previous studies which stated that seropositive RA patients, 
either RF-positive or anti-CCP–positive, showed more severe 
disease activity, more joint erosion, and more progressive 
disease with bone destruction compared with seronegative RA 
patients.33 Shingada et al26 in a study that involved 35 active 
RA patients also found similar result: there was a signifi cant 
positive correlation (r = 0.352, p = 0.03) between serum CTx-I 
level and serum IL-6 level.

The positive correlation of serum IL-6 and CTx-I level 
in this study also support the possibility of the role of IL-6 
in increasing the degradation of type-I collagen because of 
bone resorption, particularly in premenopausal women with 
seropositive RA.

There are several limitations that may infl uence the result 
of this study and important to consider in the interpretation. 
First, this study did not control the use of NSAIDs among 
the patients. NSAIDs use may affect the measurement of 
DAS28 (while the joint and bone damage remain unaffected). 
Secondly, patients enrolled in this study had a wide range of 
duration of disease. In early RA, joint tenderness and swelling 
is minimal; so the patient will have lower DAS28 score, while 
degradation of joint cartilage and bone is already in process. 
In contrast, with longer duration of disease there is a decrease 
in bone turnover. Thirdly, this study did not evaluate bone 
formation; therefore, decrease in bone mass among patients 
in this study may be the result of increased bone resorption 
or decreased bone formation, or the combination of both 
processes.

CONCLUSION
Among the premenopausal RA patients in this study, there 
were no signifi cant correlation of serum IL-6 level and disease 
activity with bone-resorption activity.
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