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Introduction
Rheumatoid arthritis (RA) is a chronic systemic autoim-

mune and destructive disorder characterized by synovial 
hyperplasia and progressive damage to the articular struc-
ture in most patients, which can lead to deformity and dys-
function [1]. Inflammatory cell recruitment and high con�-
centrations of proinflammatory cytokines in the synovial 
fluid and circulation of RA patients are some crucial path-
ogenic causes [2]. Numerous etiologies including genetic 
and environmental factors are responsible for this disease 
[3]. As atherosclerosis occurs faster than usual or sooner 
than expected in RA patients, factors like adipocytokine 
have been considered in its pathogenesis. Adiponectin is a 
multifunction cytokine that is secreted from adipocytes. It 
plays a central metabolic role by its insulin sensitivity and 
anti-atherogenic effects. On the other hand, the influence 
of adiponectin on immune response is still controversial 
because of its pro- and anti-inflammatory properties [3].
Recently, several studies have suggested that adipocytes 
have the potential to secrete proinflammatory molecules, 

complement factors, signaling molecules, growth factors, 
and adhesion molecules [4-7] which can cause tissue in�-
flammation. Adiponectin may have an important role in 
the pathogenesis of RA because of the similarity of its 
two receptors with tumor necrosis factor alpha (TNF_a) 
[8,9]. Serum and synovial levels of adiponectin were in�-
creased in RA patients. It has been shown that adiponectin 
has a positive correlation with the serum levels of certain 
inflammatory cytokines such as VEGF, MMP, TNF-a, 
IL-1ß, IL-6, and IL-8 which are secreted from synovial 
fibroblasts because of the proinflammatory effect of adi-
ponectin on creating synovitis and its dissociative effect in 
the intracellular matrix in RA [10,11]. However, the exact 
role of adiponectin in RA remains unknown because of 
conflicting reports about its function [10, 12-15].

With regard to the proinflammatory effects of adiponec-
tin, in this study, adiponectin levels in the serum and syn-
ovial fluid of RA patients were measured and compared 
with those of OA patients as the control group.
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 This case control study investigated the serum and synovial fluid adiponectin levels in 33 patients with rheumatoid arthritis (RA)
and 26 patients with osteoarthritis (OA) as the control group.
A venous blood sample was collected from each patient in fasting condition to measure plasma adiponectin. At the same time, syn-
 ovial fluid was aspirated aseptically from the swollen knee joint of all patients and controls. Blood and synovial fluid samples were
 centrifuged at 5,000 rpm for 5 min, then frozen and stored at -20 °C. For analysis of data, the independent t test, Mann-Whitney
test, Kolmogorov-Smirnov test, Pearson’s correlation, and linear regression analysis were utilized.
 Serum and synovial fluid adiponectin levels were significantly higher in RA patients than OA subjects (P value<0.01 and 
 P value<0.001, respectively). In RA patients, serum adiponectin levels were considerably higher than synovial fluid adiponectin
 levels (P value<0.001). A significant correlation was found between serum and synovial fluid adiponectin levels (P value<0.001,
 r=0.63) and also between serum adiponectin level and disease duration in RA patients (P value=0.01, r=0.42. Serum and synovial
 fluid adiponectin were not related to age, body mass index, or disease activity in RA patients.
 The present study revealed that adiponectin levels were increased in the serum and synovial fluid of RA patients compared with
OA patients, and these levels may have a significant role in the pathogenesis of RA.
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Materials and  Methods
Study Subjects
In this case-control study, all patients who referred to the 

Rheumatic Diseases Research Center (RDRC), Mashhad 
University of Medical Sciences, Mashhad, Iran, between 
Jan., 2012 and Feb., 2013 were examined for eligibility. 
In total, 33 RA patients diagnosed according to the 1987 
ACR criteria who had knee effusion needing therapeutic 
arthrocentesis were recruited as the study group [12]. The 
control group comprised 26 patients diagnosed with knee 
osteoarthritis based on ACR criteria who were candidates 
for therapeutic arthrocentesis. All participants signed an 
informed consent form prior to the initiation of the study. 
The study was approved by the Mashhad University of 
Medical Sciences Ethics Committee.

A questionnaire collecting data on demographics, drug 
history, tender and swollen joints count, patients visual an-
alogue scale (VAS), erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), rheumatoid factor (RF), anti-cy-
clic citrullinated peptide antibody (ACPA), and results of 
disease activity score 28 (DAS28ESR) were completed 
for each participant. Exclusion criteria included other con-
nective tissue disorders, any type of coagulopathy, active 
infection, hypertension, recent (<6 weeks) injection of 
corticosteroids into the knees, diabetes, body mass index 
(BMI) ≥30kg/m2, treatment with insulin, Thiazolidinedi-
ones, Telmisartan, Glimepiride, or biologic drugs such as 
anti TNF-α which can affect adiponectin secretion levels. 

Adiponectin Measurement
A venous blood sample was collected from each patient 

in fasting condition to measure plasma adiponectin. At the 
same time, synovial fluid was aspirated aseptically from 

the swollen knee joint of all patients and controls. Blood 
and synovial fluid samples were centrifuged at 5,000 rpm 
for 5 min, then frozen and stored at -20 °C. Adiponectin 
levels were detected using ELISA (E09, Mediagnost Com-
pany). The inter- and intra-assay coefficients of variabili-
ty were considered as below 6.7% and 4.7%, respective-
ly.	

The study protocol was reviewed and approved by the 
local Ethics Committee of Mashhad University of Medical 
Sciences, and informed consent was obtained from each 
participant prior to study initiation.

Statistical analysis
Statistical analysis results are expressed as means ± 

standard deviation. Baseline demographics and clinical 
characteristics were compared between the two groups us-
ing the independent t and Mann-Whitney tests. Normality 
was evaluated using the Kolmogorov-Smirnov test. The 
correlation coefficient was obtained by Pearson’s corre-
lation or the non-parametric Spearman correlation coeffi-
cient test wherever appropriate. Linear regression analy-
sis was used to control confounder variables. A value of  
P value<0.05 was considered statistically significant.

 Results
This study was carried out on 33 RA patients, 27 (81.8%) 

females and 6 (18.2%) males, and 26 OA patients, 17 
(65.4%) females and 9 (25.4%) males. Mean ages of RA 
and OA patients were 50.97±15.18 and 58.62±8.23 years, 
respectively. The mean age and BMI of OA patients were 
significantly higher than those of RA patients [(P val-
ue=0.01, t=2.46) and (P value=0.005, t=2.95), respective-
ly]. DAS 28 was 6.21±1.5 and disease duration was 7.4± 
6.4 years in RA patients. Table 1 shows the demographic 
and clinical parameters of patients with RA and OA.

RA (n=33) OA (n=26) P value
Age (yrs) 50.97±15.18 58.62±8.23 0.01
Female (%) 81.8 65.4 0.1
Mean disease duration (yrs) 7.4±6.4 4.7±5.1 0.07

Serum
Adiponectin level (µg/ml)

11.62± 6.61 6.43± 3.77 P<0.001

Synovial fluid Adiponectin level(µg/ml) 2.87±2.23 0.42±0.21 P<0.001
ESR (mm/h) 37.09±25.15
DAS-28 ESR 6.21±1.5
BMI (kg/m2) 23.02±3.06 25.39±3.02 0.005

RA: Rheumatoid arthritis; OA: Osteoarthritis: ESR: erythrocyte sedimentation rate: DAS-28: disease activity score 28: 
BMI: body mass index.

Table 1. Clinical and Demographic Parameters in Patients with RA and OA
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The serum level of adiponectin in patients with RA was 
11.62±6.61 µg/ml, while it was 6.43±3.77 µg/ml in OA pa-
tients (P value<0.01). The level of adiponectin in the syn-
ovial fluid of RA patients was 2.87±2.23 µg/ml. The same 
value was 0.42±0.21 µg/ml in OA patients, indicating a 
significantly higher level in RA patients (P value<0.001). 
After omitting the effect of gender, BMI, and disease dura-
tion, variance analysis results were still statistically signif-
icant. Moreover, serum adiponectin levels in RA patients 
were significantly higher than synovial fluid adiponectin 
levels (P value<0.001).

In RA patients, the mean level of serum adiponectin was 
10.37±3.38 µg/ml in males and 11.90±7.15 µg/ml in fe-
males, showing no significant difference regarding gender 
(P value=0.4, t=0.78). Adiponectin levels in the synovial 
fluid of RA patients were 3.52±1.25 µg/ml in males and 
2.73±1.25 µg/ml in females, again revealing no meaningful 
difference (P value=0.27, t=1.1). In OA patients, the mean 
level of adiponectin in serum was 6.20±3.95 in males and 
6.51±3.79 in females with no statistical difference between 
genders (P value=0.89, t=0.13). In the synovial fluid of 
OA patients, the adiponectin level was 0.32±0.16 among 
males and 0.47±0.21 in females, indicating no meaningful 
difference based on gender (P value=0.06, t=1.9). A signif-
icantly higher Sf/serum ratio for adiponectin was found in 
RA patients compared with the OA group (P value=0.00) 
(Table 1). 

There was a considerable correlation between serum 
and synovial fluid adiponectin levels in RA patients  
(P value<0.001, r=0.63); however, such a correlation was 
not achieved in OA patients (Table 2). In patients with RA, 

neither serum nor synovial fluid adiponectin levels were 
correlated with BMI (P value=0.68, r=0.07 and P value 
=0.13, r=0.26, respectively). The same results were also 
detected in OA patients (Table 2). However, a significant 
correlation between serum adiponectin level and disease 
duration in RA patients was observed when compared with 
OA controls (P value=0.01, r=0.42).

The majority of patients with RA in this study had high 
disease activity measured according to DAS28 (mean: 
6.21±1.5). When applying Pearson’s correlation analysis, 
no relationship was detected between disease activity and 
serum adiponectin level in RA patients (P value=0.5). The 
results were similar for adiponectin level in synovial fluid 
(P value=0.9). When RA patients were classified accord-
ing to DAS activity, again, no correlation was detected 
between serum and synovial fluid adiponectin levels and 
mild (DAS28<3.2), moderate (<3.2DAS28≤5.1), and high 
disease activity (DAS28>5.1). No significant relationship 
between adiponectin in either serum (P value=0.7) or syn-
ovial fluid (P value=0.8) and serum anti-CCP levels was 
observed. Furthermore, inflammatory markers such as 
CRP and ESR were not related to adiponectin levels, in 
either the serum or the synovial fluid of RA patients (Table 
2). The correlations between Sf/serum ratio and clinical/
laboratory manifestations of RA and OA were measured. 
No correlation was observed between Sf/serum adiponec-
tin ratio and the following variables in OA and RA pa-
tients: ESR, CRP, BMI, ACPA, VAS, and DAS 28.

The same correlations were performed once again using 
regression analysis, and even after omitting the effects of 
age, gender, and BMI, similar results were achieved.

Table 2. Correlation between serum and synovial fluid adiponectin levels and their clinical and laboratory data in RA and OA 
patients. 

                                RA                                   OA                       

Serum adiponectin Synovial fluid adiponectin Serum adiponectin Synovial fluid adiponectin

Serum adiponectin P<0.001,r=0.63 P=0.47,r=0.14
Synovial fluid adi-
ponectin P<0.001,r=0.63 P=0.47,r=0.14

Disease duration
P=0.01,
R=0.42

P=0.02,
R=0.3

P=0.13, r=0.30 P=0.38, r=0.17

BMI   P=0.68, r=0.07 P=0.13, r=0.26 P=0.32, r=0.20 P= 0.84, r=0.04

ESR P=0.8, r=0.44 P=0.58, r=-0.09
CRP P=0.4, r=0.18 P=0.36, r=0.19
VAS     P=0.83, r=-0.03 P=0.47,r=-0.12
+ACPA   P=0.62, r=-0.1 P=0.83, r=-0.04
-ACPA   P=0.82,r=0.08 P=0.4,r=-0.31
DAS 28-ESR P=0.5, r=0.12 P=0.9,r=-0.001
RA: Rheumatoid arthritis; OA: Osteoarthritis: BMI: body mass index; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; VAS: 
visual analogue scale; ACPA: anti citrullinated peptide antibody; DAS-28: disease activity score 28
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Discussion
The majority of research investigating the role of ad-

iponectin in inflammation has pointed out that the level 
of this cytokine increases during an inflammatory process 
[13-17]. However, other studies have reported paradoxical 
effects of adiponectin on inflammation [18-20]. The pres�-
ent study determined the concentration of adiponectin in 
matched serum and synovial fluid samples of patients with 
rheumatoid arthritis and compared them with the same val-
ues in individuals with osteoarthritis to evaluate its role in 
RA. The results demonstrated increased adiponectin levels 
in the serum and synovial fluid of RA patients compared 
to OA patients, which is in agreement with most similar 
studies [13-17]. It was also found that in RA patients, ad�-
iponectin concentration was markedly higher in serum 
than in synovial fluid. This could be justified by the higher 
amounts of peripheral fat stores which secrete adiponectin 
into the blood stream [14]. 

In accordance with the study of Schaffler et al. [13], the 
current study found adiponectin levels in the synovial fluid 
of RA patients were around seven times higher than those 
in OA patients. However, the serum level of adiponectin 
in RA patients was twice as high as that of the controls. 
This difference may be due to the greater production of 
this factor in synovial fluid than in serum under inflam-
matory conditions. In vitro studies have shown that under 
inflammatory conditions, besides fat tissue, adiponectin 
can be produced by all knee structures, including the in-
frapatellar adipose tissue, osteophytes, cartilage, and bone 
[14]. The main cells that are responsible for the secretion 
of adiponectin are adipocytes, osteoblasts, synovial fibro-
blasts, and skeletal muscle cells [21-23]. Furthermore, the 
most important factor in adiponectin secretion is the stim-
ulation of inflammatory cytokines and oxidative stress in 
those aforementioned parts [14].

Lee et al. demonstrated that adiponectin and IL-1β may 
act synergistically on the production of proinflammatory 
mediators such as IL-6, IL-8, and PGE2 in inflammatory 
arthritic joints [4]. In their recent study, they suggested that 
the role of adiponectin is more important than that of IL-1β 
in the production of IL-6 and IL-8 in endothelial cells at 
their physiological concentrations [7].

The assessment of DAS activity in RA patients showed 
no correlation between adiponectin levels and disease ac-
tivity; this could be due to the small number of patients in 
each group.

Corresponding to the present findings, Targonska et al. 
[10] in 2010 reported a positive correlation between serum 
and synovial fluid adiponectin levels and disease duration 
in RA patients. Different factors may have a role in the 
rise of adiponectin level in long term RA, e.g. rheumatoid 
cachexia, early atherosclerosis, and progression of the dis-

ease [24]. On the other hand, some investigations indicate 
that the rise in adiponectin level in RA acts as a protecting 
factor against the atherosclerotic effects of longstanding 
disease [25-28]. 

Similar to the current findings, several studies have re-
ported no correlation between adiponectin levels and BMI 
in RA patients [14, 25, 26]. This may be related to the ex�-
clusion of patients with a BMI>30 from the current study. 
Moreover, certain investigations on different inflammato-
ry and autoimmune diseases have shown no relationship 
between adiponectin level and BMI [14]. This result can 
also suggest that the regulation of the serum level of adi-
ponectin is complex, and weight is not the only major reg-
ulatory factor. 

Nevertheless, no association between adiponectin and 
systemic inflammatory markers such as CRP or ESR was 
observed in the current study, which is in agreement with 
other related studies [14, 15, 21, 22]. Moreover, no corre�-
lation between adiponectin levels and ACPA was found in 
the current study, which may be due to the higher produc-
tion of adiponectin in synovial fluid rather than serum with 
a smaller effect on systemic factors.

In their study, Honsawek and Chayanupatkul also meas-
ured adiponectin concentrations in plasma and synovial 
fluid of patients with knee OA and examined the correla-
tion between adiponectin levels and disease severity. They 
discovered that adiponectin levels in both plasma and syn-
ovial fluid were reduced significantly as the severity of 
OA increased. These findings imply that adiponectin may 
have a protective role in OA. More studies are needed in 
order to gain further understanding of the potential utili-
ty of adiponectin as a biochemical determinant of disease 
progression and prognosis [29].

In conclusion, the present study showed higher amounts 
of adiponectin in systemic circulation compared to synovi-
al fluid. However, its higher level in the synovial fluid of 
RA patients compared with OA patients suggests that local 
inflammation may have a role in this elevation.

On the other hand, its high level in the synovial fluid of 
RA patients might be due to the high serum levels and dis-
ease activity. Therefore, it could not be proven with cer-
tainty that adiponectin is a marker of local inflammation 
in RA. In comparison to OA, this study suggested a higher 
Sf/serum ratio of adiponectin in RA samples. That finding 
could be a consequence of higher inflammation or the in-
flammatory role of adiponectin in RA. 

To date, different clinical and experimental studies have 
been performed on adiponectin activity, and our knowledge 
regarding this factor is increasing. A better understanding 
of the genetic basis of adiponectin in different diseases and 
the cellular events developing in these conditions can en-
hance our knowledge leading to the administration of new 
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methods and better treatment of such cases.
Larger studies are still needed to further clarify the poten-

tial influence of adiponectin on disease outcome.
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