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ficant differences for adipokines such as chemerin, vis-
fatin, but not for leptin between both group. Moreover,
a significant correlation was found between pro-in-
flammatory cytokines and visfatin, chemerin.
Conclusion: Visfatin and chemerin correlated with in-
flammation and may be useful indicators of undiffe -
rentiated inflammatory arthritis in obese patients with
CSA. 
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INTRODUCTION

Obesity is a global health problem that has increased
prevalence in the last 50 years over worldwide. The
World Health Organization defined overweight and
obesity as abnormal or excessive fat accumulation that
may impair health1. Obesity has been proven to be a
major risk factor associated with type 2 diabetes melli-
tus, cardiovascular diseases, cancers, and musculoske-
letal diseases2-4. Obesity and overweight have also been
shown to be a risk factor associated with inflammatory
rheumatic diseases, seronegative inflammatory po -
lyarthritis, and psoriatic arthritis5,6. Arthritis may not
be present in patients with clinically suspicious arthral -
gia (CSA). These patients constitute only 7% of all arth-
ralgia patients who applied to the rheumatology cli-
nics7. European League Against Rheumatism (EULAR)
defined parameters for patients with arthralgia with out
clinical arthritis and other explanation for the arthral-
gia7. In this situation, acute phase reactants (APR) may
help to the clinicians for distinguishing arthralgia and
arthritis. However, in case there are some confounder
factors that affect APRs such as obesity, age etc., it may
limit the use of APRs.

Acute phase response includes metabolic, endocri-
nological, neurological and immunological reactions.
Acute phase proteins are mostly released from the liver
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ABSTRACT

Objective: Obesity is a moderate low-grade chronic in-
flammatory condition. The cause of low-grade inflam-
mation in obese patients who have clinically suspect
arthralgia (CSA) may be the subject of debate in clini-
cal practice. Our aim is to determine whether inflam-
mation is associated with obesity or rheumatic disease,
and the association between leptin, chemerin, visfatin
and inflammatory markers in obese patients with/with-
out musculoskeletal symptoms.
Methods: Seventy-four obese patients who admitted
to our rheumatology clinic with CSA were enrolled.
The control group consisted of 40 obese patients who
have no rheumatic symptoms. Body mass index (BMI)
was calculated in kg/m2 with body weight ratio to
height squared, and obesity was defined as BMI 30 or
above. Age, gender, BMI, waist and hip circumferences,
waist-to-hip ratio (WHR), erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), tumor necrosis
factor alpha (TNF-a), interleukin-6 (IL-6), interleukin-1
beta (IL-1b), leptin, chemerin, and visfatin were eva -
luated. The relationship between all parameters was 
assessed by Spearman correlation, Wilcoxon Signed-
-rank, and paired t-tests.
Results: There were no significant differences for age,
gender, ESR and CRP between obese patients with CSA
and control group. The mean TNF-a, IL-1b, IL-6 con-
centrations were 60.8 pg/mL, 39.9 pg/ml, and 26.2%
in obese patients with CSA, respectively. ESR, CRP,
TNF-a, IL-6, and IL-1b concentrations were higher in
these patients compared to obese patients without any
rheumatic symptoms. The mean WHR and waist cir-
cumference were 0.8±0.1 and 107.1±13.4 cm, respec-
tively in patients with CSA. IL-6 correlated with WHR
and waist circumference, positively. There were signi -
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and are stimulated mainly by cytokines such as tumor
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
and interleukin-1 beta (IL-1b) in acute or chronic in-
flammatory conditions8.  Proinflammatory cytokines
are major stimulators of APR and the increase of these
cytokines in obese adipose tissue has been reported9,10.

Obesity is a moderate low-grade chronic inflam-
matory condition. The function of adipose tissue in
obesity becomes pathological and the altered release
and expression of cytokines shift in the proinflamma-
tory direction11. Many cytokines such as TNF-a, IL-6,
IL-1b, IL-8, and adipokines such as chemerin, leptin,
and visfatin are released from adipose tissue. In recent
years, adipokines have been thought to play a role in
the development and progression of rheumatic disea-
ses and may be used as a biomarker or even a thera-
peutic target12-14.

According to adipose tissue distribution, two types
of obesity are mentioned. In the case of fat accumula-
tion mainly around the trunk and abdomen, is named
abdo minal or central obesity while in the hip or lo wer
extremities is named gynecoid obesity15. Central obe-
sity has more risk for many chronic diseases than gy-
necoid obesity. Body Mass Index (BMI) is a method of
predicting increasing total body fat mass, however,
does not reflect the proportion of body adipose tissue
distribution. In the evaluation of obesity, different an-
thropometric measurements such as waist circumfe -
rence, waist-to-hip ratio (WHR), waist-to-height ratio
were developed beside BMI. It has been shown that
the waist circumference is most sensitive for abdomi-
nal adipose tissue mass among these measurements16.
Despite the wide variety of measurement techniques
for waist circumference reported in the literature, the-
re is no consistent evidence of the superiority of a mea-
surement field over others for assessment and measu-
rement17.

The aim of the study is to determine whether in-
flammation in obese patients is associated with obesity
or any underlying inflammatory rheumatic disease.
Also, we evaluate the association between leptin, che-
merin, visfatin and inflammatory markers in obese pa-
tients with/without CSA.

MATERIALS AND METHODS

Seventy-four obese patients with CSA (4 male, 70 fe-
male, with the mean age of 47.09±10.7 years) who
admit ted to rheumatology clinic between March 2017

and January 2018 were enrolled. The control group
consisted of 40 obese patients (5 male, 35 female, with
the mean age of 44.9±10 years) who admitted to en-
docrinology and metabolism clinic without any rheu-
matic symptoms.

We excluded patients who fulfilled classification cri-
teria for any rheumatic diseases, disorders of the thy -
roid and parathyroid, soft tissue rheumatism like fi -
bromyalgia, electrolyte imbalance, malignancies,
infections, and patients with gynecoid obesity. There
was no medical history about using any drugs such as
non-steroidal anti-inflammatory drug or statins regu-
larly in the population included in the study. Age, gen-
der, BMI, waist and hip circumferences, WHR, acute-
phase reactants (erythrocyte sedimentation rate [ESR], 
C-reactive protein [CRP]), serology (anti-cyclic citrul-
linated peptide [anti-CCP], rheumatoid factor
[RF], antinuclear antibodies [ANA]) as well as IL-1b,
TNF-a, IL-6, leptin, visfatin, and chemerin serum le-
vels were evaluated. BMI clinically approximates body
fat percentage and was calculated in kg/m2 with body
weight ratio to height squared, and the obesity was de-
fined as BMI 30 or above1,15. Waist circumference was
measured at the level of the superior iliac crest and hip
circumference from the widest part of the pelvis. WHR
was obtained by calculating the ratio of the waist cir-
cumference to hip circumference18. The cut-off levels
of waist circumference for visceral obesity were de-
fined as 100 cm in males and 90 cm in females, res -
pectively16.

Blood samples were taken in gell tubes used in rou-
tine biochemical tests, centrifuged at 4000 g for 10 mi-
nutes. After centrifugation, each sample was separa-
ted into two Eppendorf tubes and stored in deep freeze
(-85 oC) until experiments were performed. In sera,
adipokine levels determined via commercial human
ELISA kit (Elabscience Biotechnology  Co., Lt), and
test results were calculated by Bioelisa Reader Elx800
using standard curve. The sensitivity of IL-1b and
TNF-a were indicated 4.69 pg/mL, and their detecti-
on range was 7.81-500 pg/mL. The calculated overall
intra-assay coefficient of variation for IL-6 was given as
3.4-5.2%. The sensitivity of leptin, chemerin and vis-
fatin were indicated as 46.88 pg/mL, 0.1 ng/mL, and
0.19 ng/mL, respectively. The detection range of the-
se adipokines were 78.13-5000 pg/mL, 0.16-10
ng/mL, and 0.31-20 ng/mL, respectively. The normal
reference range for ESR and CRP were as follows: 0-20
mm/h and 0-5 mg/dl.

The study protocol was approved by Adnan Men-
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deres University Faculty of Medicine Ethics Commit-
tee (approval number 2017/1057). A written informed
consent was obtained from each patient. The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

The distribution of normality was examined with
the Kolmogorov-Smirnov test. The statistical data were
presented as the number, percentage, mean±standard
deviation, and median (minimum-maximum). Wilco-
xon test and Mann Whitney U test were used for non-
parametric tests for variables without normal distribu-
tion. If the variables were in normal distribution,
student t-test and paired t-test were used to evaluate the
parameters. The correlation between the parameters
was assessed by Spearman and Pearson correlation co-
efficient. The value of r 0.0-0.19 was accepted as very
weak, 0.2-0.39 as weak, 0.4-0.59 as moderate, 0.6-
-0.79 as strong, and 0.80-1.0 as very strong. The Sta-
tistical Package for Social Sciences version 17.0
(SPSS for Windows Inc., Chicago, IL, USA) was used
to analyze the data. p<0.05 was accepted as statistically
significant.

RESULTS

One hundred and fourteen obese patients were inclu-

ded in the study. Most of the patients were female, with
the mean age of 46.7±11.1 years. The mean age of obe-
se patients with CSA was 47.09±10.7 years. The con-
trol group consisted of 40 obese patients without any
rheumatic symptoms and the mean age was 44.9±10
years. The mean BMI was 37.6±7.2 kg/m2 for obese pa-
tients with CSA. It was 36.9±4.8 kg/m2 for obese pati-
ents without any rheumatic symptoms. There were no
significant differences for sex, age, and BMI between
both groups. Autoantibodies of the all obese patients
included in the study were negative. The demographic
and clinical features of the patients are summarized in
Table I.

The levels of ESR and CRP were higher in obese pa-
tients with CSA compared to control group. The mean
ESR levels were 32.9±15.1 mm/h, 27.5±16.1 mm/h,
and the median CRP levels were 8.4 mg/dL and 7.6
mg/dL, respectively for both groups. There were no
signi ficant differences in acute phase reactants bet ween
obese patients with CSA and patients without any rheu-
matic symptoms.

The median serum TNF-a, IL-1b, IL-6 concentrati-
ons were 60.8 pg/mL, 39.9 pg/ml, and 26.2% in obe-
se patients with CSA and significantly higher than the
control group. The median serum levels of chemerin
and visfatin were found higher in obese patients with
CSA (p<0.001). There were significant differences for

TABLE I. DEMOgRApHIC CHARACTERISTICS AND LABORATORy vALUES Of OBESE pATIENTS wITH CLINICALLy

SUSpECT ARTHRALgIA AND wITHOUT ANy RHEUMATIC SyMpTOMS

With clinically Without any 
suspect artralgia rheumatic symptoms p-value

Obese patients (n) 74 40 -
Age (years) 47.09±10,7 44.9±10 NS
Gender (female/male) 70/4 35/5 NS
Body Mass Index (kg/m2) 37.6±7.2 36.9±4.8 NS
ESR (mm/h) 32.9±15.1 27.5±16.1 NS
CRP (mg/dL) 8.4 [0.1-35.3] 7.9 [1-54.7] NS
IL-1b (pg/mL) 39.9 [4-347.5] 20.4 [0.7-266.1] 0,04*
IL-6 (%) 26.2 [3.8-350.9] 13.2 [3-63] 0,001*
TNF-a (pg/mL) 60.8 [11.3-301.6] 36.2 [5.6-243.3] <0,001*
Visfatin (ng/mL) 4.8 [0.2-48.9] 1.5 [0.1-19.5] <0,001*
Chemerin (ng/mL) 4.2 [0.1-39.5] 1.3 [0.1-20.4] <0,001*
Leptin (pg/mL) 3460.8±510.9 3285.2±696.6 NS

NS: not significant, [minimum-maximum], ESR: erthyrocyte sedimentation rate, CRP: C-reactive protein, IL-1b: Interleukin-1b, 
IL-6:Interleukin-6, TNF-a: Tumor necrosis factor-a, *significant difference
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chemerin, visfatin, but not for leptin between both 
group (Table I).

The mean of waist and hip circumferences in pa-
tients with CSA were 107.1±13.4 cm and 122.8±14.0
cm, respectively. The mean level of waist circumferen-
ce was higher in patients with CSA than the control
group, but there was no statistical difference between
these groups (107.1±13.4 cm vs 106.8±14.6 cm, res-
pectively). We noted a positive moderate correlation
between waist circumference and BMI, hip circumfe-
rence and IL-6, and strong correlation between waist
circumference and IL-6. The mean WHR was 0.8±0.1,
and WHR moderately correlated with waist circumfe-
rence and IL-6. Correlations between parameters (wa-
ist circumference, WHR, cytokines, adipokines) in pa-
tients with CSA are shown in Table II. 

In obese patients with CSA, there was a weak corre-
lation between BMI and leptin. When visfatin and che-
merin were assessed, there was no correlation bet ween
BMI and these adipokines. Also, no correlation was 

found between BMI and pro-inflammatory cytokines
(TNF-a, IL-1b). There was a moderate correlation bet-
ween BMI and IL-6. But, chemerin and visfatin were
correlated with pro-inflammatory cytokines. The cor-
relation between BMI, proinflammatory cytokines, and
adipokines of obese patients with CSA are shown in
Table III.

DISCUSSION

In our study, the mean ESR and median CRP levels were
higher in obese patients with CSA than obese patients
without any symptoms. However, there was no statis-
tically significant difference between both groups for
acute phase reactants. Proinflammatory cytokines (IL-
-1b, IL-6, and TNF-a) were significantly higher in pa-
tients with CSA. There was no correlation between BMI
and proinflammatory cytokines, visfatin, and cheme-
rin except for IL-6 and leptin in obese patients with
CSA. Waist circumference correlated only with IL-6.
Visfatin and chemerin were significantly higher in obe-
se patients with CSA and correlated with proinflam-
matory cytokines. Therefore, increased levels of these
cytokines may be associated with undifferentiated arth-
ritis rather than obesity-related adipose tissue. Leptin
levels were higher in the patient group compared to
control group without any significant difference.  

As of 2016, more than 1.9 billion adults are over-
weight and over 650 million of those are obese. The
prevalence of overweight and obesity is 39% and 13%,
respectively1. By gender differences, 23.9% of women
were obese and 30.1% were overweight. Recently, the
relationship between obesity and rheumatic diseases
has been reported5,6. However, it may be difficult to dis-
tinguish between inflammation of rheumatic diseases
and obesity.

In practice, the most commonly used APRs are ESR

TABLE II. CORRELATIONS BETwEEN COMpARED

pARAMETERS IN OBESE pATIENTS wITH 

CLINICALLy SUSpECT ARTHRALgIA

Waist 
Circumference Waist-to-Hip 

(cm) Ratio
IL-1b (pg/mL) 0.131 0.047
IL-6 (%) 0.751* 0.439*
TNF-a (pg/mL) 0.405 0.041
Visfatin (ng/mL) 0.204 0.017
Chemerin (ng/mL) 0.146 0.068
Leptin (pg/mL) 0.149 0.075

*significant difference, BMI: Body Mass Index, IL-1b: Interleukin-1b,
IL-6:Interleukin-6, TNF-a: Tumor necrosis factor-a

TABLE III. CORRELATION BETwEEN BMI, pROINfLAMMATORy CyTOkINES, AND ADIpOkINES IN OBESE pATIENTS

wITH CLINICALLy SUSpECT ARTHRALgIA

BMI (kg/m2) IL-1β (pg/mL) IL-6 (%) TNF-α (pg/mL) 
BMI (kg/m2) 1,0 0,14 0,438* 0,025
Leptin (pg/mL) 0,321* 0,092 0,084 0,029
Chemerin (ng/mL) 0,049 0,499* 0,040 0,427*
Visfatin (ng/mL) 0,017 0,402* 0,171 0,550*

*significant difference, BMI: Body Mass Index, IL-1β: Interleukin-1β, IL-6:Interleukin-6, TNF-α: Tumor necrosis factor-α
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and CRP. In inflammatory conditions increased fibri-
nogen and immunoglobulin cause increased ESR, of
note, ESR may be affected by physiological conditions
such as pregnancy, age, sex, and technical errors8. ESR
and CRP are used to diagnose and assess the activity of
rheumatic diseases, such as systemic lupus erythema-
tosus (SLE), rheumatoid arthritis (RA), spondyloarth-
ritis, vasculitis. However, the activity of the disease does
not always correlate with APR19. In our study, the in-
flammation may be associated with undifferentiated
arthritis rather than obesity in patients with CSA. ESR
and CRP levels were higher in obese patients than the
control group, but there was no statistically significant
difference between both groups. Therefore, ESR and
CRP may not be useful to distinguish suspect arthral-
gia or arthritis in this group of patients due to the fact
that obesity itself is an inflammatory process. 

It was shown that IL-6 production increased in
omental and subcutaneous adipose tissue in obese sub-
jects and omental adipose tissue secretes 3-fold more
IL-6 than subcutaneous adipose tissue20. Additionally,
it was determined that the source of up to 30% of the
systemic IL-6 level was subcutaneous abdominal adi-
pose tissue and IL-6 positively correlated with BMI20.
Authors also found that TNF-a is not released mainly
from subcutaneous fat depot, thus, they speculated that
IL-6 levels increases with adiposity and IL-6 may have
synergistic role with leptin for regulating energy and
lipid metabolism21. In our study, there was a moderate
positive correlation between BMI and IL-6 (p<0.05,
r=0.438). No correlation was found between IL-1b,
TNF-a, and BMI. We believe that IL-6 is strongly as-
sociated with visceral adipose tissue and may have me-
tabolic effects as well as proinflammatory effects that
stimulate acute phase responses.

In a study investigating immunological mechanisms
in overweight RA patients, IL-1b and IL-21 showed a
positive correlation with BMI in overweight patients22.
In a large population-based study, the association with
BMI, waist circumference and IL-1b, IL-6, TNF-a, and
high sensitive CRP were evaluated. Participants with
abdominal obesity had higher levels of IL-6 and TNF-
-a, also TNF-a levels positively correlated with waist
circumference in men, and with BMI in female, on the
contrary, no differences were found in IL-1b levels as-
sociated with obesity markers, only % body fat negati-
vely associated with IL-1b on multivariate analysis and
authors considered it might be related to reduced adi-
pocyte differentiation23. When cytokine levels were eva-
luated with WHR and waist circumference; IL-6 and

waist circumference strongly, IL-6 and WHR modera-
tely correlated. Furthermore, a positive correlation was
found between waist circumference and BMI, waist cir-
cumference and WHR. There was no correlation be -
tween IL-1b, TNF-a and waist circumference. WHR is
an anthropometric measure of abdominal obesity that
seems to have a close correlation with BMI like waist
circumference. The ratio was reported as a promising
factor to predict cardiometabolic risk, myocardial in-
farcts, and death events24. In clinical practice, waist cir-
cumference measure and WHR which reflect visceral
adiposity may be more practical than BMI.

Adipokines are a group of peptides that synthesized
mostly from adipocytes but also from immunocytes
such as macrophages. They have various metabolic and
immunological functions and include many hormones
such as leptin, adiponectin, visfatin, apelin, vaspin,
hepcidin, chemerin, omentin25. One of the most im-
portant and the most studied among adipokines is lep-
tin, the first discovered adipokine is a non-glycolyse 16
kDa protein and belongs to type 1 cytokine superfa-
mily mainly released from white adipose tissue and po-
sitively correlates with BMI25. We found a weak corre-
lation between BMI and leptin in patients with CSA.
Generally, leptin levels in serum of patients with RA
were found higher than in healthy controls12,13,26. Ne-
vertheless, it has not been clearly associated with RA
pathogenesis and there is still no consensus. Leptin le-
vels were higher in obese patients with CSA than the
control group. However, there was no statistically sig-
nificant difference between both groups. Rho et al. fo-
und that serum leptin levels were higher in patients
with RA than in the control group and positively cor-
related with Disease Activity Score-28 (DAS28), CRP,
IL-6, and BMI12. Targonska et al. found a positive cor-
relation between leptin with DAS28, ESR and the num-
ber of tender joints26. On the other hand, Mirfeizi et al.
compared plasma leptin and visfatin levels in 29 RA
patients who had erosion on radiographic studies and
25 with no erosion and showed leptin correlated posi-
tively with BMI, but did not correlate with inflamma-
tory markers and erosive course in RA patients13. Also,
no correlation was reported between disease activity of
RA and serum leptin levels in another study27. There
was no correlation between leptin and proinflamma-
tory cytokines (IL-1b -IL-6, and TNF-a) in our study.
We consider that leptin has no proinflammatory effects,
thus it can not be a marker for inflammatory diseases.

Visfatin is synthesized from the liver, bone marrow,
skeletal muscle, and white adipose tissue, as well as
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produced by many immune system cells and synovial
fibroblasts and involved in inflammation26. In contrast
to leptin, there are controversial results with the asso-
ciation of visfatin and obesity. There are reports of in-
creased visfatin levels in obesity, nevertheless, some
have suggested that visfatin is not associated with obe-
sity and BMI12-14,28. In Rho et al. study, visfatin was sig-
nificantly higher in RA patients compared to controls,
positively correlated with TNF-a, IL-6, CRP, and ne-
utrophil count but not correlated with BMI12. In our
study, visfatin levels were statistically significantly hig-
her in obese patients with CSA compared to control
group. In Mirfeizi et al. study, visfatin significantly as-
sociated with erosive RA and had a positive correla tion
with CRP level, but no correlation with BMI13. In ano -
ther study by Sglunda et al., serum visfatin levels of 40
early RA patients were measured both before treatment
and three months after starting treatment and compa-
red them with 30 healthy controls aged and gender-
-matched14. Serum visfatin level was significantly hig-
her in untreated patients with early RA, correlated po-
sitively with CRP and DAS28 but not with BMI. Fur -
thermore, the decrease in visfatin levels after treatment
correlated with the improvement in disease activity,
hence, visfatin has been reported to be an independent
predictor of disease activity14. We found a moderate
correlation between visfatin and IL-1b, visfatin, and
TNF-a, but no correlation between visfatin and BMI,
visfatin and waist circumference. Based on these fin-
dings we come to the conclusion that visfatin is a pro-
inflammatory molecule, may play an independent role
in the pathogenesis of rheumatologic diseases and may
be a marker of undifferentiated arthritis.

Chemerin is an 18 kDa peptide released predomi-
nantly from the visceral adipose tissue and has both in-
flammatory and metabolic effects. It has been shown
that chemerin and its receptor chemerinR23 are highly
expressed in obese adipose tissue and associated with
BMI, blood pressure and plasma triglyceride level29.
Additionally, chemerin and its receptor are excreted by
synovial fibroblasts and chemerin has been found to
be increased in RA synovium and triggered the release
of IL-6, chemokine ligand 2 and matrix metalloprotei-
nase 3 from fibroblast-like synoviocytes30. In a study
by Ha et al., it was found chemerin levels were signifi-
cantly higher in RA patients compared to normal sub-
jects and positively correlated with RA disease activity
and negatively correlated with BMI31. Thus, they sug-
gested chemerin is indicative of systemic inflammati-
on rather than obesity in RA. The median chemerin le-

vels were higher in patients with CSA compared to obe-
se patients without any rheumatic symptoms, in our
study. There was no correlation between BMI and che-
merin, waist circumference and chemerin, however,
significant correlation was found between chemerin
and IL-1b, TNF-a in obese patients with CSA (Ta ble
III).

The highlights of the study is that adipokines may
be used in rheumatology practice in obese patients with
CSA in order to distinguish arthritis. We evaluated wa-
ist circumference, WHR with adipokines and cytokines
in a large population. However, our study has some li-
mitations. We are not able to evaluate non-obese pa-
tients with clinically suspect arthralgia and sex-depen-
dent differences due to few male patients. 

In conclusion, it may be difficult to distinguish CSA
whether it is a non-inflamatuary rheumatic disease or
undifferentiated/early arthritis in obese patients. The
differential diagnosis is important for management and
treatment of the rheumatic diseases. The moderate ele-
vation of ESR and CRP levels leads to confusion, espe-
cially in obese patients. Visfatin and chemerin may be
biomarkers in order to differentiate inflammatory arth-
ritis in obese patients with CSA, rather than leptin
which is more associated with obese adipose tissue.
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