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was also found to be correlated with CRP, ESR and
ADMA (r=0.38, 0.61, 0.21 respectively). Higher pro-
tein intake was accompanied with higher CRP and ESR
and higher carbohydrate intake was related to higher
CRP and lower nesfatin-1.
Conclusions: Weight, BMI, and WC were correlated
with the activity of RA and the concentrations of CRP
and ESR went up in tandem with BMI. In addition,
ADMA, but not nesfatin-1, was associated with BMI
and disease activity in RA patients. 

Keywords: Rheumatoid arthritis (RA); Body mass in-
dex (BMI); Nutrition; Inflammation; Adipokine

IntroductIon

Rheumatoid arthritis (RA) is a chronic, systemic, and
autoimmune disease that affects around one percent of
adults worldwide and is associated with disability, loss
of productivity, and decreased life expectancy and
quali ty1. The etiology of RA is not clear, while the de-
velopment of disease may be affected by both genetic
susceptibility and life style risk factors including nutri-
tion2, 3. 
There has been a long-standing debate whether diet

plays a pivotal role in autoimmune diseases including
RA4, 5. Various dietary patterns and some specific nu-
trients are speculated to be relevant to the occurrence
of the disease. Although none of these diets or nutrients
has been proven to be clinically effective so far, there is
no doubt all RA patients can benefit from a balanced
diet. One of the common consequents of imbalanced
diet is obesity which is shown to have a correlation with
the activity of RA. In a population-based prospective
cohort study, it has been recently reported that overall
RA risk was 10% higher for each 5% increment of to-
tal body fat, 5% higher for each 5cm increment of waist
circumference (WC), and nearly 50% higher in those
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AbstrAct

Objective: The aim of this study was to explore the an-
thropometric status of rheumatoid arthritis (RA) patients,
as well as two controversial adipokines, namely nesfatin-
1 and asymmetric dimethylarginine (ADMA), to reveal
the possible relationships between them and RA. 
Methods: This study included RA patients who ful-
filled the American college of rheumatology classifica-
tion criteria. Anthropometric parameters including
height, weight, and waist circumference (WC) were
measured and body mass index (BMI) was calculated.
Disease activity was assessed by 28 joints disease acti -
vity score (DAS28). Fasting plasma samples were col-
lected and erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), nesfatin-1 and asymmetric
dimethylarginine (ADMA) were determined using com-
mercial kits. Statistical analyses were done using the
BMI SPSS Statistics. 
Results: A total of 77 patients including 63 females,
with an average age of 48.45±11.26 and disease dura-
tion of 9.99±5.80 years participated the study, 62% of
whom were overweight or obese. Disease activity was
significantly higher in obese patients. In addition, BMI
and WC were correlated with CRP and ESR, indicating
higher level of inflammation in obese patients. DAS28
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with an obese compared to normal body mass index
(BMI)6, 7. Obesity-induced chronic inflammation might
be an important contributor of developing and wor -
sening inflammatory diseases such as RA. C-reactive
protein (CRP) and erythrocyte sedimentation rate
(ESR) can be considered as inflammation indicators in
RA patients. In addition, most of adipokines are in-
volved in modulation of inflammation and thus might
hypothetically play a role in RA pathogenesis8. Some
studies have shown that adipokines including leptin,
resistin, and visfatin may contribute to RA patho-
physiology. Obesity and increased body fat mass are
associated with higher production of adipokines with
pro-inflammatory characteristics9-11.
In this study, two other controversial adipokines,

namely nesfatin-1 and asymmetric dimethylarginine
(ADMA), were evaluated to reveal the possible rela-
tionships between them and RA activity12. The rela-
tionship between nesfatin-1 and body fat mass is still
controversial. This anorexigenic peptide is also in-
volved in glucose homeostasis, regulation of cardio-
vascular functions, and responses to stressors13; how-
ever, little is known about the role of nesfatin-1 in
rheumatic diseases. ADMA, which is reported to in-
creases in obesity and RA, inhibits vascular nitric oxi -
de production endogenously and, in high levels, could
contribute to impaired endothelium function and car-
diovascular diseases14-16.
The aim of this study was to analyze the correlation

between disease activity with inflammation indicators,
and some adipokines, namely nesfatin-1 and ADMA.

mAterIALs And methods 

study PoPuLAtIon

This study included RA patients with the age range of
20-70 years, who fulfilled the 1987 American college
of rheumatology classification criteria17. All patients
had RA for at least 2 years and were treated in the cli -
nic of rheumatology. This study was approved by the
ethics committee and an informed consent was 
obtained from all participants. Patients with cardio-
vascular disease, kidney disease, liver disease, metabo -
lic disease, cancer, diabetes, pregnancy and lactation,
smoking, and taking drugs (such as biologics, hor-
mones, cyclophosphamide and mycophenolate) were
excluded from the study to include patients with more
homogeneity and comparability.
Anthropometric parameters including height,

weight, and waist circumference and body mass index
were measured for all patients. Height and weight were
measured without shoes and with light clothes. Waist
circumference was measured at umbilicus level. BMI
was calculated as the ratio of weight in kilograms and
squared height in meter. Nutritional data were col-
lected by a trained nutritionist using food frequency
questionnaire (FFQ) and three-day dietary records and
were analyzed by Nutritionist-4 software. Disease ac-
tivity was assessed by 28 joints disease activity score
(DAS28)18. DAS28 is a validated index that can be cal-
culated using the number of tender (TJC28) and
swollen joint count (SJC28), erythrocyte sedimenta-
tion rate (ESR), and patient’s global assessment which
is measured by a visual analog scale (VAS). The for-
mula is: DAS28 = 0.56*√ (28 TJC) + 0.28*√ (28SJC)
+ 0.70*Ln (ESR/CRP) + 0.014*VAS. DAS28 index
ranges from 0 to 10 and is graded to low (DAS28<3.2),
moderate (3.2<DAS28<5.1), and severe (DAS28>5.1).
A DAS28 of less than 2.6 considered as remission.

LAborAtory PArAmeters

Blood samples were collected after 10-12 hours fas -
ting between 9:00-10:00 AM. Collected samples were
centrifuged for 10 minutes at 1500g with the purpose
of separating serum and the serum stored in -80oC.
ESR was measured via Convergys device (Convergent
Technologies GmbH, Marburg, Germany). Plasma le -
vel of nesfatin-1, ADMA, and high sensitivity C-reacti -
ve protein (hs-CRP) were determined using enzyme-
linked immunosorbent assay (ELISA) commercial kits
and according to the manufacturer’s instructions
(Cusa bio Biotech., China; Monobind Inc., USA). 

stAtIstIcAL AnALysIs

Statistical analyses were done using the IBM SPSS®
Statistics) version 21, SPSS Inc., Chicago, IL, USA).
The continuous and categorical variables were ex-
pressed as mean and percentages, respectively. Besides,
the correlation study was done using bivariate Pear-
son test. Obese and non-obese patients were compared
by student’s t-test. P <0.05 was considered statistical-
ly significant.

resuLts

A total of 86 patients were approached and 9 were ex-
cluded due to changes in medications and travel. Fi-
nally, 77 patients including 63 females with the ave rage
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age of 48.45 ± 11.26 and disease duration of 9.99 ±
5.80 years were assessed in this study (Table I). Mean
BMI was 28.13±5.69 kg/m2 and 62% of the patients
were overweight or obese according to the definition
given for obesity by the World Health Organization
(WHO) which categorizes BMI>25 as overweight and
BMI>30 as obese. WC was 93.81±12.58 centimeters
and, based on National Institutes of Health (NIH) clas-
sification (>102 cm for men and >88 cm for women),
61% were obese. 82% of participants were taking di -
sease-modifying anti-rheumatic drugs (DMARDs), 6%
were nonsteroidal anti-inflammatory drugs (NSAIDs)
users and 93% were treated with glucocorticoids. There
was no difference in treatment type of obese and non-
-obese patients. Disease activity (DAS28) was evalua -
ted which was significantly higher in obese patients

tAbLe I. demogrAPhIc, dIseAse ActIvIty And bIochemIcAL chArActerIstIcs of rheumAtoId ArthrItIs PAtIents

Demographic and disease activity Mean+/-SD Biochemical factors Mean+/-SD
Age (y) 48.4 ± 11.2 CRP (mg/l) 12.18 ± 11.64
BMI (kg/m2) 28.1 ± 5.6 ESR (mm/hr) 33.81 ± 29.17
WC (cm) 93.8 ± 12.5 Nesfatin-1 (pg/ml) 522.72 ± 483.51 
Duration of disease (y) 9.9 ± 5.8 ADMA (ng/ml) 29.72 ± 28.86
DAS 4.2 ± 1.0
Number of swollen joints 5.2 ± 5.1

Data are described as Mean ± SD. BMI: body mass index, WC: waist circumference, CRP: C-reactive protein, ESR: erythrocyte sedimentation
rate, ADMA: asymmetric dimethylarginine, DAS: disease activity score.

tAbLe II. correLAtIon between dIseAse ActIvIty And other vArIAbLes

Weight BMI WC CRP ESR ADMA Nesfatin
R 0.21 0.29 0.26 0.38 0.61 0.21 -0.04
P 0.05 0.01 0.02 0.001 <0.001 0.05 0.73

Disease activity is described with disease activity score 28 (DAS28), BMI: body mass index, WC: waist circumference, CRP: C-reactive
protein, ESR: erythrocyte sedimentation rate, ADMA: asymmetric dimethylarginine, R: Pearson correlation, P: P value. Statistical correlations
were determined using Pearson test, P < 0.05 is considered as significant.

tAbLe III. correLAtIon between nutrItIonAL And bIochemIcAL fActors

Energy Protein Carbohydrate Fat Fiber
CRP 0.17 0.22 * 0.30 ** 0.25 * -0.03
ESR 0.10 0.30 ** 0.16 0.16 -0.10
ADMA 0.002 0.13 0.12 0.07 -0.01
Nesfatin -0.01 -0.03 -0.24 * -0.17 -0.03

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, ADMA: asymmetric dimethylarginine. Statistical correlations were determined
using Pearson test, P < 0.05 is considered as significant. * P < 0.01, ** P < 0.01

(P=0.04). There was a positive correlation between BMI
and disease activity (Table II). In addition, BMI was
correlated with CRP and ESR (r=0.36 and 0.31;
P<0.01), indicating higher level of inflammation in
obese patients. The correlation between DAS28 and
ADMA was marginally significant (P=0.05). In contrast,
no relation was observed between nesfatin-1 and di -
sease activity. Obviously, good correlations are observed
between DAS28 and ESR or with CRP. Analysis of nu-
tritional data showed that higher protein intake was
accom panied by higher CRP and ESR and higher car-
bohydrate intake was related to higher CRP and lower
nesfatin-1 (Table III). A complete network of relation-
-ships is depicted in Figure 1. It should be noticed that
being a cross-sectional study, the causal effects relations
may not be concluded.
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sion in RA and negatively affects patient-reported di -
sease activity22.
The underlying mechanisms of the association be-

tween obesity and RA have yet to be determined. How-
ever, we know obesity as a pro-inflammatory condi-
tion in which adipocytes and adipose tissue-resident
immune cells contribute to increased circulating levels
of pro-inflammatory cytokines. In this study, there was
a significant correlation between weight, BMI, WC and
inflammation indicators such as hs-CRP and ESR.
However, the causal relations may not be concluded
based on bivariate correlations. Some adipocytokines,
due to their association with adiposity and their pro-in-
flammatory effects, have been proposed as potential
mediators23. High concentrations of inflammatory cy-
tokines such as IL-6, IL-1, TNF-a, and many of
adipocytokines such as adiponectin, leptin, and vis-
fatin have been reported previously24-26. In addition, a
positive correlation was shown between DAS28 and
ESR/CRP which was expected since these inflammato-
ry markers are used for DAS28 calculation.
Nesfatin-1 is a novel peptide which can be expressed

in the hypothalamus, pancreatic islets, gastric en-
docrine cells, and adipocytes and might be related to
obesity27,28. To the best of our knowledge, this is the
first study that evaluates nesfatin-1 in RA patients. We
could not find any significant relationship between nes-
fatin-1 level and obesity in RA. There is no data about
concentration of nesfatin-1 in RA and the data about
nesfatin-1 and obesity association is controversial.
Ozkan et al. could not find any correlation between
BMI and nesfatin-1 in normal and overweight subjects.
However, nesfatin level dropped in obese patients. Sim-
ilarly, there is another study showing that nesfatin-1 is
not associated with BMI in diabetic patients29,30. On the
other hand, some authors have reported that nesfatin-
-1 circulating levels are positively correlated with BMI31

and some others reported negative correlation.32 It
seems that changes in the serum levels of nesfatin-1 de-
pend on several other factors such as age, insulin re-
sistance, disease control and etc29,33,34. Therefore, using
the bivariate correlation may cause some biases if 
other variables are neglected.
Several studies have shown that higher levels of

ADMA are associated with an increased risk of heart
disease35. Previous studies have shown that ADMA le -
vels are higher in RA patient that may result in in-
creased risk of heart disease. In this study, disease acti -
vity was correlated with both BMI and ADMA.
However, no direct significant correlation was detec ted

dIscussIon

In the present study, a positive but modest correlation
was found between BMI and RA activity. Numerous
studies have attempted to identify RA risk factors such
as lifestyle and body composition3. In this context, obe-
sity, as a potential risk factor for the development of
RA, has been an area of interest for many years19. Pre-
vious study results have been controversial, with some
showing an increased risk of RA among obese indivi -
duals and others showing no association. Even, a part
of the literature showed that obesity may have a pro-
tective role in RA. For instance, Westhoff et al. showed
people who were overweight or obese at the time of
diagno sis had less joint damage than those with normal
weight after 3 years of follow-up20. One hypothesis is
that the protective effect of obesity may be due to the
lower level of adiponectin in obese individuals21. On
the other hand, several studies of long time monito ring
have shown that overweight and obesity are associa ted
with increased activity of RA and greater levels of di -
sability8. It seems that the possible protective effect of
obesity can disappear over time. A recent meta-ana -
lysis reported that obesity decreases the odds of remis-

fIgure 1. Correlation between disease activity (DAS),
anthropometric, nutritional and biochemical factors in
rheumatoid arthritis patients. BMI: body mass index, WC:
waist circumference, CRP: C-reactive protein, ESR: erythrocyte
sedimentation rate, ADMA: asymmetric dimethylarginine,
: negative correlation. p < 0.05 is considered for significant

correlations.
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between body weight and ADMA concentration. The
studies by Türkçüo�lu et al.36 on lean and obese wo men
with polycystic ovary syndrome and studies by Ceti-
nalp et al37. about postmenopausal women report that
ADMA concentrations had not any correlation with
BMI. Nevertheless, Koc et al.38 showed that the ADMA
levels are significantly higher in normotensive obese
individuals than healthy controls. There are different
hypotheses with regard to the higher levels of ADMA
in obesity. It seems that reduction in activity of
dimethylarginine dimethylaminohydrolase (DDAH) or
increased activity of protein arginine N-methyltrans-
ferase (PRMT) may lead to increased ADMA levels in
obesity39,40. DDAH is responsible for 80% of ADMA
metabolism and is inversely associated with inflam-
mation and TNF-a level in obesity41. We observed a
correlation between fat and protein intake and inflam-
matory cytokines. The relationship between inflam-
mation and dietary intake has been studied in the re-
cent years. It seems that an adequate intake of
vegetables, fruit, fish and dietary fiber may reduce CRP
level. On the other hand, a Westernized dietary pat-
tern that involves high intake of fat, red meat and re-
fined grains has been reported to increase levels of CRP
and inflammation42. Our study had several limitations.
The relationship between variables could be better de-
tected if we had a larger sample size. Conducting a case
control study for comparing normal and obese RA pa-
tients may result in better interpretation of data. It is
also recommended to measure body fat percentage and
distribution in the future investigations.

concLusIon 

The present study showed that weight, BMI and WC were
correlated with the RA activity and the concentrations of
CRP and ESR went up correspondingly with BMI. In ad-
dition, ADMA, but not nesfatin-1, was mo destly associa -
ted with BMI and the disease activity in RA patients. 
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