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ABSTRACT
Objective: This study aimed to investigate the possible relationship of serum adiponectin and visfatin levels that are derived from the adipose tissue
in patients with juvenile idiopathic arthritis (JIA), in accordance with the routinely used biochemical parameters, to evaluate the management of
therapy and assessment of disease activity.
Methods: According to the Wallace criteria, the study population was divided into active, remission and control groups. Serum adiponectin and
visfatin levels were measured by the enzyme-linked immunosorbent assay method. Complete blood count, erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were routinely measured. Neutrophil/lymphocyte ratio (NLR) was calculated.
Results: Significant differences were found in serum visfatin levels between the active and the control groups (p<0.05) and in serum adiponectin levels
between the active and remission groups (p<0.05). Significant differences were also observed in routinely used parameters, namely; ESR, CRP and
platelet count (p<0.05), among the active, remission and control groups, whereas the leukocyte and neutrophil counts together with the percentage
of neutrophils, lymphocytes and NLR established significant differences only between the active and control groups (p<0.05).
Conclusion: The results suggest that serum visfatin levels may be useful to indicate disease activity in accordance with the correlation between ESR
and CRP in patients with JIA. Unlike visfatin, serum adiponectin levels may be utilised in the management of treatment rather than as a diagnostic
parameter on the onset of JIA. Although this study included a small sample of patients with JIA, it highlights the potential of the two adipose tissuederived parameters as new biochemical parameters in JIA, both in the assessment of disease activity and the management of treatment, which are
essential to improve the life quality of these patients.
Keywords: Adipocytokine, adiponectin, inflammation, juvenile idiopathic arthritis, visfatin

ÖZ
Amaç: Amacımız, adipoz dokudan salgılanan adiponektin ve visfatin düzeylerinin juvenil idiyopatik artrit (JİA) aktivitesi ile olası ilişkisini rutin kullanılan
biyokimyasal parametrelerle karşılaştırarak değerlendirmek ve hastalık aktivitesi ile tedavinin izlenmesinde bu iki parametrenin rolünü araştırmaktır.
Yöntemler: Wallace kriterlerine göre; çalışma grubu aktif, remisyon ve kontrol gruplarından oluşmaktadır. Serum adiponektin ve visfatin seviyeleri
enzime bağlı immunosorbent test yöntemi ile analiz edilmiştir. Tam kan sayımı, eritrosit sedimantasyon hızı (ESH) ve C-reaktif protein (CRP) rutin olarak
ölçüldü. Nötrofil/lenfosit oranı (NLO) hesaplandı.
Bulgular: Aktif ve kontrol grupları arasında serum visfatin düzeylerinde istatistiksel olarak anlamlı farklılık bulunurken (p<0,05); serum adiponektin
düzeyleri açısından aktif ve remisyon grupları arasında anlamlı farklılık bulundu (p<0,05). Rutin olarak ölçülen laboratuvar parametrelerinde de anlamlı
farklılıklar saptandı; aktif, remisyon ve kontrol grupları arasında ESH, CRP ve trombosit sayıları anlamlı (p<0,05) iken; lökosit ve nötrofil sayıları ile
nötrofil, lenfosit yüzdeleri ve NLO değerlerinde ise sadece aktif ve kontrol grupları arasında anlamlı farklar (p<0,05) bulundu.
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Sonuç: JİA hastalarında serum visfatin düzeylerinin, ESH ve CRP değerleri ile korelasyonu göz önüne alındığında bu iki parametrenin hastalığın
aktivitesini değerlendirmede yararlı olabileceğini düşünmekteyiz. Visfatinin aksine; serum adiponektin düzeyleri, JİA’nın başlangıcında hastalığın
aktivitesi açısından tanısal parametre yerine tedavinin yararlılığının izlenmesinde kullanılabilir. Bu çalışmada yer alan JİA’lı olgu sayısı relatif olarak az
olmasına rağmen yine de bu iki yeni parametrenin hastalığın aktivitesinin değerlendirilmesinde ve tedavinin etkinliğinin izlenmesinde özellikle yaşam
kalitelerinin iyileştirilmesi yönünde katkıda bulunacağına inanıyoruz.
Anahtar kelimeler: Adipositokin, adiponektin, enflamasyon, juvenil idiyopatik artrit, visfatin

INTRODUCTION
Juvenile idiopathic arthritis (JIA), formerly known as juvenile
rheumatoid arthritis, is characterised by idiopathic permanent
arthritis lasting at least 6 weeks and onset before age 16 years
after the exclusion of other inflammatory diseases, such as
reactive arthritis, inflammatory bowel disease and systemic
lupus erythematosus. JIA progresses to childhood arthritis in
which prolonged synovial inflammation may result in growth
impairment, joint destruction, osteoporosis and chronic pain as
long-term consequences (1).
Wallace et al. (2) suggested specific criteria for determining
the disease activity of children with JIA. To be considered
having inactive disease, patients should not have active arthritic
joints, fever, rash, serositis, splenomegaly or generalised
lymphadenopathy and active uveitis, and normal values of both
erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP). Clinical remission with medication is considered inactive for
a period minimum of six consecutive months under medication,
whereas clinical remission without medication is proposed as
12 consecutive months without anti-arthritis and anti-uveitis
medications.
JIA is an inflammatory disease accompanied with innate and
adaptive immune system disorders. A dysregulation of the
alternative secretory pathway leads to loss of monocytes,
macrophages and neutrophils with aberrant activation of
phagocytes and plays a role in the release of interleukin (IL)-1,
IL-6, IL-8 and proinflammatory S-100 proteins. Eventually, this
contributes to multisystem inflammation of JIA (3,4).
Recent studies involving laboratory parameters aimed to
determine inflammation, clarify the pathogenesis of the
disease and monitor side effects of treatment. Complete blood
count (CBC) rheumatoid factor as well as other inflammatory
markers, such as ESR and CRP, are commonly used laboratory
parameters in the management of JIA. The treatment goal is
disease remission. ESR and CRP, which are acute-phase proteins,
are used in the diagnosis and monitoring of both active and
remission periods (2,3,5,6).
Many inflammatory mediators including cytokines [such as
IL-1, IL-6, IL-8 and tumour necrosis factor-alpha (TNF-α)] and
adipokines (such as leptin, adiponectin, resistin and visfatin) are
released from the adipose tissue (4,7). Adipokines participate in
the pathogenesis of various pathologies, mainly inflammation,
obesity, insulin resistance, metabolic syndrome and autoimmune
diseases such as rheumatoid arthritis (5,6,8,9).

Research studies have recently shown that both adiponectin and
visfatin may have critical roles in the pathogenesis of JIA, but
this has not yet been clarified. Although the aetiology of JIA is
unknown, the immunological predisposition is emphasised and
JIA is considered an antigen-dependent T-lymphocyte-mediated
autoimmune disease (7,10).
Recent studies have indicated that extracellular matrix
degradation and joint destruction induced both the infiltration
of adiponectin and migration of monocytes towards the
synovium, acting as a proinflammatory mediator in joint
diseases (8,11).
Conversely, visfatin enhances the release of CD54 (ICAM), CD40
and CD80 molecules that are effective in activating T-cells and
CD14+, and CD19+ chemotaxic molecules for monocytes and B
cells (9,12). Additionally, studies have shown that the expression
of ICAM-1 and VCAM-1 as a response to reactive oxygen species
production is enhanced by visfatin (10,13).
In this study, serum adiponectin and visfatin levels were measured
in both active and remission periods of a group of patients
with JIA in comparison with a control group. Thus, this study
aimed to investigate the predictive roles of these two adipose
tissue-derived parameters in monitoring disease activity and
management of the treatment of JIA.

METHODS
A total of 87 patients with JIA undergoing follow-up in Cerrahpaşa
Medical Faculty Department of Pediatric Rheumatology, İstanbul
University Cerrahpaşa, and 50 control subjects were enrolled in
this study.
Patients with JIA were diagnosed according to 2001 International
League of Associations For Rheumatology classification criteria
(11,14). Fifty healthy children whose age and sex were similar to
the patient groups, did not receive any medication and had no
infection and other any systemic diseases (such as malignancy,
chronic inflammatory disease, endocrine disorder, malabsorption,
liver disease and obesity) were included in this study. Patients
were categorised according to the validated Wallace criteria for
patients with JIA dependent of the active or remission period
(12,15).
Written informed consent was obtained from all patients. The
study protocol was approved by Ethics Committee of İstanbul
University-Cerrahpaşa, Cerrahpaşa Faculty of Medicine (approval
number: 02-107694, approval date: 07.04.2015).
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Sample Collection

Serum Adiponectin and Visfatin Levels

In this study, 5 mL of blood was collected into gel tubes without
anticoagulants for adiponectin and visfatin analysis and left for 30
min for coagulation. After centrifugation at 4,000 rpm for 7 min,
serum was collected into separate tubes and stored at -20 °C until
analysis. Serum adiponectin and visfatin levels were measured by
enzyme-linked immunoabsorbent assay kits (eBioscience Inc. San
Diego, CA 92121 United States BMS2032/2 and SunRed, 201-120026, respectively) according to the manufacturer’s instructions.
CBC (Beckman Coulter LH780), ESR (Therma NE Linear) and CRP
(Roche Cobas C 501) were also analysed. Neutrophil/lymphocyte
ratio (NLR) was calculated by dividing neutrophil count by
lymphocyte count in CBC.

Serum adiponectin levels were decreased in both the
remission group and control group when compared with
the active group (Figure 1). However, a significant decline
was observed only between the active and remission groups
(p<0.05). Markedly low adiponectin values are observed in the
remission period than in the control group. Although serum
visfatin levels were also lower in both the remission and control
groups than in the active group, significant difference was
found only between the active and control groups (p<0.05)
(Figure 2). A subsequent decline was observed in visfatin
values among the study groups. These results are illustrated
in Table 3. A positive correlation was found between visfatin
and CRP (r=0.459, p=0.007) and ESR values (r=0.409, p=0.018)
(Figure 3).

Statistical Analysis
SPSS Statistics for Windows v. 20 software (IBM Corp., Armonk, NY,
USA) was used for statistical analysis of the study variables. Analysis
of variance test was performed to analyse differences among
variables between the subgroups. Student’s t-test (homogeneous
groups) was performed for binary comparisons. The Pearson test
was used to analyse correlation. A value of p<0.05 was considered
significant. Numerical values obtained were expressed as mean ±
standard deviation or standard error of the mean.

RESULTS
The population of this study consisted of 87 children (n=37, 42.5%
male; n=50, 57.5% female) with JIA and 50 healthy controls (n=27,
54% male; n=23, 46% female).

Demographic Data
The gender and age distribution of the study population is shown
in Table 1. No significant difference was found between the patient
group and the control group in terms of gender and age (p>0.05).
Patients with JIA were divided into active and remission groups. In
the last 6 months, patients with no active arthritis or with no rash
and clinical inactive disease were included in the remission group.

Figure 1. Serum adiponectin (pg/dL) levels in the active,
remission and control groups
a: comparison of active group and remission group (p<0.05)

Routine Laboratory Parameters
Significant differences were found in routinely used parameters,
including ESR, CRP and platelet count (p<0.05) among the active,
remission and control groups, whereas significant differences were
observed only between the active and control groups in terms of
the leukocyte and neutrophil counts, along with the percentage
of neutrophils, lymphocytes and NLR (p<0.05). Routine laboratory
parameters of the study groups are detailed in Table 2.
Table 1. Gender and age distribution in the active, remission
and control groups
Active
n=54

Remission
n=33

Control
n=50

p value

Male

25 (46.3%)

12 (36.4%)

27 (54%)

0.992

Female

29 (53.7%)

21 (63.6%)

23 (46%)

0.992

Age (year)

9.4±3.9

9.1±4.1

9.3±4.6

0.972

Figure 2. Serum visfatin (ng/dL) levels in the active, remission
and control groups
b: comparison of active group and control group (p<0.05)
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Table 2. Routine laboratory parameters of the study groups
Active
n=52

Remission
n=33

Control
n=50

p value

Leukocyte (103/mm3)

9.46±2.73b

8.67±2.30

7.77±2.10b

0.002

Neutrophil (103/mm3)

5.74±2.42b

4.68±2.09

4.04±1.39b

0.000

Lymphocyte (10 /mm )

2.80±1.24

2.98±1.22

2.84±1.08

0.798

Monocyte (103/mm3)

0.72±0.30

0.69±0.21

0.61±0.25

0.107

Neutrophil (%)

59.14±12.05

53.01±13.13

52.06±10.11

0.008

Lymphocyte (%)

30.34±10.99

34.95±11.38

36.88±9.64

0.007

Platelet (103/mm3)

375.11±97.08b

301.45±88.85a

314.26±75.98

0.001

MPV (fL)

7.80±0.78

8.07±1.10

8.01±0.81

0.314

PDW (%)

16.43±0.52

16.63±0.57

16.43±0.52

0.181

NLR

2.50±1.89

1.83±1.09

1.58±0.69

0.003

ESR (mm/saat)

31.00±21.07

12.66±10.73

7.32±3.49

0.000

CRP (mg/dL)

2.71±4.09b

0.43±0.80a

0.19±0.21

0.000

3

3

b
b

b
b

b

a

comparison of active and remission groups, comparison of active and control groups. After the logarithm of the parameters that do not comply with the normal
distribution was made suitable for the normal distribution, the groups were compared with each other by using analysis of variance test.
ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, MPV: mean platelet volume, NLR: neutrophil-lymphocyte ratio, PDW: platelet distribution width
a

b

Table 3. Comparison of active, remission and control groups
in terms of adiponectin and visfatin
Active
n=52

Remission
n=33

Control
n=46

p value

Visfatin
(ng/dL)

2.89±2.65b

2.10±1.81

1.74±1.28b

0.021

Adiponectin
(pg/dL)

20.14±24.10

8.48±6.25a

17.17±21.28 0.046

After the logarithm of the parameters that do not comply with the normal
distribution was made suitable for the normal distribution, the groups were
compared with each other by using analysis of variance test. acomparison
of active and remission groups, bcomparison of active and control groups

DISCUSSION
Although adipose tissue was initially thought to store only
triglycerides and participate in thermogenesis, adipose tissue
also acts as an active endocrine gland and secretes many
bioactive peptides and hormones. Adipocytes generally affect
both metabolism and immunity; the latter is mediated by various
inflammatory and proinflammatory molecules derived from the
adipose tissue (16).
Both the adaptive and innate immune system are primarily
involved in the inflammatory process (17). Neutrophils are major
components of the immune response against inflammation or
infection, playing a key role in both the activation and migration
of antigen-presenting cells. Neutrophil chemotaxis promotes the
migration of monocytes to the inflammation site. They are also
involved in monocyte differentiation into pro- or anti-inflammatory
macrophages. Both reactive oxygen species and lytic enzymes
that are released from the neutrophils lead to tissue injury (18,19).
Adipokines that have proinflammatory properties did not directly
participate in inflammation, but they are involved in the initiation
and termination of the inflammation phase (20).

Figure 3. Relationship between visfatin and serum levels of
C-reactive protein and erythrocyte sedimentation rate
ESR: erythrocyte sedimentation rate, CRP: C-reactive protein
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In our study, we investigated the possible relationship between
adiponectin and visfatin with CBC parameters (mainly leukocytes,
neutrophils, lymphocytes, monocytes and platelets), ESR and CRP
that are considered routine biochemical parameters that manage
the inflammatory process in JIA. Leukocyte [white blood cells
(WBC)] counts are strikingly elevated in children with JIA. Since
JIA is an inflammatory disease, significant difference was found
in WBC values during the active and remission periods when
compared with the control group. Conversely, Güneş et al. (21)
reported no significant difference in WBC between the active
and remission periods, whereas Punzi et al. (22) reported higher
WBC levels in patients with JIA than in those without JIA, which is
similar to the results of the present study. Furthermore, neutrophil
counts were higher in both active and remission groups than in the
control group. Possible reason is that neutrophils are activated by
TNF-α, a cytokine that is involved in both tissue damage and repair
process. We can assume that neutrophils activate the macrophagebased immune response, and this may trigger the conversion of
proinflammatory process into anti-inflammatory and proliferative
processes in damaged tissues. This assumption may explain the
high neutrophil counts in both active and remission periods (23).
Although lymphocytes are not part of adipose tissues, there is
a physical proximity between the lymph nodes and pericapsular
adipose tissue surrounding them. Thus, a probable paracrine
effect may be observed between adipocytes and lymphocytes
(24,25). Directing the lymphocyte transport through the lymph
nodes to the spleen is mutually controlled by the regulation of
the neutrophil production rate during haematopoiesis. Apoptotic
neutrophils on the area of tissue destruction are phagocytised by
the migration of macrophages to the region by chemotaxic agents
derived from neutrophils (21,26). Therefore, while the neutrophil
counts increase in the active period, the NLR subsequently shifts
in favour of the lymphocytes in the remission period. Based on
this data, in our study, NLR was also evaluated in patients with
JIA. NLR was significantly higher in the active group than in the
control group, with elevated neutrophil counts related to disease
activity. However, this ratio decreased in the remission period.
NLR is an acceptable inflammation marker, and it may be useful in
the management of disease activity. A recent study by Güneş et
al. (21) reported significantly high NLR in both active and inactive
(remission subjects) groups in comparison with that in the control
group, although no significant difference was found in NLR
between the active and remission groups. Although NLR may not
be useful in distinguishing active and remission periods, it may be
a reliable marker to evaluate disease activity at JIA onset.
Thus far, no reliable, sensitive and specific biochemical parameters
have been established to define the diagnosis, prognosis and
follow-up of JIA (27). ESR and CRP are used as routine clinical
laboratory parameters in evaluating disease activity (28). ESR
depends on the concentration of plasma fibrinogen and indirectly
reflects the concentration of acute-phase proteins. The analysis of
ESR demonstrates the disease activity both at onset and follow-up
of patients with JIA. Similarly, CRP is an inflammatory parameter,

i.e. an acute-phase protein (29). During active disease, high ESR
and CRP values are related to immunologic response, particularly
innate immune phase. In the present study, we demonstrated
higher ESR and CRP values in the active group than in the control
group, supported by similar results in the literature (30).
In vitro, activated platelets release proinflammatory cytokine IL-1β.
This cytokine plays a major role in vascular inflammation, taking
place in the centre of the cytokine cascade. Activated platelets
induce the release of IL-6 and IL-8 from the vascular smooth
muscles through IL-1. In turn, IL-1 accelerates neutrophil adhesion
to endothelial cells (31). Güneş et al. (32) reported high platelet
counts in patients with active JIA compared with individuals
without JIA. Ece et al. (33) showed that platelet counts decreased
as a response towards therapy in the remission group. Our results
also correlated with these recently published results. We found
high platelet counts in both the active and remission groups when
compared with control subjects. Furthermore, platelet counts
positively correlated with the neutrophil counts and CRP.
In the present study, both adiponectin and visfatin levels were
evaluated in patients with JIA during the active and remission
periods. We demonstrated a significant decrease in visfatin levels
in the control group when compared with that in the active group,
indicating visfatin as a reliable parameter for the determination
of disease activity, exhibiting a correlation between inflammatory
parameters ESR and CRP. By contrast, a significant difference
was observed in adiponectin levels between the active and
remission groups. A marked decline was noted in adiponectin
levels in the remission period compared with that in the control
group, indicating that it may be useful in the management of
the JIA treatment. In a study reported by Aranda-Valera et al.
(34), alterations of adipokines function might be exhibited with
chronic inflammation, even under remission conditions, and
this inflammatory process might promote the anti-inflammatory
response related with the adipose tissue in patients with JIA.

Study Limitations
This study has some limitations including the small sample size
and unequal distribution in the subgroups.

CONCLUSION
The adipose tissue plays an essential role in the inflammatory
process, particularly with adipokines. However, JIA is a common
rheumatological problem in the paediatric population and
considered an inflammatory disease accompanied with immune
response disorder. The present study highlights the concentrations
of both visfatin and adiponectin in JIA, and these two adipose
tissue-derived biochemical parameters may play a role in the
management of disease activity and monitoring of treatment.
Moreover, this study emphasised that NLR, a very simple and
useful test to predict anti-inflammatory response, may be a reliable
marker of disease activity. Further studies with a large sample
size and detailed characterisation of subgroups are warranted to
validate the role of adiponectin and visfatin in the evaluation of
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disease activity. This will provide appropriate management strategy
of the disease and improve the quality of life in patients with JIA.
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