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Abstract Reports suggest leptin, which was initially
described as a hormone that regulates food intake and
energy balance, has an intimate relationship, and interacts
with the immune system. Leptin consumption in the
synovial cavity in patients with rheumatoid arthritis (RA)
reported to have protective effect against erosion. To
determine the difference in serum leptin and synovial/
serum leptin ratio between RA and control and to assess
whether these parameters correlate with systemic inflam-
mation in RA. Also, the hypothesis that synovial/serum
leptin ratio could be linked to joint erosion in RA was
evaluated. The study subjects consisted of 40 consecutive
patients with RA, 30 patients of them had knee effusion,
and 30 controls. Ten of these controls had acute knee injury
and their synovial fluid was obtained for comparison of
synovial/serum leptin ratio with patients with RA. The
mean serum leptin in patients with RA was significantly
higher than controls. Also, the synovial leptin and synovial/
serum leptin ratio in the RA patients with effusion was
significantly higher than in the 10 control subjects with
traumatic effusion. Serum leptin in the 30 RA patients with
effusion was higher than the matched synovial leptin. In
RA patients with effusion, synovial/serum leptin ratio was
also significantly higher in RA patients with erosion than
RA patients without erosion. Serum leptin level and
synovial/serum leptin ratio are significantly correlated with
the RA duration, DAS28, ESR, CRP, TNF-o, and IL-6.
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Finally, in regression analysis, only the synovial/serum
leptin ratio was positively associated with erosion in
patients with RA. In RA, there is a significant increase in
circulating leptin levels and synovial/serum leptin ratio
compared to non-RA controls. Serum leptin and synovial/
serum leptin ratio are significantly in erosive RA than non-
erosive RA. Both parameters are correlated with disease
duration and parameters of RA activity. In regression
analysis, only the synovial/serum leptin ratio was posi-
tively associated with erosion in patients with RA. These
results indicate that local consumption of leptin in the joint
cavity has a protective role against the destructive course of
RA.
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Introduction

Rheumatoid arthritis (RA) is the most common form of
chronic inflammatory joint disease leading to cartilage and
bone destruction. The inflammatory process causes diffuse
thickening and hyperplasia of the RA synovium. It is
infiltrated with numerous inflammatory cells that produce
several proinflammatory cytokines including interleukin
(IL)-6 and tumor necrosis factor (TNF)-« [1].
Proinflammatory cytokines increase circulating leptin
concentrations, [2] and leptin, in turn, potentiates cytokine
release from inflammatory cells [3]. Leptin and its recep-
tors share structural and functional similarities with IL-6
family and their receptors [4]. In addition, leptin stimulates
T-cell proliferation and protects T cells from corticoste-
roid-induced apoptosis [5—7]. Moreover, fasting patients
with RA show an evidence of improvement in clinical and
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biological parameters of disease activity, associated with a
decrease in leptin serum concentration [8]. These reports
suggest that leptin, which was initially described as a
hormone that regulates food intake and energy balance, has
an intimate relationship and interacts with the immune
system. But leptin also exerts anti-inflammatory activities,
which is attributed to increased IL-4 production and release
of IL-1 receptor antagonist [6].

Conflicting data on leptin role in RA have been pre-
sented by previous studies. In patients with RA, leptin
concentrations were found to be similar [9-11], lower [12],
or higher [13-15], when compared with those in healthy
controls. It was also reported that serum leptin levels were
unrelated to disease activity [5, 7, 9, 11, 16]. However, a
positive correlation between serum leptin concentration
and the value of DAS28, ESR, and the number of tender
joints was also reported [17].

Previous studies reported that synovial fluid leptin levels
were significantly lower than in matched plasma samples.
The association of increased local consumption of leptin in
the joint cavity with non-erosive disease emerged the
hypothesis that leptin could play a protective role against
the destructive course of RA [13]. We suggest that syno-
vial/serum leptin ratio could be more relevant to reflect the
extent of local leptin consumption in the joint.

This study was designed to determine the difference in
serum leptin and synovial/serum leptin ratio between RA
and control and to assess whether these parameters corre-
late with systemic inflammation in RA. Also, the hypoth-
esis that synovial/serum leptin ratio could be linked to joint
erosion in RA was evaluated.

Subjects and methods

This prospective study was conducted on 40 consecutive
patients with RA who were attending the outpatient clinic
of Rheumatology and Rehabilitation, Mansoura University
Hospital, Egypt, between December 2009 and March 2010.
All patients fulfilled the American College of Rheumatol-
ogy criteria for RA diagnosis [18]. There were 5 male and
35 female patients with RA, their age ranged from 19 to
36 years. Disease duration ranged from 1.5 to 20 years.
Knee effusion was found in 30 patients. Subjects with signs
of a malnutrition syndrome (with body mass index
(BMI) <20 kg/m2 and albumin level <3 g/dl), obese
patients (with BMI >25 kg/m?), and patients having dia-
betes mellitus, hypertension, or any systemic disease other
than RA were excluded from the study.

Thirty individuals (4 men and 26 women) were chosen
to serve as a control group. They were matched for age and
sex with the RA group. Among these controls, 10 indi-
viduals had recent traumatic knee effusion and their
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synovial fluid was obtained for comparison of synovial/
serum leptin ratio with RA patients. Written consent was
obtained from every subject in this study after approval of
this study from local ethical committee.

Patient assessment included a standardized interview,
physical examination, laboratory tests, and a review of
medical records. Besides age and sex, we determined
duration of RA and presence or absence of extra-articular
manifestations (extra-AM). The RA activity is estimated
using disease activity score 28 (DAS28 score) [19].
DAS28, consisting of four items, namely the number of
swollen and tender joints, the visual analogue scale of
patients’ assessment of their general health, and the
erythrocyte sedimentation rate (ESR) in the first hour, gives
an absolute number reflecting disease activity. In patients
and controls, body weight and body height were measured
to obtain the BMI (the result of dividing body weight (in
kilograms) by square height (in meters).

At the time of synovial fluid and blood sampling, all the
patients were receiving non-steroidal anti-inflammatory
drugs with at least one disease-modifying antirheumatic
drug (DMARD) as follows: 29 patients (72.5%) used
methotrexate (MTX), 31 (77.5%) patients used hydroxy-
chloroquine (HQ), combination of MTX and HQ was used
by 27 patients (67.5%), 9 patients (22.5%) used lefluna-
mide (LEF). In 5 patients (12.5%), low-dose prednisone
(5-10 mg/day) was used in the treatment.

Collection and preparation of samples

After 12-h fasting, venous blood samples were collected
from every subject by sterile venipuncture on the same day
of history taking and clinical examination. Two millilitres
of blood was delivered into citrated tube for ESR deter-
mination. The separated serum was kept frozen at —20° C
till the time of estimation of serum C-reactive protein
(CRP), IL6, TNF-¢, and leptin. Aspiration of the joint fluid
was done for the patients with effusion under complete
aseptic conditions in the same day of blood sampling. In all
cases with effusion, synovial fluid was obtained from knee
joints. Synovial fluids were collected into tubes and cen-
trifuged for 20 min, and the supernatant fluid was stored at
—20°C until analyzed.

Measurement of serum leptin

Serum and synovial leptin levels were determined by a by a
specific ELISA using materials and protocols supplied by
the provider. In this assay, The DSL-10-23100 ACTIVE®
Human Leptin ELISA (Biosource International Inc., Eur-
ope SA) was used (sandwich-type immunoassay); stan-
dards, controls, and unknown serum were incubated in the
wells that have been coated with anti-human leptin
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antibody. After incubation and washing, the wells are
treated with another anti-human leptin detection antibody
labeled with the enzyme horseradish peroxidase. After a
second incubation and washing step, the wells are incu-
bated with the substrate tetramethylbenzidine. An acidic
stopping solution is then added. The absorbance measured
is directly proportional to the concentration of human
leptin present and presented as ng/ml. After determining
the serum and synovial leptin values, the synovial/serum
leptin ratio was calculated in these patients.

IL-6 and TNF-o assays

Solid-phase sandwich enzyme-linked immunosorbent assay
(ELISA) kits were used for estimation of serum levels of IL-6
(MEDGENIX IL-6 EASIA kit, Flureus; Belgium) and TNF-«
(Biosource International, California, USA).

CRP assay

Quantitative assay of CRP kit was supplied by Turbox® CRP,
Orion Diagnostica. Turbox assay for CRP is a liquid-phase
immuno-precipitation assay with nephelometric detection.
Antiserum to CRP is diluted and added to patient serum. The
light scattering caused by antigen—antibody complexes is
measured after incubation. The resulting light scattering is
directly proportional to the CRP concentration in the sample.

Radiographic examination

Recent radiographs of the hands and feet were obtained for
all the patients. The presence of bone erosions, defined as
the loss of cortical definition at the joint, was recorded in
proximal interphalangeal, metacarpophalangeal, carpus,
wrist, and metatarsophalangeal joints. The presence of one
erosion was sufficient to fulfill the requirement of an ero-
sive disease.

Statistical analysis

All statistical analyses were performed using SPSS for
windows version 10.0 (SPSS, Chicago, IL). Continuous
data were expressed as mean =+ standard deviation (SD),
while categorical data were expressed in number and per-
centage. The differences among cases and controls were
determined by independent samples ¢ test for continuous
data or chi square test for categorical data. Paired ¢ test was
used to compare the synovial fluid leptin levels with the
matched plasma samples. Independent samples ¢ test is also
used to further assess if there are differences in serum leptin
level and synovial/serum leptin ratio between men and
women, in RA patients with and without extra-AM, patients
with and without erosion, RF-positive and RF-negative

patients, patients using and not using methotrexate (MTX),
and patients using or not using steroid. The correlation of
serum leptin and synovial/serum leptin ratio with age,
duration of RA, DAS28, CRP, IL-6, and TNF-o. was cal-
culated using Spearman correlation test. Multivariable
regressions were modeled to examine the association
between erosion and the serum leptin level, synovial leptin
level and the synovial/serum leptin ratio. The 95% confi-
dence intervals (CI) for the difference in means were cal-
culated. Statistical significance was set at P < 0.05.

Results
Patients and controls

Table 1 demonstrates the characteristics of the patients
with RA and controls participated in this study. Despite
that the patients with RA and controls were similar as
regards age, gender, and BMI, the leptin measures are
significantly elevated in the patients with RA compared to
control group. The mean serum leptin in patients with RA
was 32.4 £+ 10.1 ng/ml compared to 21.2 £ 7.6 ng/ml in
the controls (mean difference, 11.2, 95% CI: 6.88, 15.52,
P < 0.001). Also, the synovial leptin in the RA patients
with effusion (n = 30) was 23.9 £+ 5.5 ng/ml compared to
16.7 £ 5.2 ng/ml in the 10 control subjects with traumatic
effusion (mean difference 7.2, 95% CI. 3.31, 11.09,
P < 0.001). As regards the synovial/serum leptin ratio, it
was also higher in the patients with RA than in controls
(0.82 & 0.13 ng/ml versus 0.61 &+ 0.15 ng/ml, respec-
tively). This result was significant (mean difference, 0.21,
95% CI: 0.11, 0.31, P < 0.001).

Figure 1 showed that the serum leptin in the 30 RA
patients with effusion was higher than the matched syno-
vial leptin (29.6 + 6.2 vs. 23.9 £ 5.5 ng/ml, respectively).
This difference was significant (P < 0.001).

Association of leptin serum level and synovial/serum
leptin ratio with gender and RA-related characters

Table 2 showed that gender significantly affected serum
leptin as well as synovial/serum leptin ratio. Among
patients with RA, the serum leptin in the women was
33.8 £+ 9.9 ng/ml compared with 22.8 £+ 5.3 ng/ml in the
males (mean difference, 11.00, 95% CI. 2.08, 19.92,
P = 0.0206). The synovial/serum leptin ratio in female
patients with RA was 0.82 £ 0.12 compared to 0.66 £
0.14 ng/ml in male patients (mean difference 0.16, 95% CI:
0.03, 0.3, P = 0.021).

From 40 patients with RA, 28 patients had destructive
joint disease (erosive RA), and the remaining 12 patients
had no changes of the joints as judged by the recent
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Table 1 Demographic, clinical, and laboratory data in patients with RA and control group

RA patients (n = 40)

Control (n = 30)

Mean difference (and 95% CI) Student’s ¢ test P

Age (years) 46.8 £ 9.9 43.1 £ 84 3.7 (—0.70, 8.1) >0.05
Female:Male ratio 35:5 26:4 0.01* (—=0.15, 0.19) >0.05°
BMI (kgm/m?) 221 + 1.7 227+ 1.6 —0.6 (—1.38, 0.18) >0.05
Duration of RA (months) 84.6 £ 56.3
Extra-AM (n, %) 9 (22.5%)
DAS28 4.8 £ 0.7
+ve RF (n, %) 29 (72.5%)
ESR (mm/h) 57.6 £9.5
CRP (mg/ml) 14.1 £ 94
TNF-o (pg/ml) 131.5 £ 32.1
IL-6 (pg/ml) 109.6 £ 26.8
Serum leptin (ng/ml) 324 4+ 10.1 212+ 7.6 11.2 (6.88, 15.52) <0.001
Synovial leptin (ng/ml) 239 £ 55° 16.7 + 5.2¢ 7.2 (3.31, 11.09) <0.001
Synovial/serum leptin ratio 0.82 + 0.13° 0.61 £ 0.15¢ 0.21 (0.11, 0.31) <0.001
Erosions (n, %) 28 (70.0%)
Medication

MTX (n, %) 29 (72.5%)

Hydroquine (n, %) 31 (77.5%)

Steroid (n, %) 5(12.5)

Leflunomide (n, %) 9 (22.5%)

Combination 27 (67.5%)

* difference between proportions, ° chi square test, © 30 patients, ¢ 10 subjects

40.00 4

30.00
= L
E=)
£ L
c 20.00
<
]
=

10.00 -

0.00 T T
Serum leptin Synovial leptin

Fig. 1 Serum leptin and synovial leptin in the 30 RA patients with
effusion. The vertical bars denote 95% CI (P < 0.001)

radiologic examination of the hands and feet (non-erosive
RA). Table 2 showed also that serum leptin was signifi-
cantly higher in RA patients with radiologic evidence of
erosion (34.7 £ 10.4 ng/ml) than RA patients without
erosion (26.8 £ 6.6 ng/ml) (mean difference 7.9, 95% CI:
1.50, 14.30, P = 0.0204). In RA patients with effusion,
synovial/serum leptin ratio was also significantly higher in
RA patients with radiologic evidence of erosion
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(0.85 = 0.09) than RA patients without radiologic evi-
dence of erosion (0.70 £ 0.16) (mean difference 0.15, 95%
CI: 0.06, 0.24, P = 0.002).

Table 3 shows that serum leptin level is significantly
correlated with the RA duration (r = 0.372, P = 0.018),
DAS28 (r = 0.415, P = 0.008), ESR (r = 0.337, P =
0.033), CRP (r = 0.340, P = 0.032), TNF-uo (r = 0.382,
P = 0.015), and IL-6 (r = 0.343, P = 0.030). This table
also shows that synovial/serum leptin ratio is significantly
correlated with the RA duration (r = 0.433, P = 0.017),
DAS28 (r = 0.494, P = 0.005), ESR (r = 0.400, P =
0.010), CRP (r = 0.410, P = 0.024), TNF-o (r = 0.475,
P = 0.008), and IL-6 (r = 0.421, P = 0.020). Serum lep-
tin and synovial/serum leptin ratio did not correlate sig-
nificantly with age.

Finally, in regression analysis, only the synovial/serum
leptin ratio was positively associated with erosion in
patients with RA (Tables 3, 4 and Figs. 2, 3).

Discussion

The main findings of this study are (a) patients with RA
have significantly increased serum leptin levels and syno-
vial/serum leptin ratio compared to healthy subjects, (b)
synovial fluid leptin levels are significantly lower than the
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Table 2 The association of leptin serum concentrations and synovial/serum leptin ratio with gender and RA-related characters

Serum Leptin (ng/ml)

Synovial/Serum Leptin ratio

(n) mean + SD [Mean difference, P

(95% CI)]

(n) mean &+ SD [Mean difference P

(95% CI)]

Sex: Female

Yes (35)33.8 +£99 [11.00, (2.08, 19.92)] 0.0206
No (5) 228 £53

Extra-AM
Yes 9) 350 £ 12.8 [3.4, (—10.87, 4.07)] >0.05
No (31)31.6 £9.2

Erosive RA
Yes (28) 34.7 +£ 104 [7.9, (1.50, 14.30)] 0.0204
No (12) 26.8 + 6.6

RF +ve
Yes (29) 33.2 £ 9.0 [3.1, (—10.11, 3.9)] >0.05
No (11) 30.1 + 12.8

Taking steroid
Yes (5) 38.6 £ 12.7 [7.1, (—2.16, 16.36)] >0.05
No (35) 315+ 95

Taking MTX
Yes (29) 31.8 £ 10.3 [—2.1, (—9.18, 5.0)] >0.05
No (11) 33.9 £ 99

(26) 0.82 + 0.12 [0.16, (0.03, 0.3)] 0.021
(4) 0.66 + 0.14
(6) 0.83 £ 0.10 [0.04, (—0.08, 0.16)] >0.05
(24) 0.79 £ 0.14
(20) 0.85 & 0.09 [0.15, (0.06, 0.24)] 0.002
(10) 0.70 & 0.16
(20) 0.83 + 0.12 [0.07, (=0.76, 0.75)] >0.05
(10) 0.76 % 0.16
(3) 0.83 £ 0.13 [0.03, (=0.14, 0.19)] >0.05
(27) 0.8 £ 0.14
(1) 0.78 £ 0.15 [—0.07, (—0.18, 0.03)] >0.05

(9) 0.85 £ 0.01

Table 3 Correlations of the
leptin serum concentrations and

Serum leptin (n = 40)

Synovial/Serum leptin ratio (n = 30)

synovial/serum leptin ratio with r P r P

RA duration and indices of

activity Age (yrs) 0.064 >0.05 0.201 >0.05
Disease duration 0.372 0.018 0.433 0.017
DAS28 0.415 0.008 0.494 0.005
ESR 0.337 0.033 0.400 0.010
CRP 0.340 0.032 0.410 0.024
TNF-o 0.382 0.015 0.475 0.008
IL-6 0.343 0.030 0.421 0.020

Table 4 Linear regression analysis of serum leptin, synovial leptin,
and synovial/serum leptin ratio with presence of erosions in the
patients with RA

Standardized t P
Coefficients beta

Serum leptin —0.060 —-0.178  >0.05
Synovial leptin 0.171 0.393  >0.05
Synovial/serum leptin ratio 0.788 2.155 0.041

matched plasma samples and (c) presence of radiologic
erosion is associated with higher serum leptin and synovial/
serum leptin ratio. Serum leptin levels and synovial/serum
leptin ratio are significantly higher in women when

compared to men. We found a positive significant corre-
lation between serum leptin levels and synovial/serum
leptin ratio and RA duration, DAS28, ESR, CRP, serum
TNF-a, and serum IL-6.

Many studies reported that serum leptin concentration is
not correlated with RA duration [7, 10, 11]. Despite this,
according to our results, serum leptin level and synovial/
serum leptin ratio is directly correlated with RA duration.
Bokarewa et al. [13] found that there is a gradual increase
in leptin concentrations with the duration of RA.

In patients with RA, Otero et al. [20] found considerably
higher plasma levels of fat-derived hormones (leptin,
adiponectin, and visfatin) than in healthy controls. They
also observed that CRP levels significantly correlated with
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leptin. They suggested that adipocytokines play a role in
the proinflammatory state in RA.

Parallel to our findings, Targonska Stepniak et al. [17]
found a positive correlation between leptin levels and value
of DAS28, CRP, and number of tender joints.

On the other hand, no correlations were reported
between that serum leptin levels and activity, defined with
the value of ESR, CRP [5, 9, 11], DAS [5, 21], number of
tender and swollen joints [5], or TNF-« [5, 7].

In the study of Bokarewa et al. [13], it was found that
leptin production was significantly increased in patients
with RA compared with healthy controls, also, in patients
with RA, leptin plasma concentrations were higher than in
synovial fluid samples obtained simultaneously and higher
than in control plasma samples. Their results showed that
decreased leptin level in synovial fluid was associated with
non-erosive joint disease.

Our results showed that serum leptin is significantly
higher in patients with erosive RA than in patients with
non-erosive RA. The significantly higher synovial/serum
leptin ratio in erosive than the non-erosive disease indicates
that patients with non-erosive RA displayed a more pro-
nounced difference between the levels of leptin in plasma
and its matched synovial fluid samples, while in the group
of patients with erosive RA, the difference between leptin
levels in plasma and synovial fluid was to a lesser extent.
This result seems to confirm the hypothesis that local joint
consumption of leptin plays a protective role against the
destructive course of RA [13].

Interestingly, the most important observation was the
association of the synovial/serum ratio only with the

@ Springer

Synovial/serum leptin ratio

presence of erosion in patients with RA in the multivariate
regression analyses. This result suggests that the synovial/
serum leptin ratio is more appropriate measure that reflects
the extent of local consumption of the leptin in the joint
than the synovial leptin level.

The positive association between the consumption of
leptin in the synovial cavity and the absence of bone
destruction may be due to leptin-mediated down regulation of
the erosive process in the joints. Leptin induces IL-1 receptor
antagonist production [22] Treatment of patients with RA
with IL-1 receptor antagonist has been recently proved to stop
the joint destructive process [23]. Additionally, chondrocytes
and fibroblasts are sensitive to leptin stimulation and
responding with increased proliferation [24]. On the other
hand, increased levels of proinflammatory cytokines such as
TNF-o, locally in the synovial fluid of patients with RA may
down regulate local production of leptin inside the joint,
aggravating leptin deficiency, a condition that may predis-
poses to development of erosion [25, 26].

Our data showed that serum leptin levels in patients with
RA were higher in women than men. This is consistent
with the results of Gunaydin et al. [S]. On the other hand,
Bokarewa et al. [13] found that leptin levels were not
related to sex. This sex difference was reported not to be
related to sex hormones or fat distribution, but possibly to
differences in hypothalamic regulation of leptin production
or in adipose tissue biologic characteristics [27]. Besides,
there are studies reporting that gonadal steroids have an
effect on circulating leptin levels. Testosterone inhibited
the expression of this hormone, whereas it was increased
by ovarian sex steroids [28].
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In our study, serum leptin levels did not differ in patients
on different DMARD treatment and in patients receiving
and not receiving glucocorticoids. Gunaydin et al. [5]
found no difference of serum leptin levels in patients
receiving MTX versus those not on MTX. In contrast,
Bokarewa et al. [13] observed significantly higher leptin
levels in patients treated with MTX in comparison with
patients receiving other DMARDs. This difference could
not be explained by known folic acid’s increasing effect on
leptin levels because there was no significant difference in
folic acid levels between groups. Folic acid, routinely taken
with MTX, could be responsible for the increase in leptin
levels in patients treated with MTX. Supplementation of
folic acid, used in weight-reducing programmes, correlated
positively with an increase in leptin levels [13].

Gunaydin et al. [5] reported higher plasma leptin levels
in patients on glucocorticoids, but the difference did not
reach statistical significance. Bokarewa et al. [13] found no
difference in leptin levels in users and non-users of glu-
cocorticoids. That could be explained by the relatively low
doses of glucocorticoids. Glucocorticoids have been shown
to increase leptin production in adipose cells [5].

In conclusion, patients with RA had a significant increase
in circulating leptin levels and synovial/serum leptin ratio
compared to non-RA controls. Serum leptin and synovial/
serum leptin ratio are significantly higher in women than in
men and in erosive RA than non-erosive RA. Both param-
eters are correlated with disease duration and parameters of
RA activity, suggesting that some important dependence
exists between the risk of aggressive course of RA and
increased leptin levels. In regression analysis, only the
synovial/serum leptin ratio was positively associated with
erosion in patients with RA. These results indicate that local
consumption of leptin in the joint cavity has a protective
role against the destructive course of RA.

Recommendations

Longitudinal studies including patients with early RA are
still needed to clarify the potential influence of leptin on
disease outcome, and particularly the progression of joint
damage. Likewise, it would certainly be worth performing
similar studies in other immune-mediated inflammatory
rheumatic diseases.
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