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Anti-IL-6 therapy reduces leptin serum levels in patients 
with rheumatoid arthritis

V. Pulito-Cueto1, S. Remuzgo-Martínez1, F. Genre1, J. Calvo-Alén2, E. Aurrecoechea3, 
I. Llorente4, A. Triguero-Martinez4, R. Blanco1, J. Llorca5, E. Ruiz-Lucea6, 

N. Rivera-García6, O. Gualillo7, R. López-Mejías1, S. Castañeda8, M.A. González-Gay9

1Research Group on Genetic Epidemiology and Atherosclerosis in Systemic Diseases and in Metabolic 
Bone Diseases of the Musculoskeletal System, IDIVAL, Santander; 2Rheumatology Division, Hospital 
Universitario Txagorritxu, Vitoria, Araba, University of the Basque Country, Araba; 3Rheumatology 

Division, Hospital Universitario Sierrallana, Torrelavega, Cantabria; 4Rheumatology Division, 
Hospital Universitario de la Princesa, IIS-Princesa, Universidad Autónoma de Madrid (UAM); 

5Epidemiology and Computational Biology Department, School of Medicine, University of Cantabria, 
and CIBER Epidemiología y Salud Pública (CIBERESP), IDIVAL, Santander; 6Rheumatology 

Division, Hospital Universitario Basurto, Bilbao, Bizkaia; 7The NEIRID Group (Neuroendocrine 
Interactions in Rheumatology and Inflammatory Diseases), Servizo Galego de Saude and Instituto de 
Investigación Sanitaria de Santiago, Santiago University Clinical Hospital, Santiago de Compostela; 

8Rheumatology Division, Hospital Universitario de la Princesa, IIS-Princesa, Cátedra UAM-ROCHE, 
EPID Future, Universidad Autónoma de Madrid (UAM), Madrid; 9Research Group on Genetic 
Epidemiology and Atherosclerosis in Systemic Diseases and in Metabolic Bone Diseases of the 

Musculoskeletal System, IDIVAL, School of Medicine, University of Cantabria, Santander, Spain.

Abstract 
Objective

Leptin is an adipokine that participates in the regulation of the immune and inflammatory response. Chronic systemic 
inflammation contributes to the development of cardiovascular (CV) disease in rheumatoid arthritis (RA). In this study, 
we aimed to assess the short-term effect of the anti-IL-6 receptor tocilizumab (TCZ) administration on circulating leptin 
concentrations in patients with RA, as well as the potential association of leptin with CV risk factors and demographic 

and clinical characteristics of these patients.

Methods
We recruited 50 consecutive non-diabetic patients with RA undergoing periodic treatment with TCZ. Leptin serum levels 

were determined by a commercial immunoassay kit in samples obtained immediately prior to (pre-infusion) and 60 
minutes after the end of a TCZ intravenous infusion (post-infusion).

Results
A significant reduction of leptin levels was observed following the TCZ infusion (9.24±7.98 ng/mL vs. 7.92±7.32 ng/mL, 
pre- and post-infusion, respectively, p=0.002). Additionally, there was a strong positive correlation between body mass 
index of RA patients and basal levels of leptin (r=0.56; p=0.0001). Moreover, high basal levels of leptin in RA patients 

were associated with female sex (p=0.006), obesity (p<0.001) and rheumatoid factor negative status (p=0.006). 

Conclusion
Our study disclosed a short-term effect of anti-IL-6 therapy on leptin serum levels in RA patients. 

Decreased leptin levels may explain the beneficial effect of anti-IL-6 blockade on CV disease associated to RA. 
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Introduction
Increased mortality has been observed 
in rheumatoid arthritis (RA) patients as 
a consequence of endothelial damage 
and accelerated atherosclerosis lead-
ing to high incidence of cardiovascular 
(CV) disease (1-3). The presence of tra-
ditional CV risk factors (most of them 
clustered under the term ‘metabolic syn-
drome’ (MetS)), the genetic component, 
immune dysregulation and chronic sys-
temic inflammation play a critical role 
in the development of CV disease (3). 
Growing evidence supports the rel-
evant role of leptin as a key molecule 
involved in autoimmune diseases such 
as RA (4-6). This adipokine is mainly 
synthesised by adipose tissue and their 
surrounding macrophages. Although 
the best-known effect of leptin is on ap-
petite regulation, immunomodulatory 
functions are also important (5, 6). Lep-
tin levels have been shown increased 
in conditions of inflammation, as a 
result of enhanced production medi-
ated by cytokines such as interleukin 6 
(IL-6) (5). Consequently, leptin acts as 
a proinflammatory cytokine (6). More-
over, several studies have suggested that 
elevated leptin levels predict the occur-
rence of MetS and CV disease (4, 7).
IL-6 constitutes a main clinical target in 
RA treatment (8). Accordingly, tocili-
zumab (TCZ), a humanised antihuman 
IL-6 receptor monoclonal antibody, has 
been effectively used in the treatment of 
RA (8). In this sense, in a previous study 
of our group performed in RA patients, 
a rapid beneficial effect of intravenous 
TCZ on insulin resistance, a mechanism 
involved in the development of MetS 
and CV disease, was observed (9).  
Consequently, the purpose of the pre-
sent study was to investigate the short-
term effect of intravenous TCZ admin-
istration on circulating leptin serum 
levels in 50 patients with RA that were 
on periodical treatment with this bio-
logic agent. We also aimed to assess the 
potential association of leptin with CV 
risk factors and demographic and clini-
cal characteristics of these patients.

Patients and methods
Patient population
A series of 50 consecutive non-diabetic 
patients diagnosed with RA according 

to the 2010 American College of Rheu-
matology classification criteria (10) 
were included in this study. The main 
characteristics of this series of patients 
have previously been described (9). 
These patients were on periodical treat-
ment with TCZ (RoActemra®, Roche 
Laboratories, Spain), which was ad-
ministered intravenously at variable 
doses ranging between 4 and 8 mg/kg 
every 4-6 weeks. This series of patients 
included long-standing RA patients. 
In all cases, TCZ was started because 
of severe disease refractory to therapy 
with disease-modifying anti-rheumatic 
drugs and in many cases, to other bio-
logic agents. These patients were re-
cruited from the Rheumatology outpa-
tient clinics of Hospital de La Princesa 
(Madrid, Spain) and Hospital de Sier-
rallana (Cantabria, Spain). 
Patients with diabetes, fasting plasma 
glucose levels >125 mg/dl, currently 
taking anti-diabetic oral drugs, with 
chronic kidney disease (serum creati-
nine ≥1.3 mg/dl or glomerular filtration 
rate <60 ml/min) or with body mass in-
dex (BMI) ≥35 (kg/m2) were excluded. 
The local institutional ethics committee 
of every participant centre approved the 
study protocol and it was in accordance 
with the principles of the Declaration 
of Helsinki. All participants gave their 
written informed consent to participate 
in this study before their inclusion. This 
study has not been supported by any 
pharmaceutical company. 

Study protocol
A comparison of the effect of TCZ ad-
ministration in each patient (before and 
after) was performed.
In all cases, TCZ was given as an in-
travenous infusion in a saline solution 
over 60 minutes. The first sample was 
taken immediately prior to the TCZ in-
fusion (pre-infusion), and the second 
sample 60 minutes after finishing TCZ 
infusion (post-infusion). Simultaneous-
ly, vital signs were also registered. All 
measurements were made in the fasting 
state. 
A commercial immunoassay kit was 
used to measure human leptin serum 
levels (Human Leptin ELISA Kit, 
EZHL-80SK, EMD Millipore). 
Routine laboratory parameters were as-
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sessed in blood samples taken prior to 
TCZ infusion as previously described 
(9).

Statistical analyses
Results were reported as mean ± stand-
ard deviation (SD). For the comparison 
of leptin serum levels before and after 
TCZ infusion, paired Student’s t-test 
was used. Relationship of leptin prior 
to TCZ (basal) with selected continu-
ous and categorical variables was per-
formed adjusting by age at the time of 
the study, sex and classic CV risk fac-

tors via estimation of the Pearson’s par-
tial correlation coefficient (r) and lineal 
regression, respectively. Statistically 
significant differences were considered 
at p<0.05. Statistical analysis was per-
formed using the software STATA 12/
SE (StataCorp, College Station, TX, 
USA).

Results
Changes in leptin 
concentrations upon TCZ therapy 
A significant reduction of leptin lev-
els was observed following the TCZ 

infusion in RA patients. Leptin levels 
decreased from 9.24±7.98 ng/mL im-
mediately prior to TCZ infusion to 
7.92±7.32 ng/mL after the infusion 
(p=0.002) (Fig. 1A). Moreover, higher 
leptin basal levels were associated with 
a greater decrease in leptin levels after 
TCZ treatment (Fig. 1B). 

Relationship of leptin 
concentrations with demographic 
features and CV risk factors
We observed that women showed 
significantly higher leptin basal con-
centrations when compared to men 
(10.30±8.22 ng/mL vs. 3.66±3.02 ng/
mL, respectively, p=0.006) (Table I). 
Likewise, patients with obesity ex-
hibited increased basal levels of lep-
tin (16.90±8.87 ng/mL) with respect 
to those non-obese (7.33±6.56 ng/
mL) (p<0.001) (Table I). Accordingly, 
a strong significant positive correla-
tion between leptin basal levels and 
BMI was disclosed (r=0.56; p=0.0001)      
(Table II). 

Relationship of leptin 
concentration with disease 
activity and clinical features 
A significant difference in leptin basal 
levels between RF positive (7.60±7.20 
ng/mL) and negative (12.78 ± 8.95 ng/
mL) patients was disclosed (p=0.006) 
(Table I). 

Discussion
CV disease is the most relevant comor-
bidity in patients with RA (1-3). The 
great contribution of MetS to the CV 
morbidity and mortality in these pa-
tients has deserved great attention in the 
last years (3). Accordingly, our group 
previously reported a rapid beneficial 
effect of a single administration of in-
travenous TCZ on insulin resistance, 
one of the CV risk factors clustered in 
MetS, in patients with RA (9). 
The adipokine leptin was suggested to 
be a key molecule in the pathogenesis 
of RA (4-6). It has also been associ-
ated with inflammation, MetS and CV 
disease (4-7). Therefore, the purpose of 
this study was to assess the short-term 
effect of IL-6 receptor blockade by in-
travenous TCZ administration on leptin 
serum levels in RA patients.

Fig. 1. Leptin serum levels following TCZ infusion. 
A: Significant reduction of leptin serum levels following TCZ infusion. Horizontal bars indicate mean 
value of each study group.
B: Changes in leptin serum levels in each individual after TCZ infusion. Patients are ordered from the 
lowest to the highest pre-infusion leptin basal levels.
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We showed for the first time that TCZ 
infusion yields a rapid reduction of lep-
tin serum levels in patients with RA. 
This makes sense considering that the 
production of leptin is stimulated by 

IL-6 (5). In our study the changes in 
leptin levels following a single intra-
venous TCZ infusion were dependent 
on the basal levels of leptin. The higher 
the basal levels were, the greater the de-

crease in leptin levels after a TCZ infu-
sion was. 
Our study intended to determine the 
short-term effect of anti-IL-6 recep-
tor TCZ on leptin levels. However, no 
significant long-term modifications 
of leptin serum levels in patients with 
RA treated with TCZ were reported by 
Hoffman et al. and Fioravanti et al. (11, 
12). This apparent discrepancy with our 
results may be related to the bioavail-
ability of the biologic agent. In this re-
gard, Hoffman et al. and Fioravanti et 
al. performed long-term analyses (at 4 
and 6 months, respectively) of patients 
treated with 8 mg/kg of intravenous 
TCZ every 4 weeks (11, 12), while our 
study evaluated the short-term, almost 
immediate, effect of TCZ on leptin se-
rum levels measured 1 hour after the 
intravenous infusion. It is possible that 
the half-life of this biologic agent (11-
14 days) may explain that the effect of 
TCZ on leptin may be not significant 
4 weeks after the infusion. However, 
in a previous study performed by our 
group, no significant changes in lep-
tin concentrations were seen when the 
short-term effect of the intravenous an-
ti-TNF-infliximab treatment on leptin 
serum levels in RA patients with active 
and refractory disease was evaluated 
(13). Accordingly, it is possible that 
the blockade of IL-6 signalling path-
way might be more effective than TNF 
blockade to modulate metabolic effects 
in RA patients.
An increase of leptin in women when 
compared with men was found in our 
patients. These observations are in 
keeping with other studies of our group 
that also reached the same results in 
patients with psoriasis and ankylos-
ing spondylitis (14, 15). Furthermore, 
in accordance with the relationship 
of leptin with MetS (4), in our study 
leptin serum levels were increased in 
obese patients compared to non-obese 
patients. This link between leptin and 
obesity was further supported by the 
statistically significant positive correla-
tion of leptin serum levels with BMI. 
Therefore, our study confirms previous 
reports showing that BMI may be an 
important determinant of leptin levels 
in patients with RA and other inflam-
matory diseases such as psoriasis (14). 

Table I. Differences in leptin basal levels according to categorical variables, adjusting for 
age at the time of the study, sex and classic cardiovascular risk factors.

Variable Category (n) Leptin (ng/mL)

 Mean ± SD p-value

Sex Men (8) 3.66  ± 3.02 0.006
 Women (42) 10.30  ± 8.22

RF Yes (34) 7.60  ± 7.20 0.006
 No (15) 12.78  ± 8.95

Anti-CCP Yes (24) 10.27  ± 8.70 0.88
 No (11) 9.93  ± 5.74

Obesity Yes (10) 16.90  ± 8.87  <0.001
 No (40) 7.33  ± 6.56

Arterial hypertension Yes (22) 10.57  ± 9.10 0.67
 No (28) 8.20  ± 6.98

Dyslipidaemia Yes (14) 9.32  ± 7.21 0.83
 No (36) 9.21  ± 8.36

SD: standard deviation; RF: rheumatoid factor; Anti-CCP: Anti-cyclic citrullinated peptide antibodies. 
Significant results are highlighted in bold.

Table II. Partial correlation of leptin basal levels with selected continuous variables,          
adjusting for age at the time of the study, sex and classic cardiovascular risk factors.

Variable Leptin 

  r p-value

Age at the onset of symptoms 0.19 0.21
Age at the time of the study 0.18 0.22
Disease duration -0.19 0.22

Disease activity
 DAS28-ESR -0.04 0.81
 DAS28-CRP -0.12 0.46
 Swollen Joints -0.06 0.68
 Tender Joints -0.01 0.95
 VAS patient  -0.05 0.74
 CRP  -0.04 0.80
 ESR  0.06 0.72

Metabolic syndrome
 BMI  0.56     0.0001
 Glucose 0.03 0.86
 Insulin 0.24 0.12
 Insulin/Glucose Index  0.19 0.22
 HOMA-IR  0.24 0.11
 QUICKI  -0.21 0.16
 Total cholesterol  0.28 0.06
 HDL-cholesterol  -0.04 0.82
 LDL-cholesterol 0.15 0.35
 Triglycerides  -0.07 0.65
 C-peptide 0.27 0.08
 Systolic blood pressure  -0.03 0.82
 Diastolic blood pressure -0.21 0.16

DAS: disease activity score; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; VAS: 
visual analogue scale; BMI: body mass index; HOMA-IR: homeostasis model assessment of insu-
lin resistance; QUICKI: quantitative insulin sensitivity check index; HDL: high-density lipoprotein;             
LDL: low-density lipoprotein. Significant results are highlighted in bold. 
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Finally, we found an association of high 
serum levels of leptin with RF negative 
status. However, further analysis should 
be needed to confirm this relationship. 
In conclusion, our study disclosed for 
the first time a short-term effect of anti-
IL-6 therapy on leptin serum levels in 
RA patients. The decreased leptin serum 
levels observed following an intrave-
nous TCZ infusion may support a ben-
eficial effect of anti-IL-6 blockade on 
CV disease associated with RA.
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