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Abstract 
Objective: Leptin regulates food-intake and plays a modulator role in immunity and 
inflammation. A positive feed-back mechanism has been described between tumor necrosis 
factor (TNF) and leptin, and leptin has been suggested to potentiate inflammation in RA 
patients. The aim of this study was to assess whether inflammation correlates with leptin 
concentrations in patients with RA, and whether anti-TNF treatment modulates leptin 
concentrations in these patients. Methods: Leptin, IL-6 and CRP were measured in the blood 
of 31 RA patients starting either anti-TNF therapy or placebo (at baseline and after 2 weeks of 
therapy) and in 18 healthy controls. Results: In RA patients, plasma leptin concentrations at 
baseline were inversely correlated with the degree of inflammation as assessed by CRP (r² = 
0.21, p<0.01), or IL-6 concentrations (r² = 0.22, p<0.008). Leptin concentrations did not differ 
between RA patients and controls (5.97 + 4.55 vs. 4.22 + 2.77 ng/mL in males; 15.05 + 7.91 
vs. 13.37 + 5.16 ng/mL in females). Short-course anti-TNF therapy for 2 weeks did not 
modify leptin concentrations, despite significant reduction of CRP and IL-6. Conclusion: A 
significant inverse correlation between inflammation and leptin concentrations was observed 
in active RA patients, although plasma leptin concentrations did not significantly differ from 
that in healthy controls. This suggests that active chronic inflammation may lower plasma 
leptin concentrations. A short 2-weeks treatment with anti-TNF did not influence plasma 
leptin concentrations and longer therapy may be needed to see an effect on leptin. 
 
Key words: leptin, inflammation, rheumatoid arthritis, anti-TNF therapy 
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Background  
Leptin was initially described as a hormone that regulates food intake and energy 

balance (1). Later, it became apparent that leptin has an important role in regulating 
neuroendocrine and immune functions. Leptin and its receptors (OB-R) share structural and 
functional similarities with cytokines of the interleukin-6 family and their receptors (2). 
During acute inflammations, proinflammatory cytokines increase circulating leptin 
concentrations (3) and leptin, in turn, potentiates cytokine release from 
monocytes/macrophages (4). In addition, leptin stimulates T-cell mediated immunity and is 
able to induce the proliferation and differentiation of hemopoietic cells (3). The involvement 
of leptin in regulating immune functions in humans is strongly sustained by the increased 
incidence of severe infections in subjects with genetic leptin deficiency (5) and by the 
deficiencies of the immune system during starvation and malnutrition, when concentrations of 
leptin are low (3). 
 Rheumatoid arthritis (RA) is a chronic inflammatory condition characterized by 
polyarthritis and high concentrations of proinflammatory cytokines such as TNF-α, IL-1β, IL-
6, IL-8 and IFN-γ especially in the synovial fluid, but also in the circulation. A dual effect of 
inflammation on leptin production has been suggested. On the one hand, a positive feed-back 
between leptin and proinflammatory cytokines has been reported (4), and immunized leptin-
deficient mice (ob/ob) were shown to develop less severe arthritis than control mice (6). 
Recently, the relation between leptin and arthritis was further sustained by studies showing 
that human chondrocytes express the leptin receptor OB-Rb and, when acting together with 
IFN-γ, leptin was able to stimulate nitric oxide (NO) production in the joint cavity (7). This 
suggests a possible direct implication of leptin in the pathogenesis of RA. On the other hand, 
studies assessing leptin concentrations in RA patients have provided controversial results (8-
12). In addition, chronic inflammation has been suggested to downmodulate leptin 
production, which in turn may lead to an impaired antimicrobial defense (13). 
 The aim of our study was to investigate circulating leptin concentrations in a group of 
RA patients and to assess whether leptin concentrations correlate with systemic inflammation. 
In addition, we were also interested to find out whether anti-TNF therapy modulates plasma 
leptin concentrations, as TNF has been shown to directly stimulate leptin production. 

 
Patients and Methods  
Patients and controls 
We analyzed samples from 31 patients (mean age 61, M:F = 11:20) with active RA 

included in phase I, double blind placebo controlled clinical study with the humanised anti-
TNF antibody adalimumab (Humira, Abbott Laboratories) monotherapy in our center. 
Patients fulfilled the 1987 ACR criteria for RA, had an active disease as defined by a disease 
activity score (DAS) > 3.2 at baseline and underwent a washout period for DMARDs of at 
least 3 weeks prior to study initiation. Stable dosages of NSAIDs and prednisone (< 10 
mg/day) were allowed during the study. 18 healthy controls (mean age 38.4, M:F = 9:9) were 
also included in this study. Due to the existing gender differences on leptin concentrations in 
humans and because sex ratio was not similar in patients (M:F = 1:1.8) and controls groups 
(M:F = 1:1), we divided each group according to gender and compare them thereafter. Body 
mass index (BMI) was calculated as weight/height² (kg/m²) and was used to better compare 
leptin concentrations between groups. 

To investigate the effect of TNF blockade on circulating leptin concentrations, we 
compared the samples from 23 RA patients treated with anti-TNF and 8 RA patients receiving 
placebo at baseline and after 2 weeks of therapy.   
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Leptin, IL-6 and CRP 
Fasting blood samples were collected in vacutainer tubes  (Becton & Dickinson, 

Rutherford, NJ) containing K3-EDTA (1 mg/ml), centrifuged at 3600 rpm for 8 min at 4 °C, 
supplemented with saccharose as a cryoprotectant (final concentration 6 mg/ml) and frozen at 
-80°C until assay. Leptin and IL-6 were determined using a commercial ELISA (Biosource, 
Etten-Leur, The Netherlands, detection limit 32pg/mL, respectively 1,5pg/mL), according to 
the instructions of the manufacturer. CRP was measured by immunoturbidometry with the 
Hitachi 747 analyzer using reagents of Roche (#1776371 and #1776428) and the calibrator 
#BCD1. Sensitivity level was 1mg/L and CV was <2%. 

Statistical analysis 
Groups were compared using Mann-Whitney non-parametric U test and Student T-test 

for parametric data. Paired group comparisons during therapy were made using the Wilcoxon 
signed rank test. Correlation was calculated using Spearman non-parametric test. The 
relationship between plasma leptin concentration and CRP/IL-6 was analyzed by linear 
regression. Results are expressed as means + standard deviation (SD). The significance level 
was set at 0.05. 

 
Results  
Circulating leptin concentrations do not differ between RA patients and healthy 

controls. 
To compare our groups of RA patients and controls regarding leptin concentrations, 

we divided each group according to gender. We found no significant differences in circulating 
leptin concentrations between RA patients and controls both in males (5.97 + 4.55 ng/mL and 
4.22 + 2.77 ng/mL) and females (15.05 + 7.91 ng/mL and 13.37 + 5.16 ng/mL) (figure 1). 
Similar results were obtained when comparing leptin concentrations adjusted to BMI: 0.23 + 
0.14 ng/mL vs 0.17 + 0.1 ng/mL in males and 0.65 + 0.29 ng/mL vs 0.58 + 0.17 ng/mL in 
females. However, BMI was significantly higher in RA patients then in controls both in males 
(25.5 + 2.88 kg/m² and 23.12 + 2.35 kg/m², p < 0.032) and females (26.19 + 4.89 kg/m² and 
22.4 + 2.56 kg/m², p < 0.041 ). 

Inflammation is negatively correlated with plasma leptin concentration. 
Leptin concentrations in plasma are mainly regulated by the body fat mass (BF%), and 

correlate with it and with BMI in healthy individuals (21). In our study, circulating leptin 
concentrations correlated with BMI in healthy males (r = 0.88 and p = 0.003) and females (r = 
0.70 and p = 0.043). Interestingly, no such correlation was observed in RA males (r = 0.17, p 
= N.S.) or females (r = 0.15 p = N.S.) before starting anti-TNF therapy. 

Besides the body fat mass, inflammation is also known to be involved in regulating 
plasma leptin concentrations. In RA group, we measured CRP and IL-6 as markers of 
inflammation and found them to be higher than normal. To analyze the relation between 
plasma leptin concentration and CRP/IL-6, we used the linear regression test. In RA patients, 
before starting anti-TNF therapy, plasma concentrations of leptin inversely correlated with 
CRP (figure 2A) and IL-6 levels (figure 2B). The same results were obtained after adjusting 
leptin concentrations to BMI: r² = 0.22, p<0.008 when correlated with CRP concentrations, 
and r² = 0.20, p<0.01 when correlated with IL-6 concentrations at baseline. 

The duration of the disease in our RA group varied between 3 and 26 years, with an 
average of 11 years, and it was not associated with serum leptin concentrations. We did not 
find also any relations between the previous use of DMARDs and serum leptin concentrations 
at baseline. 

 
 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2004.032243 on 24 F
ebruary 2005. D

ow
nloaded from

 

http://ard.bmj.com/


 5

The effects of anti-TNF therapy on inflammatory markers and plasma leptin 
concentrations 

As already reported in our previous studies (14), the levels of CRP and IL-6 decreased 
significantly within 2 weeks of anti-TNF administration, whereas no changes were observed 
after placebo (Table 1).  

After 2 weeks of anti-TNF treatment, plasma leptin concentrations in RA patients 
were similar to those at baseline both in males and females (Table 1). Moreover, no 
significant differences were seen in placebo-treated group. 

 
Discussion  
Inflammatory mediators, such as cytokines TNF-α and IL-1β, decrease energy intake 

and may lead to the wasting described in RA patients. Wasting, in turn, affects the 
inflammatory response and may suppress cellular immunity. In this complex relationship, 
leptin is a possible mediator. In this study, we show that in RA patients, both circulating 
leptin concentrations and leptin adjusted to BMI, inversely correlated with the inflammatory 
status of the patients, as assessed by the inflammatory markers CRP and IL-6. These results 
are supported by the observations that long-term in-vitro stimulation of adipose tissue by 
TNF-α or IL-1β leads to inhibition of leptin and leptin mRNA production (15). Similarly, in 
patients suffering from tuberculosis, another chronic inflammatory condition, inflammation 
negatively correlates with leptin concentration (13). In RA patients, plasma leptin 
concentrations were not correlated with BMI, suggesting that leptinemia of RA is under a 
complex regulation, and weight is not the only major regulator of leptin concentrations in the 
blood of these patients. These facts led us to hypothesise that in RA chronic inflammation, 
probably through proinflammatory cytokines (e.g. TNF, IL-1, IL-6), is an important 
determinant of plasma leptin concentration and has an inhibitory effect on leptin production.  

In addition, we report that plasma leptin concentrations in RA patients do not differ 
from those observed in healthy controls. This is in line with two earlier studies (8,9). In 
contrast, Bokarewa et al found higher plasma leptin concentrations in a group of RA patients 
(11). Theoretically, one could expect increased leptin concentration due to the 
proinflammatory status of RA and to the stimulatory activity of TNF-α and IL-1β on leptin 
release (3,15). Similarly, patients with sepsis and major surgery, two situations also 
characterised by increased TNF-α and IL-1β concentrations, exhibit elevated serum leptin 
concentrations (16). However, as shown above, the chronic inflammation in RA patients had 
inhibitory effects on leptin concentrations in the blood, in contrast with the acute 
inflammation of sepsis and surgery. Recently, Harle et al found almost three times lower 
serum leptin concentrations in a group of RA women than in the healthy women group (12). 
In addition, the body compartment in which leptin is measured may be of importance. 
Whereas blood concentrations did not differ significantly between RA patients and controls, 
concentrations in the synovial fluid may be of importance (7,11).  

The lack of difference between plasma leptin concentrations in RA patients and 
healthy controls may seem in contrast with the inverse correlation of leptin and inflammation 
in these patients, which would have predicted lower leptin concentration in RA patients. The 
cause of this discrepancy is likely due to a combination of factors: a significant percentage of 
the RA patients did not display very high inflammatory parameters at the time of 
investigation; the BMI of the RA patients in our group was slightly higher than that of control 
volunteers; and some of the inhibitory effects of chronic inflammation might have been 
counterbalanced by potential stimulatory actions of acute inflammatory reactions during RA 
exacerbations.  

The duration of the disease was also evaluated in our study in respect to plasma leptin 
concentrations, but no direct relation between these two parameters was found. These results 
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are in line with those of Anders et al. (8), while Bokarewa et al (11) showed a gradually 
increase of leptin concentrations with the duration of RA. 

To better explain our results we evaluated the influence of previous therapy with 
DMARDs on serum leptin concentration in our RA group. We were unable to establish a 
relation between leptin concentrations at baseline and this therapy, no matter the type of 
medication or the dosage that were used. Bokarewa et al. found higher leptin concentrations 
in the methotrexate treated RA group than in the group receiving other DMARDs, but in the 
same time, these concentrations were similar with those found in the group that was not 
treated with any DMARDs. Consecutively, there was no difference in serum leptin 
concentrations between RA patients treated and not treated with glucocorticoids (11). 
Sulphasalazine was also proved to have no influence on leptin release from adipose tissue and 
skeletal muscle (17). The above-mentioned studies point out to a lack of a specific influence 
of one DMARD to serum leptin concentrations. Moreover, a washout period for DMARDs 
was performed on every patients included in our study 3 weeks prior the entry, thus prior to 
the time that blood was collected for leptin determination.  

Leptin is known to have stimulatory effects on T-cell mediated immunity. In the case 
of septic shock, mortality is associated with decreased plasma leptin levels (18), while genetic 
leptin deficiencies increase the severity of infections in humans (5). In addition, severe 
infections have been reported to occur more often in RA patients than in the general 
population (19) especially in patients receiving anti-TNF drugs (20). These data suggest that 
suppression of leptin concentration by chronic inflammation may contribute to the 
susceptibility of RA patients to infections. 

 An additional aim of our study was to investigate whether a short-course of anti-TNF 
therapy can influence leptin concentrations. To date, no study investigated the effect of in-
vivo TNF-α blockade upon circulating leptin levels. We found that a short course of anti-TNF 
therapy for 2 weeks did not change plasma leptin concentrations, despite decreasing of the 
acute phase reactants. Therefore, a short course therapy with anti-TNF does not modulate 
leptin concentrations in RA patients, and studies investigating long-term treatment effect on 
leptin concentration are warranted.  

In conclusion, our study reveals that circulating leptin concentrations are inversely 
correlated with the inflammatory status in patients with RA. We suggest that in RA, chronic 
inflammation down-regulates leptin production, which may indirectly contribute to the 
susceptibility to infections seen in these patients. The precise role of leptin in RA remains 
uncertain, but it is possible that local actions, through synovial leptin, are involved in the 
pathogenesis of the disease, while decreased circulating leptin contribute to impaired host 
defense to infections. A short course of anti-TNF therapy does not modify plasma leptin 
concentrations and therefore longer follow-up studies are needed to further assess this issue. 

 
Competing interests: none declared. 

Copyright statement: The Corresponding Author has the right to grant on behalf of all 
authors and does grant on behalf of all authors, an exclusive licence (or non exclusive for 
government employees) on a worldwide basis to the BMJ Publishing Group Ltd and its 
licensees, to permit this article (if accepted) to be published in ARD and any other BMJPG 
products and to exploit all subsidiary rights, as set out in our licence 
(http://ard.bmjjournals.com/misc/ifora/licenceform.shtml). 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2004.032243 on 24 F
ebruary 2005. D

ow
nloaded from

 

http://ard.bmj.com/


 7

 
References  
1. Ahima RS, Flier JS. Leptin. Annu Rev Physiol 2000; 62:413-37 
2. Baumann H, Morella KK, White DW, Dembski M, Bailon PS, Kim H et al. The full-

length leptin receptor has signaling capabilities of interleukin 6-type cytokine receptors. 
Proc Natl Acad Sci U S A. 1996 Aug 6;93(16):8374-8. 

3. Faggioni R, Feingold KR, Grunfeld C. Leptin regulation of the immune response and the 
immunodeficiency of malnutrition. FASEB J. 2001 Dec;15(14):2565-71. 

4. Loffreda S, Yang SQ, Lin HZ, Karp CL, Brengman ML, Wang DJ et al. Leptin regulates 
proinflammatory immune responses. FASEB J. 1998 Jan;12(1):57-65. 

5. Ozata M, Ozdemir IC, Licinio J. Human leptin deficiency caused by a missense mutation: 
multiple endocrine defects, decreased sympathetic tone, and immune system dysfunction 
indicate new targets for leptin action, greater central than peripheral resistance to the 
effects of leptin, and spontaneous correction of leptin-mediated defects. J Clin Endocrinol 
Metab. 1999 Oct;84(10):3686-95. 

6. Busso N, So A, Chobaz-Peclat V, Morard C, Martinez-Soria E, Talabot-Ayer D, Gabay C. 
Leptin signaling deficiency impairs humoral and cellular immune responses and 
attenuates experimental arthritis. J Immunol. 2002 Jan 15; 168(2): 875-82. 

7. Otero M, Gomez Reino JJ, Gualillo O. Synergistic induction of nitric oxide synthase type 
II: in vitro effect of leptin and interferon-gamma in human chondrocytes and ATDC5 
chondrogenic cells. Arthritis Rheum. 2003 Feb; 48(2): 404-9.  

8. Anders HJ, Rihl M, Heufelder A, Loch O, Schattenkirchner M. Leptin serum levels are 
not correlated with disease activity in patients with rheumatoid arthritis. Metabolism. 1999 
Jun; 48(6): 745-8.  

9. Nishiya K, Nishiyama M, Chang A, Shinto A, Hashimoto K. [Serum leptin levels in 
patients with rheumatoid arthritis are correlated with body mass index] Rinsho Byori. 
2002 May;50(5):524-7. 

10. Tokarczyk-Knapik A, Nowicki M, Wyroslak J. [The relation between plasma leptin 
concentration and body fat mass in patients with rheumatoid arthritis] Pol Arch Med 
Wewn. 2002 Aug;108(2):761-7. 

11. Bokarewa M, Bokarew D, Hultgren O, Tarkowski A. Leptin consumption in the inflamed 
joints of patients with rheumatoid arthritis. Ann Rheum Dis. 2003 Oct;62(10):952-6. 

12. Harle P, Pongratz G, Weidler C, Buttner R, Scholmerich J, Straub RH. Possible role of 
leptin in hypoandrogenicity in patients with systemic lupus erythematosus and rheumatoid 
arthritis. Ann Rheum Dis. 2004;63:809-816 

13. van Crevel R, Karyadi E, Netea MG, Verhoef H, Nelwan RH, West CE, van der Meer 
JW. Decreased plasma leptin concentrations in tuberculosis patients are associated with 
wasting and inflammation J Clin Endocrinol Metab. 2002 Feb; 87(2): 758-63.  

14. Popa C, Netea MG, Radstake T, Van Der Meer JW et al. Influence of anti-TNF treatment 
on the cardiovascular risk factors in patients with active rheumatoid arthritis. Ann Rheum 
Dis. 2005;64: 303-5 

15. Bruun JM, Pedersen SB, Kristensen K, Richelsen B. Effects of pro-inflammatory 
cytokines and chemokines on leptin production in human adipose tissue in vitro. Mol Cell 
Endocrinol. 2002 Apr 25; 190(1-2): 91-9. 

16. Bornstein SR, Licinio J, Tauchnitz R, Engelmann L, Negrao AB, Gold P, Chrousos GP. 
Plasma leptin levels are increased in survivors of acute sepsis: associated loss of diurnal 
rhythm, in cortisol and leptin secretion. J Clin Endocrinol Metab. 1998 Jan; 83(1): 280-3.  

17. Lappas M, Yee K, Permezel M, Rice GE. Sulphasalazine and BAY 11-7082 interfere 
with the NF-kB and IKK-beta pathway to regulate the release of pro-inflammatory 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2004.032243 on 24 F
ebruary 2005. D

ow
nloaded from

 

http://ard.bmj.com/


 8

cytokines from human adipose tissue and skeletal muscle in vitro. Endocrinology 2004, 
November 24 [Epub ahead of print] 

18. Arnalich F, Lopez J, Codoceo R, Jimenez M, Madero R, Montiel C. Relationship of 
plasma leptin to plasma cytokines and human survival in sepsis and septic shock. J Infect 
Dis 1999; 180:908-11 

19. Mutru O, Laakso M, Isomaki H, Koota K. Ten year mortality and causes of death in 
patients with rheumatoid arthritis. Br Med J (Clin Res Ed). 1985 Jun 15;290(6484):1797-
9. 

20. Safety update on TNF-α antagonists: infliximab and etanercept. Food and Drug 
Administration, Center for Biologics Evaluation and Research. Arthritis Advisory 
Committee Meeting, August 17, 2001. Available at http://www.fda.gov/ohrms/dockets/ 
ac/01/brieffing/3779b2.htm 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2004.032243 on 24 F
ebruary 2005. D

ow
nloaded from

 

http://ard.bmj.com/


 9

Figure Legends 
  
 
Figure 1. Circulating leptin concentration in RA patients (n=31) and controls (n=18). No 
significant differences could be found for males as well as for females  
 
Figure 2. Circulating leptin concentrations in RA patients (n=31) are negatively correlated 
with CRP (r² = 0.21, p<0.01) (A) and IL-6  (r² = 0.22, p<0.008) (B). Linear regression test 
was used.  
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    week 0 week 2 P value 
Leptin (ng/mL)     
    male (n=10)  6.21 + 5.00 5.67 + 3.48 n.s. 
    female (n=13)  15.35 + 8.65 16.71 + 9.89 n.s. 
C-reactive protein (mg/mL)     
    anti-TNF  86.11 + 54,42 35.42 + 35.55 <0,0001 
    placebo  53.72 + 49.22 53.91 + 50.0 n.s. 
Interleukin-6 (pg/mL)     
    anti-TNF  88.32 + 60.53 42.31 + 40.72 <0.001 
    placebo   60.00 + 59.64 60.83 + 60.21 n.s. 
 
 
TABLE 1. Evaluation of the inflammatory status, as assessed by levels of CRP and IL-6, and 
plasma leptin concentrations in RA patients after receiving 2 weeks anti-TNF therapy (n = 23) 
or placebo (n = 8). 
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