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Background: Rheumatoid arthritis (RA) is an autoimmune disease, characterized by inflammation of multiple joints, resulting in 
irreversible cartilage and bone destruction. Chronic disease activity may be associated with metabolic disorders and premature 
atherosclerosis. Adipokines are involved not only in metabolism regulation, but also in inflammatory and immune response.
Aim: This study is designed to explore relationships between adipokines (adiponectin, leptin) and metabolic parameters, as well as 
disease activity, in patients with chronic RA.
Methods: This cross-sectional study enrolled 109 patients with RA. The clinical assessment was performed including tender and 
swollen joint counts, Disease Activity Score 28 (DAS28), body mass index (BMI). The following laboratory parameters were 
performed: erythrocyte sedimentation rate, C-reactive protein, glucose, lipid profile, creatinine. Serum levels of adiponectin and leptin 
were assessed by enzyme-linked immunosorbent assay (ELISA).
Results: The mean adiponectin and leptin serum concentrations remained within normal ranges. Both, adiponectin and leptin levels were 
not associated with current disease activity markers (clinical and laboratory), and type of treatment. Significant relationships were found 
between adipokines and metabolic parameters, as well as with coexistent conditions and RA characteristics. Higher leptin levels were 
noticed in patients with hypertension. In the multiple linear regression analysis, correlations were confirmed. Adiponectin was positively 
correlated with HDL-C (b = 0.37, p < 0.001), age (b = 0.39, p< 0.001), and negatively with glucose (b = −0.17, p = 0.03). Leptin was 
positively correlated with BMI (b = 0.58, p < 0.001), and negatively with estimated glomerular filtration rate (eGFR) (b = −0.30, p < 0.001).
Conclusion: The results of this study show the value of adipokines as indicators of metabolic disorders, rather than inflammatory markers 
in patients with chronic RA, treated with immunosuppressive or biological drugs. High leptin level may indicate poor prognostic factors, 
kidney and cardiovascular complications. Adiponectin seems to be protective against metabolic disorders in chronic RA.
Keywords: rheumatoid arthritis, adiponectin, leptin, disease activity, metabolic biomarker

Introduction
Rheumatoid arthritis (RA) is an autoimmune disease, characterized by chronic inflammation of multiple joints, resulting 
in irreversible cartilage and bone destruction. RA is a systemic disease and may be associated with extra-articular 
manifestations and comorbidities, leading to increased morbidity and premature death. Extra-articular symptoms (eg, 
cardiovascular, kidney involvement) are classified as poor prognostic factors, alongside with high disease activity, high 
levels of acute phase reactants, positivity for antibodies (rheumatoid factor, RF and/or anti-citrullinated protein/peptide 
antibodies, ACPA), presence of early erosions, failure of therapy with conventional synthetic disease-modifying 
antirheumatic drugs (csDMARDs).1–3

The exact etiology of RA remains uncertain, nevertheless it seems that RA pathogenesis is multifactorial, and results 
from the interaction between several genetic and environmental factors. It has been reported that obesity is the risk factor 
for RA, and not only for metabolic disorders such as metabolic syndrome or type 2 diabetes.4,5 On the contrary, high-grade 
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inflammatory activity in the course of RA may be associated with loss of body cell mass and consequently body mass 
reduction, defined as rheumatoid cachexia.6

Adipose tissue seems to be the largest endocrine organ that produces high amounts of several biologically active 
molecules, called adipokines. They are involved not only in appetite and metabolism regulation, and glucose home-
ostasis, but also in inflammatory and immune response.5–8 Adipokines, such as adiponectin and leptin seem to be 
involved in the pathogenesis and activity of autoimmune diseases, including RA. However, their role remains unclear and 
conflicting reports are available in literature.5–8

Leptin is regarded to be a proinflammatory adipokine since it stimulates production of proinflammatory cytokines (eg, 
tumor necrosis factor α, TNF-α; interleukin 6, IL-6), CC-chemokines, and favors the Th1 phenotype in Th1/Th2 
balance.8 It has been reported that leptin may stimulate fibroblast-like cells in RA to produce proinflammatory 
cytokines.5 In most studies in literature, leptin levels were reported to be increased in patients with RA; some studies 
found no significant difference or reduced leptin levels when compared to healthy controls or patients with 
osteoarthritis.6,8 The positive correlation was found between leptin levels and disease activity score (DAS28) or with 
C-reactive protein (CRP) concentration.6,8 In another study, leptin levels were increased only in patients with RA and 
metabolic syndrome.8 No correlation was also reported, between leptin and clinical activity, joint damage, laboratory 
parameters of RA activity.8

Adiponectin is considered an anti-inflammatory adipokine in obesity, type 2 diabetes, metabolic syndrome, athero-
sclerosis. High adiponectin levels are reported to be a protective factor in those conditions.8,9 On the contrary, it was 
found that in RA adiponectin may exert proinflammatory effect especially within the joints, by stimulating the secretion 
of inflammatory mediators (prostaglandins, IL-6, IL-8, matrix metalloproteinases (MMPs)). A destructive role of 
adiponectin was also demonstrated and association with the radiographic progress in RA.8 Although, no correlation 
with CRP, disease activity, disease duration or body mass index (BMI), was also reported, in spite of higher levels of 
adiponectin in RA patients than in controls.6,8

The purpose of this study is to determine relationships between adipokines (adiponectin, leptin) and metabolic 
parameters, as well as disease activity, in patients with chronic RA, treated with csDMARDs and biological DMARDs.

Materials and Methods
Study Population
This cross-sectional study enrolled 109 patients with RA, hospitalized in the Department of Rheumatology and 
Connective Tissue Diseases, Medical University of Lublin, Poland. The patients fulfilled the American College of 
Rheumatology (ACR)/European League Against Rheumatism (EULAR) classification criteria for RA.10 The study was 
conducted in accordance with the Declaration of Helsinki, and was approved by the Ethical Committee of the Medical 
University of Lublin (approval number KE-0254/319/2016 dated 24 November 2016). Written informed consent was 
obtained from each patient, prior to the inclusion in this study.

Clinical and Laboratory Assessment
Clinical information was obtained through detailed interview, review of medical history, self-reported questionnaire, and 
physical examination. BMI was calculated as a ratio, body weight/height2 (kg/m2).

Disease activity was measured using disease activity score system (DAS28), calculated with tender joint count (TJC), 
swollen joint count (SJC), erythrocyte sedimentation rate (ESR), and patient global assessment (PGA) in visual analogue 
scale (VAS).11 The cut point for low disease activity was DAS28 value ≤3.2 and high disease activity >5.1. The ability to 
perform daily activities was assessed using modified Health Assessment Questionnaire (M-HAQ), with range 0–3 (score 
0 presenting no impairment of function).12

All samples of blood were collected in the morning, after overnight fasting. Levels of ESR, CRP, creatinine, uric acid, 
glucose, lipid profile (total cholesterol, TC; high-density lipoproteins (HDL) cholesterol; triglycerides (TG); low-density 
lipoproteins (LDL) cholesterol) and complete blood cell count (CBC) were measured by the laboratory of the hospital. 
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The estimated glomerular filtration rate (eGFR) was calculated by Modification of Diet in Renal Disease (MDRD) 
formula.6 The aliquots of separated serum were stored at −80°C.

Adipokines Assessment
Serum concentrations of adipokines were measured by enzyme-linked immunosorbent assay (ELISA), using the 
commercial kits. Samples were prepared at appropriate dilutions and assayed following the manufacturer’s instructions. 
Adiponectin was measured by Human Total Adiponectin/Acrp30 Immunoassay, Quantikine, R&D System. The normal 
range of serum adiponectin according to manufacturer’s data is between 0.87 and 21.4 ug/mL (mean 6.64); the minimum 
detectable dose 0.246 ng/mL. Leptin was determined by Human Leptin Immunoassay, Quantikine, R&D System. The 
normal range of serum leptin according to manufacturer’s data is: in women between 3.88 and 77.27 ng/mL (mean 
20.68), and in men between 2.21 and 11.15 ng/mL (mean 4.76); the minimum detectable dose is 7.8 pg/mL.

Statistical Analysis
Continuous variables were presented using the mean ± standard deviation (SD) or median and interquartile range (IQR) if 
the data were parametric or nonparametric, respectively. Categorical data were presented as absolute numbers and 
percentages. The results were tested for normality using the Kolmogorov–Smirnov’s test. The Student’s t-test or 
nonparametric Mann–Whitney U-test was used in order to compare continuous variables in subgroups of patients. 
Correlation between the quantitative variables was assessed by Spearman’s or Pearson’s correlation test. The multiple 
linear regression test was performed introducing variables that showed statistically significant association with certain 
parameters. For all tests, p values <0.05 were considered significant. All statistical analyses were performed using the 
StatSoft STATISTICA 12 application.

Results
The study group consisted mostly of women (almost 80%). The disease duration >10 years was observed in about 60% of 
the patients. The vast majority of patients were seropositive for IgM rheumatoid factor (RF-IgM) and/or anti-cyclic 
citrullinated peptide antibodies (anti-CCP). Extra-articular manifestations (rheumatoid nodules, sicca syndrome, inter-
stitial lung disease, impaired kidney function, and vasculitis) in the course of the disease were observed in more than 
50% of the patients (Table 1).

Pharmacological Treatment and the Disease Activity in Patients with RA
At the time of examination csDMARDs were used in 107 patients and included: methotrexate (MTX) in 98 (89.9%) 
patients (dose 10–25 mg/week, in monotherapy or combination), leflunomide (LEF) 14 (12.8%), hydroxychloroquine 
(HCQ) or chloroquine (CQ) 35 (32.1%), sulfasalazine (SS) 15 (13.8%) and cyclosporine 1 (0.9%) (Table 1).

Biological DMARDs (bDMARDs) were administered in 57 (52.3%) patients (Table 1).
Low-dose glucocorticoid (GC) therapy (prednisone ≤10 mg/day) was used in 71 (65.1%) patients (Table 1).
Remission or low disease activity (DAS28 ≤3.2) at the time of examination was noted in more than 1/3 of the 

patients. High disease activity (DAS28 >5.1) was found in about 1/3 of the patients (Table 2).

Adiponectin and Leptin Serum Concentrations in the Whole Group of Patients with 
RA
The median serum concentrations of adiponectin and leptin remained within the normal reference ranges in the study 
group (Table 2).

The serum adiponectin concentration above the normal range was noted in 9 patients (7 female and 2 male). The 
serum leptin concentration above the normal range was found in other 7 patients (1 female and 6 male). The demographic 
and disease-related characteristics of these patients were comparable to other patients.

Leptin level was significantly higher in female compared with male patients (respectively, 16.5 (10.0–29.1) vs 6.6 
(2.4–9.6), p < 0.001). Adiponectin level was comparable in female and male patients.

Journal of Inflammation Research 2022:15                                                                                          https://doi.org/10.2147/JIR.S380642                                                                                                                                                                                                                       

DovePress                                                                                                                       
5847

Dovepress                                                                                                                               Targońska-Stępniak and Grzechnik

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Adiponectin and Leptin Levels in Certain Groups of Patients with RA
In patients with BMI ≥ 25 kg/m2 (overweight/obesity), when compared with those of normal BMI, we found significantly 
higher leptin levels (respectively, 19.4 (11.6–37.0) vs 9.7 (4.8–15.9), p < 0.001) (Figure 1A) and significantly lower 
adiponectin levels (respectively, 7.7 (6.0–11.1) vs 10.1 (6.9–18.1), p=0.02) (Figure 1B).

The median concentration of adiponectin was significantly higher in patients with extra-articular manifestations 
during the course of RA, as compared to those with no extra-articular symptoms (respectively, 10.4 (7.1–16.7) vs 7.6 
(5.5–12.1), p=0.02) (Figure 2A). The median leptin concentration was comparable in both groups.

The median adiponectin level was significantly higher in patients with long-term RA (>10 years), compared with 
patients of shorter disease duration (respectively, 10.2 (6.7–16.7) vs 7.5 (5.7–10.8), p=0.04) (Figure 2B). The median 
leptin level was comparable in both groups.

Table 1 Characteristics of Patients with RA

Data Results (n=109)

Age, years 54.0 (±11.8)

Gender, female/male (n,%) 86 (78.9)/ 23 (21.1)

Disease duration, years 14.5 (±10.6)

Disease duration ≥ 10 years (n,%) 63 (57.8)

Positive RF-IgM (n,%) 94 (86.2)

Positive anti-CCP (n,%) 96 (88.1)

Extra-articular manifestations (n,%) 62 (56.9)

BMI, kg/m2 25.4 (±3.8)

Overweight/Obesity (BMI≥25 kg/m2) (n,%) 54 (49.5)

Current or former smoker (n,%) 57 (52.3)

Arterial hypertension (n,%) 44 (40.4)

Family history of cardiovascular diseases (n,%) 45 (41.3)

Diabetes (n,%) 7 (4.7)

Current conventional synthetic DMARD used (n,%) 107 (98.2)

MTX 98 (89.9)

Anti-malarial drug 35 (32.1)

Leflunomide 14 (12.8)

Other 16 (14.7)

Current biological DMARD used (n,%) 57 (52.3)

Anti-TNFα 29 (26.6)

Other 28 (25.7)

Current low dose glucocorticoid use (n,%) 71 (65.1)

Note: Values are displayed as mean±standard deviation (SD) or frequencies with corresponding 
percentages (%). 
Abbreviations: anti-CCP, anti-cyclic citrullinated peptide antibodies; anti-TNFα, anti-tumor necrosis 
factor; BMI, body mass index; DMARD, diseases modifying anti-rheumatic drug; GC, glucocorticoster-
oid; MTX, methotrexate; RA, rheumatoid arthritis; RF-IgM, IgM rheumatoid factor.
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In patients with arterial hypertension, as compared to those with normal blood pressure, the median concentration of 
leptin was significantly higher (respectively, 18.9 (12.2–37.0) vs 10.6 (5.9–17.9), p < 0.001) (Figure 3A). The median 
concentration of adiponectin was comparable in both groups.

Table 2 Clinical and Laboratory Parameters in RA Patients

Data Results (n=109)

Clinical parameters of RA activity:

TJC 3 (1–9)

SJC 2 (0–6)

PGA (VAS), mm 36.4 (±26.0)

Morning stiffness, minutes 30 (10–60)

DAS28 4.12 (±1.8)

Remission/Low Disease Activity (DAS28 ≤3.2) (n,%) 40 (36.7)

High Disease Activity (DAS28 >5.1) (n,%) 37 (33.9)

M-HAQ 1.4 (±0.7)

Laboratory results:

Hemoglobin, g/dl 12.8 (±1.3)

WBC, 109/l 6.9 (±2.7)

PC,109/l 288.7 (±79.6)

CRP, mg/l 9.3 (2.1–19.8)

ESR, mm/h 27 (13.5–49.5)

Creatinine, mg/dl 0.7 (0.6–0.8)

eGFR, mL/min/1,73 m2 99.0 (89.1–99.0)

Uric acid, mg/dl 4.6 (±1.2)

TC, mg/dl 193 (±45.3)

HDL-C, mg/dl 57.6 (±17.0)

LDL-C, mg/dl 111.7 (±36.0)

TG, mg/dl 113.2 (±52.6)

TC/HDL-C 3.3 (3.0–4.1)

Glucose, mg/dl 88 (67–164)

Adiponectin, ug/mL 9.4 (6.6–15.9)

Leptin, ng/mL 13.95 (7.1–26.1)

Note: Values are displayed as mean ± standard deviation (SD), median (IQR) or frequencies with 
corresponding percentages (%). 
Abbreviations: CRP, C-reactive protein; DAS28, disease activity score in 28 joints; ESR, erythrocyte 
sedimentation rate; HDL-C, high-density lipoproteins cholesterol; LDL-C, low-density lipoproteins 
cholesterol; PC, platelet count; PGA, patient global assessment; M-HAQ, modified health assessment 
questionnaire; RA, rheumatoid arthritis; SJC, swollen joints count; TC, total cholesterol; TG, 
triglycerides; TJC, tender joint count; VAS, Visual Analogue Scale, WBC, white blood cell count.

Journal of Inflammation Research 2022:15                                                                                          https://doi.org/10.2147/JIR.S380642                                                                                                                                                                                                                       

DovePress                                                                                                                       
5849

Dovepress                                                                                                                               Targońska-Stępniak and Grzechnik

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The median leptin level was significantly higher in patients with the family history of cardiovascular diseases (CVD) 
(arterial hypertension, ischemic heart disease, heart failure), when compared with those without CVD family history 
(respectively, 18.0 (7.1–35.3) vs 11.7 (6.8–19.6), p=0.02) (Figure 3B). The median adiponectin level was comparable in 
both groups.

No other significant differences of adipokines levels were observed in relation to disease activity, immunological 
status, method of treatment.

The Relationship Between Adipokines (Adiponectin, Leptin) and the Disease Activity 
Markers, the Disease Duration, and Metabolic Parameters
Positive correlations were found between adiponectin and patients’ age, disease duration, and HDL-C. Inverse correla-
tions were found with other metabolic parameters (BMI, TG, TC/HDL-C, glucose) (Table 3).

Figure 1 Leptin (A) and adiponectin (B) serum concentrations in patients with body mass index (BMI) ≥ 25 kg/m 2 vs < 25 kg/m2.

Figure 2 Adiponectin serum concentrations in patients with vs without extra-articular manifestations (A), and with RA duration ≥10 years, vs <10 years (B).
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Positive correlations were found between leptin and metabolic parameters (BMI, TC). There was an inverse 
correlation between leptin and eGFR value (Table 3). There were no other significant correlations between adipokines 
and disease activity parameters (joint counts, PGA, DAS28, morning stiffness, CRP, ESR), M-HAQ.

In the multiple linear regression analysis, significantly positive associations were confirmed for adiponectin with 
HDL-C (b = 0.37, p<0.001) and age (b = 0.39, p< 0.001), as well as an inverse association with glucose (b = −0.17, 
p=0.03). A positive association was found for leptin with BMI (b = 0.58, p< 0.001) and an inverse with eGFR (b = 
−0.30, p< 0.001).

Discussion
Our study showed that, in patients with RA, adipokines (adiponectin, leptin) were significantly associated with metabolic 
parameters (BMI, lipid profile components, glucose), as well as characteristics of RA (extra-articular manifestations of 

Figure 3 Leptin serum concentrations in patients with vs without arterial hypertension (A), and with vs without cardiovascular disease (CVD) family history (B).

Table 3 Significant Correlations Between Clinical and Laboratory Parameters and 
Adipokines in Patients with RA

Data Adiponectin Leptin

p value R p value R

BMI 0.008 −0.25 <0.001 0.56

TC NS 0.04 0.2

HDL-C <0.001 0.52 NS

TG 0.04 −0.2 NS

TC/HDL-C <0.001 −0.38 NS

Glucose 0.003 −0.29 NS

eGFR NS 0.04 −0.2

Age 0.003 0.29 NS

Disease duration 0.02 0.23 NS

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipopro-
teins cholesterol; LDL-C, low-density lipoproteins cholesterol; TC, total cholesterol; TG, triglycerides.
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RA, disease duration), and coexistent conditions (arterial hypertension, CVD family history). However, we found no 
significant correlation between adipokines and the current disease activity markers, both clinical and laboratory. The 
median levels of adiponectin and leptin remained within the normal reference ranges. That could be related to long-term 
course of RA (≥10 years in almost 60% of patients), and chronic treatment with DMARDs including biological therapy 
(in more than 50% of patients).

In this study, we observed significant correlations between adipokine levels and BMI, the positive correlation between 
leptin and BMI, and the inverse correlation between adiponectin and BMI. In the literature, significant correlations have 
been reported, a negative between adiponectin and body fat mass,13 and positive correlations between leptin concentra-
tion and the amount of body fat13 and BMI.6,9 Both leptin and adiponectin are mainly produced in adipose tissue, that is 
why leptin concentration is associated with the amount of body fat. The negative association between adiponectin and 
body fat mass may result from TNF-α overproduction in obese subjects. Subsequently, TNF-α may induce suppression of 
adiponectin production in adipocytes.13

In this study, adiponectin levels were higher in patients with extra-articular symptoms and in those with long-term 
disease (≥10 years). Adiponectin was positively correlated with the age of patients and duration of RA. We also found 
that adiponectin was related positively to HDL-C and inversely to TG and atherogenic index (TC/HDL-C). The inverse 
association was noticed between adiponectin and plasma glucose level.

Our results are consistent with data in the literature. The positive associations between adiponectin concentration and 
age, and the disease duration were established, as well as significantly higher adiponectin level in patients with long- 
standing RA.6 It has been reported in the literature that adiponectin exerts protective effects against metabolic disorders 
(diabetes, atherosclerosis) and inflammation. Adiponectin regulates plasma glucose levels and increases fatty acid 
oxidation in skeletal muscles resulting in TG reduction.9 The positive association with HDL-C has been also observed.6

It has been reported that adiponectin concentration inversely correlates to weight, central obesity, insulin resistance 
and diabetes risk.9 Physical activity stimulates production and release of adiponectin, which results in improved glucose 
and lipid metabolism. That is probably why lower adiponectin concentrations have been observed in obese subjects.9 

Additionally, in patients with long-term RA, the physical activity may be decreased due to chronic pain associated with 
irreversible joint damage and muscle mass reduction. In our study, adiponectin levels were significantly lower in 
overweight/obese patients as compared to RA patients with normal BMI.

As opposed to metabolic disorders, in the pathogenesis of RA adiponectin seems to exert pro-inflammatory effect and 
may be involved in the development of RA. Higher levels of adiponectin in subjects with overweight/obesity were 
associated with an increased risk of developing RA, independently of other adipokines or risk factors. It has been 
suggested that a chronic pro-inflammatory state associated with obesity is necessary to demonstrate the relation between 
adiponectin level and RA incidence. It is hypothesized that overweight/obesity may uncover the link between adiponectin 
and the risk of RA development.9

According to reports in the literature, adiponectin is able to activate pro-inflammatory response in different cell types, 
including fibroblast-like synoviocytes in the joints and stimulate production of pro-inflammatory factors (IL-6, IL-8, 
prostaglandin E2), enhance production of vascular endothelial growth factor (VEGF) and MMPs, which may result in 
joint destruction.5,8,14 It seems that adiponectin is involved in the process of angiogenesis in the pannus of affected 
joints.15 Several studies demonstrated higher adiponectin levels in patients with RA compared to controls and an 
association with radiographic progression, particularly at early disease stage.5,8,15 A positive correlation between both 
serum and synovial adiponectin levels and disease activity was reported.8 However, in other studies, no correlation was 
found between serum adiponectin and disease activity, DAS28, CRP concentration,8,16,17 or a negative association with 
CRP.18 In our study, no correlation was found between adiponectin and disease activity parameters. However, adipo-
nectin was significantly higher in patients with extra-articular symptoms in the course of RA, associated with severe 
course of the disease and poor prognosis.

Leptin is the main adipokine secreted by adipocytes and related to white adipose tissue mass. The main function of 
leptin is appetite and energy balance regulation by the induction of anorexigenic factors and suppression of orexigenic 
neuropeptides.19 However, leptin has other functions. It is regarded as a pro-inflammatory adipokine, related to “low- 
grade inflammatory status” which occurs in overweight/obese subjects. In the immune system, leptin stimulates 
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monocytes, macrophages, neutrophils, natural killer (NK) cells and production of pro-inflammatory cytokines. Leptin 
seems to be involved in development and progression of RA.19

In several studies, serum leptin concentration was reported to be higher in patients with RA, or not significantly 
different, or reduced when compared to controls.8,13,15,19–22 Leptin was positively correlated with disease activity, 
DAS28, CRP concentration,8,15,18,21 or no correlation was found between leptin and the disease activity.8,23 In another 
observation, an inverse correlation between leptin and inflammatory markers (CRP, IL-6) was found, suggesting that 
long-term in vitro stimulation of adipose tissue by pro-inflammatory cytokines (TNF-α, IL-1b) may inhibit leptin 
production.22 The relationship between leptin and bone destruction in RA also remains controversial.15 In our study, 
serum leptin concentration remained within the normal reference ranges.

According to data from the literature, leptin level was significantly higher in women than in men with RA and 
correlated positively with TC concentration and negatively with eGFR value.6 Leptin could be considered an obesity 
marker since serum leptin concentrations correlated with body fat percentage in patients with RA.19 In another study, 
higher leptin values were associated with disease activity, positive RF, obesity, tobacco, and a positive association was 
demonstrated between cardiovascular risk and serum leptin concentrations in patients with RA.24

The results of animal studies suggest that higher leptin levels may cause hyperglycemia, chronic increase of blood 
pressure and renal dysfunction. Leptin may induce natriuresis which results in an increase of arterial pressure. Leptin 
may also promote glomerular hypertrophy and sclerosis by stimulating glomerular endothelial and mesangial cell 
proliferation and type IV collagen production.25,26 It has been demonstrated that plasma leptin levels are inversely 
related to eGFR and higher leptin values are associated with chronic kidney disease in adults.25 Leptin is mainly cleared 
by kidneys and impaired kidney function is associated with leptin accumulation, which in turn induces inflammation, 
lipid disorders, reactive oxygen species production. Additionally, leptin induces endothelial dysfunction and vascular 
proliferation, which increases cardiovascular risk. Increased leptin levels may be considered a poor prognostic factor.27

Our results are consistent with those in literature. In patients with RA we found the inverse correlation between leptin 
and eGFR value. In this study, we observed significantly higher leptin levels in patients with arterial hypertension and 
with positive CVD family history.

In recent years, increasing numbers of patients with RA have received treatment with biological DMARDs. However, 
limited data exist on relationships between adipokines and biological therapy. Long-term (2 years) anti-TNFα therapy in 
RA and ankylosing spondylitis (AS) patients was associated with no changes of serum leptin, total adiponectin, but 
a significant decrease of high molecular weight (HMW) adiponectin, as well as increase in body weight, BMI, total fat 
mass. The results raised the issue of cardiovascular (CV) risk in these patients.28 In meta-analysis of studies, it has been 
reported that in patients with RA treated with anti-TNFα therapy, a significant increase in fat mass, adiposity and 
a significant decrease in lean mass were observed. The authors suggested, that the use of anti-TNFα drugs associated with 
a further increase in fat mass, could potentially have CV consequences.29 In another study, patients with RA treated with 
biological DMARDs (various anti-TNFα, tocilizumab, abatacept) had lower leptin concentration than those not receiving 
them, however no significant difference of adiponectin concentration.13 In the group of patients with RA treated with 
tocilizumab both total and HMW adiponectin levels significantly increased at month 3, and persisted until month 6 of 
therapy, with in parallel, a significant gain in BMI, waist circumference and lean mass without changes in fat mass.30 In 
our study, more than 50% of patients were treated with biological DMARDs, and almost all the patients received 
csDMARDs. The leptin and adiponectin serum concentrations maintained within the normal ranges, which may be 
related to chronic treatment with several DMARDs.

Our study has some potential limitations. First, the relatively small number of patients included in the study; a higher 
number of patients could enable better statistical evaluation. Second, this was a cross-sectional study, without a control group. 
Third, we could not exclude the impact of concomitant treatment (DMARDs or GC), because the study was performed in real- 
life RA patients. Fourth, heterogenicity of DMARDs treatment, both conventional synthetic and biological.

Our study also has several strengths. First, the detailed characteristics of the patients, which were considered in all aspects 
of RA pathology. Second, this was a study performed in a clinical setting, not experimental or animal one; most of current data 
available in the literature, related to adipokines come from experimental studies. Third, patients were not selected for the study 
—they are real-life patients. Fourth, more than 50% of patients were treated with biological DMARDs.
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Conclusion
In this study, we found significant relationships between adipokines (adiponectin, leptin) and metabolic parameters, 
coexistent conditions, and characteristics of RA. The results of our study indicated that in patients with chronic RA, and 
treated with DMARDs, adiponectin and leptin levels were not associated with the current disease activity markers 
(clinical, laboratory), and type of treatment.

These results point to the value of adipokines as biomarkers of metabolic disorders, rather than inflammatory markers 
in patients with chronic RA. High leptin level may indicate the risk of kidney and cardiovascular complications. 
Adiponectin seems to be protective against metabolic disorders in chronic RA.
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