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Background: Systemic blockade of TNF-� in Rheumatoid arthritis with insulin resistance

seems to produce more improvement in insulin sensitivity in normal weight patients with

Rheumatoid arthritis than in obese patients with Rheumatoid arthritis, suggesting that

systemic-inflammation and obesity are independent risk factors for insulin resistance in

Rheumatoid arthritis patients.

Objectives: To evaluate the insulin resistance in: normal weight patients with Rheuma-

toid  arthritis, overweight patients with Rheumatoid arthritis, obese Rheumatoid arthritis

patients, and matched control subjects with normal weight and obesity; and its association

with major cytokines involved in the pathogenesis of the disease.

Methods: Assessments included: body mass index, insulin resistance by Homeostasis Model

Assessment, ELISA method, and enzymatic colorimetric assay.

Results: Outstanding results from these studies include: (1) In Rheumatoid arthritis patients,

insulin resistance was well correlated with body mass index, but not with levels of serum

cytokines. In fact, levels of cytokines were similar in all Rheumatoid arthritis patients,

regardless of being obese, overweight or normal weight (2) Insulin resistance was signif-
icantly higher in Rheumatoid arthritis with normal weight than in normal weight (3) No

significant difference was observed between insulin resistances of Rheumatoid arthritis

with  obesity and obesity (4) As expected, levels of circulating cytokines were significantly

higher in Rheumatoid arthritis patients than in obesity.
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Conclusions: Obesity appears to be a dominant condition above inflammation to produce IR

in  RA patients. The dissociation of the inflammation and obesity components to produce IR

suggests the need of an independent therapeutic strategy in obese patients with RA.

©  2017 Published by Elsevier Editora Ltda. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

A  obesidade  é  um  determinante  da  resistência  à  insulina  mais
importante  do  que  os  níveis  circulantes  de  citocinas  pró-inflamatórias
em  pacientes  com  artrite  reumatoide
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Introdução: O bloqueio sistêmico do Fator de Necrose Tumoral-� (TNF-�) nos indivíduos

com  artrite reumatoide (AR) com resistência à insulina (RI) parece produzir mais melhoria

na  sensibilidade à insulina em pacientes com AR com peso normal do que em pacientes

obesos com AR. Isso sugere que a inflamação sistêmica e a obesidade são fatores de risco

independentes para a RI em pacientes com AR.

Objetivos: Avaliar a resistência à insulina em pacientes com peso normal com AR (AR-PN),

pacientes com sobrepeso com AR (AR-SP), pacientes com AR obesos (AR-OB) e indivíduos

controle com peso normal (PN) e obesidade (OB) pareados; e a associação com as principais

citocinas envolvidas na patogênese da doença.

Métodos: As avaliações incluíram: índice de massa corporal (IMC), resistência à insulina

com  o modelo de avaliação da homeostase (Homa-IR), método Elisa e ensaio colorimétrico

enzimático.

Resultados: Os resultados marcantes do presente estudo incluíram: (1) Em pacientes com

AR,  a RI estava bem correlacionada com o Índice de Massa Corporal (quanto maior o IMC,

maior  a RI), mas não com os níveis séricos de citocinas. Na verdade, os níveis de citocinas

eram  semelhantes em todos os pacientes com AR, independentemente de serem obesos,

com  sobrepeso ou peso normal. (2) A RI foi significativamente maior no grupo AR-PN do que

no  grupo PN. (3) Não houve diferença estatisticamente significativa entre a RI de pacientes

AR-OB e OB. (4) Como esperado, os níveis circulantes de citocinas foram significativamente

maiores em pacientes com AR do que em OB.

Conclusões: A obesidade parece ser uma condição mais importante do que a inflamação em

produzir RI em pacientes com AR. A dissociação dos componentes da inflamação e da obesi-

dade  na produção de RI sugere a necessidade de uma estratégia terapêutica independente

em  pacientes obesos com AR.

©  2017 Publicado por Elsevier Editora Ltda. Este é um artigo Open Access sob uma

ça  CC
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heumatoid arthritis (RA) is a chronic, systemic, inflamma-
ory disorder of unknown etiology; manifested mostly by
oint inflammation. This inflammatory process involves mul-
iple factors. Lymphocytes produce cytokines such as Tumor
ecrosis Factor-� (TNF-�),  IL-6 and IL-1�, which results in

ecruitment of several other immune cells to the affected
ite. When uncontrolled, this may result in joint destruction
nd deformity.1 Therefore, these incapacitating consequences
ully justify the therapeutic use of drugs such as selec-
ive inhibitors of TNF-�, IL-6 and IL-1�, aimed at reducing
tructural damage.1–3 These cytokines are mainly produced
y macrophages, monocytes and T-cells, but they are also

roduced by different kinds of non-immune cells, includ-

ng adipocytes, muscle cells and renal tubular cells.4–6 On
he other hand, these pro-inflammatory cytokines are closely
elated with insulin resistance (IR), by definition IR is known as
 BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

a diminished cellular response to insulin, moreover compen-
satory hyperinsulinemia is a clinical feature well-established
of IR. The gold standard for evaluating IR is the euglycemic-
hyperinsulinemic clamp, but this method is risky, invasive and
requires medical intervention; however in many  population
studies like ours, IR is evaluated with the Homeostasis Model
Assessment (HOMA-IR) which estimates the basal homeosta-
sis through fasting levels of glucose and insulin and has a high
correlation with the gold standard.7

At the cellular level, insulin signaling is impaired in the
main insulin-sensitive organs, particularly skeletal muscle,
liver, heart and adipose tissue8; this cellular phenomenon is
strongly related to a great myriad of metabolic abnormalities
as obesity, diabetes mellitus, hyperlipidemia, cardiovascu-
lar disease, hypertension, cancer, syndrome of polycystic

ovarian and inflammatory disease. Increased serine phos-
phorylation of the insulin-receptor substrate (IRS-1and 2) by
various stimuli including inflammatory cytokines is the prin-
cipally molecular mechanism identified.8 Furthermore these
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cytokines have been shown to decrease the tyrosine kinase
activity of the insulin receptor.9 Several studies provide evi-
dence for TNF-� playing important roles in various aspects
of the metabolic syndrome, including obesity-induced IR.
Furthermore, it is known that patients with IR have high cir-
culating levels of TNF-�.10,11

Obesity, a low-grade chronic inflammatory condition, has
been considered an important risk factor to develop IR. Adi-
pose tissue, particularly the visceral, is now recognized as the
primary contributor to the IR syndrome.12 TNF-� and IL-6,
which are expressed and secreted by the human adipose tis-
sue, show increased plasma levels in human obesity, which
are reduced in obese subjects after weight loss. In fact, plasma
levels of these cytokines are correlated with the body mass
index (BMI). TNF-� has also been proposed as a link between
obesity and IR.12,13 Indeed, IR and obesity are prevalent in RA
patients.14

Recent studies suggest that systemic TNF-� blockade
(using infliximab, etanercept and adalimumab) and IL-6 recep-
tor antagonist (using tocilizumab) may improve IR in patients
with RA.3,15 Nonetheless, it has been reported that benefi-
cial effect on insulin sensitivity is mainly observed in normal
weight but not in obese RA patients,16 most likely because
anti-inflammatory therapy acts upon the “inflammatory com-
ponent” (pro-inflammatory cytokines) rather than upon the
obesity components in these patients.

Hence, the present study aims at evaluating the relation-
ship between IR and plasmatic concentrations of TNF-�, IL-6
and IL-1 in RA patients with and without obesity to evaluate
the obesity role as a risk factor for IR in RA patients.

Methods

Study  participants

This study was conducted under the guidelines of the dec-
laration of Helsinki of the World Medical Association, which
establishes the ethical principles for medical research involv-
ing humans. All participants gave informed consent. We
recruited 59 adult subjects among 19–70 years old.

RA patients include 27 female fulfilling the American Col-
lege of Rheumatology 1987 criteria and with active disease
admitted to the hospital General and the Mexican Institute of
Social Security of Rioverde city, state of San Luis Potosi; Mex-
ico. Total RA patients (RA w/wo OB) were divided into 3 groups:
7 RA patients with normal weight (RA NW), 7 RA patients
with overweight (RA OW), and 13 RA patients with obesity
(RA OB); RA groups were matched by age, gender and years
after diagnosis even though they were under treatment with
methotrexate (MTX), glucocorticoids (GCs), and non-steroidal
anti-inflammatory drugs (NSAIDs). Inclusion criteria for RA
patients were confirmed diagnosis of active RA (assessed by
The Disease Activity Score-28 Joints, DAS28 > 3.2), never hav-
ing selective biologic treatment anti-TNF-�  or anti-IL-6, nor

anti-IL-1�. Exclusion criteria were patients with a history
of allergies, infections, diabetes or any other systemic ill-
ness. RA w/wo  OB and OB groups were similar in age and
gender.
 0 1 7;5 7(4):320–329

Sixteen normal weight subjects without RA (NW) were
include as negative control for IR, and 16 non-diabetic obese
women without RA (OB) as positive control for IR.

Anthropometrics  and  clinical  data

Body weight was obtained by using a weighing scale with par-
ticipants wearing light clothing and no footwear. Height was
measured by using a stadiometer, with no footwear. BMI  was
calculated by dividing the subject’s weight in kilograms by the
squared height in squared meters. The BMI classifications cor-
respond to the one proposed by the World Health Organization
(WHO) and were as follows: normal weight range 18.5–24.9,
overweight 25.0–29.9 and obese ≥30.0 (kg/m2). Waist circum-
ference was measured using an anthropometric tape measure.
The measurement was taken at the smallest point of circum-
ference between the iliac crest and the rib cage. Also, arterial
blood pressure was obtained by indirect method using a man-
ual cuff and sphygmomanometer.

Analyses  of  samples

Venous blood samples were collected after an overnight
fast (8 h) between 7:00 a.m. and 9:00 a.m. by trained person-
nel using identical, standardized protocols, into non-treated
vacutainers. Serum was separated from whole blood by cen-
trifugation (10 min  at 3000 rpm) and stored at −20 ◦C for
later analysis. The serum was used to determine the fol-
lowing parameters: glucose, insulin, triglycerides (TG), total
cholesterol (TC), HDL-c, TNF-�, IL-6 and IL-1�. Serum glu-
cose was measured by glucose oxidase method, a standard
enzymatic colorimetric assay (Spin react S.A. Spain). Serum
TC, high-density lipoprotein cholesterol (HDL-C) and TG were
measured by enzymatic colorimetric assay using a semi-
automatic chemistry analyser (Spin lab, Spain). Low-density
lipoprotein cholesterol (LDL-C) was calculated according to
the Friedewald formula. Serum insulin was determined by
chemiluminescent micro-particle immunoassay (IMMULITE
1000 system). The HOMA-IR was used to evaluate IR in
patients and controls. [Fasting insulin (�IU/mL) × fasting glu-
cose (mg/dL)/405]. It established the presence of IR to study
subjects when HOMA-IR was >2.5.7 Serums TNF-�, IL-6 and
IL-1� were measured by ELISA method. The ELISA kits were
purchased from Invitrogen Corporation and the protocol used
in this study was per manufacturer’s instructions. The color
produced by the enzymatic reaction was measured at 450 nm
on an Awareness Stat Fax 303 Plate Reader.

Statistical  analysis

All data were expressed as mean ± SEM. Shapiro Wilk test were
assessed for normality. The comparison of means between
groups was made using: (1) one-way ANOVA with Tukey post-
test for parametric data and the Kruskal–Wallis test with

Dunns post-test when data were non-parametric for the anal-
ysis of the three main groups NW, OB and RA w/wo  OB. (2)
unpaired t test for analysis between OB vs. RA OB; RA NW vs.
RA OB and RA NW vs. NW. The association of two  variables was
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Table 1 – Clinical and metabolic parameters of patients with RA.

NW OB RA NW RA OW RA OB
(n = 16) (n = 16) (n = 7) (n = 7) (n = 13)

Age (years) 29.0 ± 2.35 40.94 ± 3.51 51.33 ± 5.34a 40.43 ± 3.82 45.31 ± 3.45
Gender (female %) 50 100 100 100 100
Disease duration (years) – – 7.0 ± 1.7 5.57 ± 1.7 7.55 ± 1.64
Body weight (kg) 61.28 ± 2.28 82.38 ± 3.2 52.14 ± 2.53 65.57 ± 2.56 81.35 ± 2.60b

BMI (kg/m2) 22.12 ± 0.63 34.19 ± 1.17 22.53 ± 0.91 27.96 ± 0.62 34.12 ± 0.98b

WC (cm) 81.05 ± 1.77 106.8 ± 3.12 88.14 ± 4.33 95.57 ± 2.47 107.5 ± 2.61b

SBP (mmHg) 99.23 ± 2.39 121.3 ± 4.16 118.6 ± 4.0 116.7 ± 4.2 123.6 ± 3.63
DBP (mmHg) 64.62 ± 1.43 79.25 ± 2.13 75.71 ± 3.68a 78.33 ± 4.77 82.27 ± 3.39
Insulin (�IU/mL) 4.22 ± 0.60 20.96 ± 2.22 10.96 ± 2.84a 11.96 ± 2.09 23.27 ± 4.35b

Glucose (mg/dL) 93.59 ± 2.73 93.34 ± 3.81 88.57 ± 4.89 105.93 ± 9.15 100.5 ± 4.88
Triglycerides (mg/dL) 84.19 ± 9.53 162.2 ± 18.68 125.6 ± 18.22a 168.7 ± 31.62 123.9 ± 16.41
TC (mg/dL) 147.0 ± 7.26 166.2 ± 5.19 166.6 ± 9.55 153.3 ± 9.53 160.4 ± 11.81
HDL-C (mg/dL) 57.88 ± 3.50 44.5 ± 2.09a 42.14 ± 2.53a 43.29 ± 5.19 39.57 ± 3.80
LDL-C (mg/dL) 72.29 ± 7.47 89.25 ± 5.67 99.31 ± 8.04 76.26 ± 6.07 89.20 ± 11.74
LDL-C/HDL-C 1.36 ± 0.16 2.10 ± 0.19 2.44 ± 0.29a 1.98 ± 0.33 2.60 ± 0.29
MTX (%) – – 42.8 (3/7) 57.1 (4/7) 38.4 (5/13)
GCs (%) – – 57.1 (4/7) 42.8 (3/7) 53.8 (7/13)
NSAIDs (%) – – 86.7 (6/7) 71.4 (5/7) 53.8 (7/13)

Data are expressed as mean ± SEM unless otherwise indicated, to compare the dispersal means an unpaired t test was used for analysis between
OB vs. RA OB, RA NW vs. RA OB and RA NW vs. NW. Statistical significance was set at p < 0.05.
a vs. NW.
b vs. RA NW.

Only comparisons between NW vs. RA NW, RA NW vs. RA OB and OB vs. RA OB were shown.
BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters), the BMI classifications correspond to the
one proposed by the World Health Organization (WHO) and were as follows: normal weight range 18.5–24.9, overweight 25.0–29.9 and obese
≥30.0 (kg/m2); NW, subjects normal weight; OB, subjects with obesity; RA, patients with Rheumatoid arthritis; RA w/wo OB, total RA patients
with or without obesity; RA NW, RA patients with normal weight; RA OW, RA patients with over-weight; RA OB, RA patients with obesity;
WC, Waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; LDL-c/HDL-c, cardiovascular risk index; MTX, methotrexate; GCs, glucocorticoids;
NSAIDs, non-steroidal anti-inflammatory drugs.
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easured with Spearman’s r for nonparametric data. Statisti-
al significance was set at p < 0.05.

esults

emographic  and  clinical  data

 total of 59 consecutive participants were enrolled. The clin-
cal and demographic characteristics were summarized in
able 1. There was no difference in the following parame-
ers: body weight, BMI  and waist circumference among normal
eight groups (NW vs. RA NW), or between obese groups (OB
s. RA OB). As expected, there were statistical significant dif-
erences between RA NW, RA OW and RA OB groups in these
arameters (p = 0.0001). Insulin levels were significantly higher

n RA NW compared against NW (p = 0.003). On the other hand,
he RA NW had significantly lower insulin values than RA
B (p = 0.03); insulin levels between OB and RA OB were not
ignificantly different. The serum TG levels were significantly
igher in RA NW vs. NW (p = 0.02), but not among RA subgroups
r between RA OB vs. OB. LDL-C/HDL-C index was higher in

A NW vs. NW (p = 0.001), but not among RA subgroups or
etween RA OB vs. OB. Of the 27 patients with RA, 44% were
nder treatment with MTX; a little more  than 50% with GCs
nd the most frequent treatment were the NSAIDs (66%).
The  IR  in  RA  patients  is  principally  associated  with  BMI
but not  to  serum  levels  of  TNF-˛

Using the homeostatic model (HOMA-IR), the IR status was
assessed in 59 subjects that integrated the three main study
groups and a HOMA-IR value ≥2.5 was accepted to define
the presence of IR.7 The results show that RA w/wo  OB and
OB groups have similar values of HOMA-IR (4.32 ± 0.72 and
4.86 ± 0.56 respectively), about 4.5–5 times higher than NW
(0.97 ± 0.13) (Fig. 1A).

The HOMA-IR value increased, as BMI was higher: RA NW
(2.39 ± 0.61), RA OW (3.15 ± 0.64) and RA OB (6.0 ± 1.31, p = 0.01
vs. RA NW)  (Fig. 1B). Interestingly, RA NW showed a signif-
icantly higher HOMA-IR than NW (2.39 ± 0.61 vs. 0.97 ± 0.13;
p = 0.008) (Fig. 1B). As expected, the correlation analysis
showed a strong association between BMI  and HOMA-IR
(Spearman r = 0.6, p = 0.0008) in RA patients (Fig. 1C). Addi-
tionally, serum TNF-� levels were significantly elevated in
RA w/wo OB (14.22 ± 3.08 pg/mL) compared to NW and OB
(4.66 ± 0.74 pg/mL and 6.12 ± 1.01 pg/mL; p = 0.01 and p = 0.05
respectively), around 3 and 2 times higher respectively
(Fig. 2A). Furthermore, it was found that serum TNF-� lev-

els of RA OB were significantly higher than OB (14.87 ± 5.36
vs. 6.12 ± 1.0 pg/mL; p = 0.02). Also, RA NW showed higher
serum TNF-� levels than NW (11.7 ± 3.22 vs. 4.66 ± 0.74 pg/mL;
p = 0.007) (Fig. 2B). Additionally, the serum TNF-� levels did not
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Fig. 1 – BMI  correlated with HOMA-IR in RA patients. Data are expressed as mean ± SEM. (A) The Kruskal Wallis test with
Dunnet’s post-test was applied. (B) Unpaired t test was made. (C) Positive correlation between BMI  and HOMA-IR in RA
patients was found, Spearman correlation test was made for this data analysis. Statistical significance was set at p < 0.05.
Insulin resistance was determined by HOMA IR (homeostasis model assessment), BMI, body mass index. The BMI
classifications correspond to the one proposed by the World Health Organization (WHO) and were  as follows: normal weight
range 18.5–24.9, overweight 25.0–29.9 and obese ≥30.0 (kg/m2); NW, subjects normal weight (n = 16); OB, subjects with
obesity (n = 16); RA, patients with Rheumatoid arthritis; RA w/wo OB, total RA patients with or without obesity (n = 27); RA
NW, RA patients with normal weight (n = 7); RA OW, RA patients with overweight (n = 7); RA OB, RA patients with obesity
(n = 13).
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subgroups were  not found. Statistical significance was set at p < 0.05.
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orrelate neither with BMI  nor with HOMA-IR by Spearman’s
 test.

erum  levels  of  IL-6  are  increased  in  RA  patients  but  are
ot associated  with  HOMA-IR

he evaluation of serum levels of IL-6 clearly shows that they
ere significantly higher in RA w/wo OB (12.25 ± 4.55 pg/mL)

ompared with NW and OB (0.81 ± 0.52 and 1.15 ± 0.48 pg/mL;
 < 0.001 and p < 0.05 respectively), almost 15–10 times higher
han NW and OB respectively (Fig. 3A). Serum IL-6 levels in
A NW were significantly higher than in NW (17.27 ± 10.47 vs.
.81 ± 0.52 pg/mL; p = 0.01) and IL-6 levels in RA OB were sig-
ificantly higher than in OB (9.30 ± 5.85 vs. 1.15 ± 0.48 pg/mL;

 = 0.03) (Fig. 3B). Interestingly, in RA patients, we observed a
endency – though not significant-regard to the higher BMI,
he lower IL-6 levels. Correlation analysis between IL-6 and
MI, was not significant (Spearman r = −0.1540, p = 0.45; data
ot shown). Also, correlation analysis between IL-6 levels and
OMA-IR was not significant (Spearman r = −0.21, p = 0.28;
ata not shown).

valuation  of  plasma  levels  of  IL-1ˇ

lasma levels of IL-1� were also evaluated in RA NW, RA OW
nd RA OB (1.52 ± 0.34, 1.72 ± 0.18, 1.51 ± 0.20 pg/mL respec-
ively), these were similar to those found in OB and NW
1.74 ± 0.16, 1.56 ± 0.16 pg/mL respectively) (data not shown).
ll subgroups of RA showed no differences between them in

L-1� levels. No correlation was found between IL-1� levels and
OMA-IR in RA patients (data not shown).
iscussion

he purpose of this study was to evaluate IR in RA patients
ith and without obesity and its association with major
cytokines involved in the pathogenesis of the disease. Our
study indicates that obesity is the main determinant of IR in
RA. Furthermore, the degree of IR observed in obese subjects
(RA OB or OB) is not attainable even with high serum concen-
trations of the cytokines involved in the inflammatory process
(RA NW). These conclusions are based on the following obser-
vations: (1) RA NW, RA OW and RA OB have similar levels of
pro-inflammatory cytokines and these are significantly higher
than in OB (Figs. 2B and 3B); (2) HOMA-IR between OB and RA
OB were not different (Fig. 1B); (3) Despite similar high lev-
els of pro-inflammatory cytokines among RA OB and RA NW
patients, this latter had significantly lower HOMA-IR (Fig. 1B);
(4) HOMA-IR was significantly higher in RA NW than in NW
(Fig. 1B); (5) HOMA-IR was correlated with BMI  but not with
pro-inflammatory cytokine levels in RA (Fig. 1C).

We selected 27 female patients with active RA with and
without obesity of which only 12 patients (44%) were treated
with MTX, in doses of 7.5–10 mg  per week. No patient has used
biologic DMARDs therapy in our study (Table 1). MTX  is a folic
acid antagonist drug, whose main effect is thought to come
from the inhibition of enzymes involved in purine synthesis
leading to the accumulation of adenosine and thus inhibi-
ting the T cell activation.17 MTX apparently does not affect
the TNF-� levels in RA but IL-6 and IL-1� levels are indeed
affected.18,19 We observed that the main treatment in RA
patients included in our study was diclofenac, a non-selective
cyclooxygenase inhibitor (66%) followed by corticosteroids
(≈51%). Recent studies show that treatment with high doses
of intraperitoneal diclofenac (500 �g/mL) does not affect levels
of serum TNF-� and IL-6 in an animal model of fever.20 Addi-
tionally, others have shown that NSAIDs have a slight effect
decreasing IL-1� levels,21 while circulating and local levels of

IL-6 remain unaffected.22 On the other hand, treatment with
low doses of GCs (<7.5 mg of prednisone), as received by some
RA patients in our study does not seem to affect the levels
of circulating TNF-� or IL-6,23 but IL-1� levels are modified.24
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The basal TNF-� amounts in our patients were similar to those
found by Charles and co-workers in RA patients (14.21 ± 3.08
vs. 15.5 pg/mL)25 and by Penesová and co-workers in lean
patients treated with low-doses of prednisone or equiva-
lent (11.70 ± 3.22 vs. 13.6 ± 53.6 pg/mL).23 Hence, it seems that
treatments received by our RA patients did not have a signifi-
cant influence on circulating levels of TNF-� and IL-6.

Obesity, IR and inflammation are closely related. In fact
the pro-inflammatory cytokines are often elevated in subjects
with IR, a “hallmark” of the metabolic syndrome (MS), as well
as chronic inflammation.2,11 Some authors agree that TNF-�,
IL-6 and IL-1 promote IR; it has even been proposed that TNF-�

acts as the principal link between obesity and IR.12,13 At this
point, it is worth mentioning that we did not observe a sig-
nificant difference in TNF-� and IL-6 levels between NW and
OB groups (Figs. 2 and 3, respectively), even though there is
a tendency, as expected, for these levels to be higher in the
OB group; this is discussed below. Furthermore, observational
studies have shown that RA is associated with an increased
prevalence of the MS and inflammatory markers.26 addition-
ally, increased HOMA-IR has been found in RA patients.27

Although the role of pro-inflammatory cytokines in the
pathogenesis of RA is clear, as evidenced by the benefi-
cial damage-preventing effects of anti-rheumatic agents as
etanercept and infliximab (anti-TNF-� agents), tocilizumab
(IL-6 R blocker) and anakinra (recombinant human IL-1 recep-
tor antagonist),3,17,28,29 their metabolic roles are still unclear.
For example: inhibition of TNF-� results in improved insulin
sensitivity in RA patients,3,30–32 this suggests that TNF-� plays
an important role in the development of IR in RA patients, this
is consistent with a similar role of TNF-� in IR development in
the cases of obesity and MS.10,11 In contrast, however, recent
studies cast doubt on the importance of circulating TNF-� in IR
development. For example a recent study shows that 1 year of
systemic blockade of TNF-� in a group of sixteen RA patients
did not have a significant impact on IR status.33 The same
was observed in 56 MS patients treated with etanercept for
4 weeks.34 The results of the present work may help to rec-
oncile these contrasting reports, since comparison of RA NW
with NW suggests that TNF-� may play a modest role – com-
pared to obesity – in IR development in RA patients, but other
obesity-linked factors are more  crucial in the determination
of IR. Therefore, these additional factors should be taken into
account, and may explain the discrepancies among different
reports in regard to IR in RA patients.

In this study we  evaluated the IR by HOMA-IR in a group
of RA patients with and without obesity. We  found increased
HOMA-IR values in RA OB, similar to the values of the OB
group (Fig. 1B). Nonetheless, the comparison of serum TNF-
� and IL-6 levels between these two groups was significantly
higher in the RA OB (Figs. 2B and 3B). This first observation
seems to dissociate the relationship between inflammation
and IR. In support of this latter came the following observa-
tion: the group of RA NW showed lower HOMA-IR than the RA
OB (Fig. 1B), even though both groups had similar high levels
of TNF-� and IL-6 (Figs. 2B and 3B). This strongly suggests that
high circulating levels of pro-inflammatory cytokines are not

necessarily associated with a high degree of IR in RA patients.
Indeed we found no correlation between circulating levels
of TNF-� and IL-6 vs. HOMA-IR (data not shown), but BMI
 0 1 7;5 7(4):320–329

does correlate with HOMA-IR in RA (Fig. 1C). This is consis-
tent with the findings in the recent study of Penesová et al.
where they analyzed the relationship between the inflam-
matory component and glucose metabolism in a group of
RA patients free of metabolic risk factors such as obesity or
endocrine disturbances, which may overlap with the effect
of inflammation on insulin sensitivity; no relationship was
found between high circulating pro-inflammatory cytokines
and metabolic parameters.23 It is likely that the circulating
inflammatory component is not the main determinant of IR
in RA.35 Indeed, although in our study we  found that the
value of HOMA-IR and serum levels of TNF-� and IL-6 were
significantly higher in RA NW than NW (both groups were
free of traditional metabolic factor risks), HOMA-IR was sig-
nificantly higher in RA OB compared with RA NW in spite of
having similar high inflammatory cytokine levels. This indi-
cates that IR determination in RA patients could have two
independent components: inflammation and obesity. More-
over, obesity plays a main role above inflammation to produce
IR. In support of this, a study showed that beneficial effects of
anti-TNF-�  therapy in regard to insulin sensitivity improve-
ment can be observed only in normal weight RA patients
with IR but not in obese RA patients with IR, despite treat-
ment reduced the inflammatory activity of the disease in the
same extent in all RA patients.16 Again, this can be explained
because, the systemic blockade of TNF-� in RA patients has
a greater impact on IR associated to the inflammatory com-
ponent (pro-inflammatory cytokines), but not on the obesity
components. Many other molecules named adipokines, such
as adiponectin, resistin, leptin, and retinol binding protein
4 (RBP4), which are produced by fat tissue, are related to IR
induced by obesity. They mediate the regulation of multiple
organs and tissues such as the skeletal muscle, the cardiovas-
cular system and the pancreas.36,37 Interestingly and contrary
to other reports, we did not find increased serum levels of pro-
inflammatory cytokines (TNF-� and IL-6) (Fig. 3A) in the OB
group, although strong IR was found in the OB group in com-
parison with the NW. It cannot be ruled out that the effect
of pro-inflammatory cytokines would be predominantly local
rather than systemic to modulate other indirect effects in adi-
pose tissue.38,39 For example, TNF-� stimulates the expression
of mediators in fat cells, such as FFAs (free fatty acids) and lep-
tin, which might induce IR in other organs.40 Particularly, the
availability and utilization of FFAs is widely accepted as an
indirect mechanism that contributes to the development of IR
in skeletal muscle.41

With regard to IL-6, a pleiotropic cytokine with a wide range
of biological activities with a pivotal role in the physiopathol-
ogy of RA which is found in abundance in the synovial fluid
and serum of patients with RA,42 this is consistent with our
findings, since all RA groups showed elevated levels of IL-
6 in comparison with NW (Fig. 3A). Serum levels of IL-6 in
our patients were similar to those found in other studies.18,23

However, unlike other reports indicating a positive correlation
between IL-6 levels and the degree of obesity,43 we  found that
the levels of TNF-� and IL-6 in the OB group were not signif-
icantly increased in comparison with the NW group (Fig. 3A),

even though a tendency for the levels to be modestly higher
in OB is present. In fact, this lack of significance has also
been reported by other research groups when measuring these
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ytokines in blood,39 and it is argued that it is at tissue level
here higher levels are usually found in the obese, while

erum levels may remain in some cases without noticeable dif-
erences between NW and OB. Over the last decade, it has been
eported, that IL-6 has dual effects on metabolic disorders
nd the control of body weight.44 We  observed an interesting
endency-though not reaching significance levels – in regard
o the higher the BMI  the lower the serum levels of IL-6 in RA
atients. Evidence by Tekaya et al. and van der Helm-van Mil
t al. showed that obesity and BMI  have protective effects on
he amount of joint destruction, disease progression45,46 and
isease severity (a high BMI  is associated with a less severe
isease outcome in anti-CCP-positive patients with RA). This
rotective effect of obesity could be mediated by a decrease

n IL-6 in obese patients with RA.47 A study conducted in
009 by T. Ruge and co-workers found that IL-6 correlated
nversely with BMI  in patients with hyperglycaemia.48 This
ould explain the tendency to inverse correlation between BMI
nd IL-6 levels that we  observed in RA patients. Limitations
n our study regarding sample size prevent us from further
xploring IL-6levels and BMI  in these patients; we need to
epeat this approach with a greater sample. In general, more
tudies are necessary to clarify the role of IL-6 in obese patients
ith RA.

On the other hand, IL-1� is a potent inflammatory medi-
tor in RA, reported as cytokine actively involved in the
rogression of the disease by activation of osteoclasts in the

oints. Although IL-1� plays a key role, the serum level IL-1�

as almost undetectable in our study. It is well acknowl-
dged that this cytokine is present in the joints in RA, but
t is difficult to measure in serum.25 Besides, as we  men-
ioned above, the treatment used by our patients is likely to
ecrease IL-1� levels. Therefore, this could explain the very

ow levels of this cytokine in our patients (data not shown).
lasma levels of IL-1� have been shown to decrease in patients
reated with MTX  and prednisolone.19,24 Nevertheless, there
s evidence that therapy with GCs such as dexamethasone
estabilizes the mRNA  of IL-1� and IL-1� in a dose depend-
nt manner in human monocytes by two mechanisms: (1) by
nhibiting transcription of IL-1� gene and (2) by decreasing
he stability of mRNA  IL-1�,49 reducing the plasma IL-1�

oncentration on animal models and production in primary
ultures of human adipocytes.50 Serum levels of IL-1� do not
orrelate with HOMA-IR (p = 0.0853) in this study (data not
hown).

The sample size is the main limitation of our study. We
ad a limited number of individuals that fulfilled our inclusion
riteria. However, similar published studies have also shown
he same limitations.16

The main conclusion of this study is that obesity is the
ain determinant of IR in RA patients. This conclusion is

ased on comparisons between the OB group (positive con-
rol of IR) and the three different RA groups (RA NW, RA OW,
A OB) which were matched by age and gender.

A second limitation in our study is related to the fact that
he NW group was not matched neither by gender nor age
ith the rest of the groups. Thus, the observation that HOMA-
R values were significantly larger in RA NW compared to NW
hould be taken with caution. Nevertheless, as an argument
upporting that this limitation may not be decisive, several
 7;5 7(4):320–329 327

studies indicate that metabolic alterations such as IR and glu-
cose intolerance are gender independent.51,52

In our study, the RA NW group has an average age sig-
nificantly larger than NW group, and this may be related
to age-dependent variations in glucose and insulin. In turn,
this age-related effect may affect HOMA-IR determinations,
independently of inflammation and BMI. Even though there
is an age-dependent reduction in basal insulin release in
non-diabetic subjects, this fact is not reflected in fasting
insulin serum levels. The explanation for this observation is
related to the fact that insulin clearing is also reduced (to
the same extent in men  and women), so this keeps insulin
serum levels normal, despite the age-dependent reduction in
insulin release.52 Hence, even though we cannot rule out age-
dependent alterations in basal insulin release in our study
groups, we have observed that the RA NW group has fasting
serum insulin levels even higher than the NW group. These
higher levels in the RA NW group could be explained by: (1)
a reduction in insulin clearing in fasting conditions which is
not accompanied by age-related reduction in insulin release.
However, this is unlikely, because reductions in clearing and
in release generally occur at the same time.52 (2) IR that is not
linked to obesity but to inflammation. This is in agreement
with the conclusions of our study; those groups with the high-
est HOMA-IR values also have higher insulin levels, keeping
glucose levels very close to the normal values (Table 1). In this
way, significantly higher HOMA-IR values are determined by
obesity than by inflammation.

In conclusion, these results indicate that obesity is a major
determinant of IR in RA patients, more  determinant than the
circulating inflammatory components, considered in terms of
TNF�, IL-6 and IL-1� levels. Additionally, the higher IR in RA
NW in comparison to normal weight subjects (NW)  appears
to be solely explained by the impact of inflammatory compo-
nents. Since the main conclusion of our study is that obesity
plays a dominant role over the inflammation in IR in RA
patients, clinicians should much emphasize the importance of
weight control in their patients, in order to avoid undesirable
and potentially severe complications derived from unhealthy
weight gain.
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