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patients with rheumatoid arthritis free of other metabolic risk
factors. Twenty-two premenopausal RA females (11 patients on
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low-dose GC (<8.5 mg/day of prednisone or equivalent),
11 patients without glucocorticoid therapy) and 15 age- and BMImatched healthy females underwent the oral glucose tolerance
test. The insulin sensitivity indices according Matsuda (ISIMAT)
and Cederholm (ISICED) as well as HOMA2 %S were calculated.
Cytokines, lipid profile, non-esterified fatty acids (NEFA) and
plasminogen activator inhibitor-1 (PAI-1) were measured in
baseline blood samples. Despite elevated interleukin IL-6 and
TNF alpha, glucose, insulin and C-peptide responses to oral
glucose load as well as ISIMAT, ISICED, PAI-1 and NEFA were
comparable in both RA groups and healthy controls. HOMA 2 %S
correlated with disease activity. In conclusions, low-dose
glucocorticoid treatment does not lead to glucose metabolism
impairment in RA patients without other metabolic risk factors.
Increased cardiovascular mortality and morbidity is probably due
to a direct effect of systemic inflammation on myocardium and/or
blood vessels.
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Cardiovascular mortality in patients with
rheumatoid arthritis (RA) is approximately double
compared to the general population (Sattar et al. 2003a.b,
Gonzalez et al. 2007, Meune et al. 2010). An incidence
of cardiovascular events in RA cannot be fully explained
by traditional cardiac risk factors (del Rincon et al. 2001).
Most of the cardiovascular risk in RA has been attributed
to accelerated atherosclerosis; however the mechanisms
causing impaired cardiovascular function have not been
completely clarified yet.
Inflammation plays a major role in all stages of
atherogenesis ranging from fatty streak formation, plaque
destabilization to plaque rupture (Rocha and Libby 2009).
It has been hypothesized that systemic inflammation
affects blood vessels leads to vasculitis (Sattar et al.
2003a,b),
endothelial
dysfunction
resulting
in
atherosclerosis acceleration (Wang and Feng 2004).
Higher C-reactive protein (CRP), hyperinsulinemia, and
hypertriglyceridemia as a part of metabolic syndrome are
well known risk factors of atherosclerosis (Sattar et al.
2003a,b). Higher frequency of metabolic syndrome
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features was found in RA patients (Svenson et al. 1988,
Dessein et al. 2006, La Montagna et al. 2007, Naranjo et
al. 2008). Moreover, increased levels of proinflammatory cytokines in RA seem to be independent of
the traditional cardiovascular risk factors (MaraditKremers et al. 2005).
The data accumulated so far suggest increased
circulating levels of cytokines in RA can independently
contribute to accelerated atherosclerosis through impaired
insulin sensitivity with subsequent hyperinsulinemia and
changes in lipid metabolism (Pamuk et al. 2006, Libby
2008, McKellar et al. 2009, Pemberton et al. 2009). The
majority of studies estimated insulin sensitivity based on
a fasting plasma glucose and insulin concentrations
(Dessein et al. 2006, Chung et al. 2008). However,
decreased peripheral tissue insulin sensitivity may be
compensated for a long time by postprandial
hyperinsulinemia without any changes in fasting glucose
and insulin. Only a few studies reported insulin resistance
in RA patients using the oral or intravenous glucose
tolerance tests or euglycemic hyperinsulinemic clamp
(Paolisso et al. 1991, Rosenvinge et al. 2007).
Furthermore, other metabolic risk factors such as higher
age, obesity, hypertension, dyslipidemia, or endocrine
disturbances may overlap with the effect of inflammation
on impaired glucose metabolism in RA patients.
Chronic glucocorticoid treatment has been
considered to be an independent risk factor of
cardiovascular and metabolic diseases (Dessein et al.
2004). Adverse effect of chronic glucocorticoid treatment
is dose-related. Recently, growing evidence suggest that
low-dose glucocorticoid treatment (<7.5 mg prednisone
or equivalent per day) is relatively safe in RA (Da Silva
et al. 2006, Toms et al. 2008). Nevertheless, possible
metabolic side effects of glucocorticoids could contribute
to cardiovascular risk in RA.
The first aim of our study was to analyze effects
of chronic inflammation on glucose metabolism and
insulin sensitivity in RA patients free of “traditional”
metabolic risk factors. We hypothesized that insulin
resistance and/or hyperinsulinemia is present in these
patients, and parameters of insulin sensitivity are
inversely associated with inflammatory markers. The
second aim of our study was to evaluate effect of lowdose glucocorticoid treatment on studied metabolic
parameters. We expected the glucocorticoid treatment is
associated with glucose and lipid perturbations in RA.
The study was performed in non-diabetic subjects without
obesity, hypertension, cardiovascular and other

comorbidities to avoid possible confounding effects by
preexisting metabolic syndrome risk factors.

Materials and Methods
Twenty-two (n=22) female patients fulfilling the
2010 ACR-EULAR classification criteria for RA were
studied. The patients were recruited from the National
Institute of Rheumatic Diseases in Piestany, Slovakia.
Fifteen (n=15) age- and body mass index (BMI) -matched
healthy female subjects served as controls. Basic
characteristics of all subjects enrolled in the study are
summarized in Table 1. All the studied subjects were
non-smokers, had negative history of endocrine disorders,
diabetes, age limit was 18-40 years, BMI limit was 18-25
kg/m2. The last dose of the medicaments was
administered 24 hours prior to the investigation. Inclusion
criteria for GC+ group were low-dose of glucocorticoid
(GC) treatment (less than 8.5 mg of prednisone or
equivalent per day) and duration of the GC therapy was at
least 2 years. RA activity was quantified as disease
activity score 28 (DAS28) with three variables i.e.
number of swollen joints, number of tender joints and
plasma CRP using an online calculator http://www.dasscore.nl/dasculators.html. All subjects gave informed
written consent and the study was approved by the Ethics
Committee of the National Institute of Rheumatic
Diseases, Piestany, Slovakia in agreement with the ethical
guidelines of the Declaration of Helsinki as revised in
2000.
Both patients and controls were asked to fast and
restrain from the use of strong physical activity for
12 hours prior to the examination. Upon the arrival in the
laboratory at 8:00 AM, cubital vein of one arm was
cannulated. Baseline blood sample was taken at least
30 min after the i.v. catheter insertion to avoid the effect
of acute stress of venipuncture.
During the oral glucose tolerance test (oGTT),
the subjects were asked to ingest a solution containing
75 g glucose. Blood samples were collected before
(0 min) and 15, 30, 45, 60, 75, 90, 105, and 120 min after
glucose ingestion. After centrifugation at 4 °C, all plasma
and serum aliquots were stored at −20 °C until assayed.
Plasma glucose concentrations and fasting serum total
cholesterol, high-density lipoprotein (HDL) cholesterol,
and triglyceride (TG) levels were measured with
enzymatic kits (Roche Diagnostics, Lewes, UK) using an
autoanalyzer Hitachi 911 (Roche Diagnostics, Lewes,
UK). Serum levels of non-esterified fatty acids (NEFA) at
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baseline and in 30, 60, 90 and 120 min were measured
spectrophotometrically by a commercial kit (Randox
Laboratories Ltd, Crumlin, Co. Antrim, UK). ELISA kit
(Diagnostica Stago, Asnieres, France) was used to
measure fasting plasma PAI-1. Insulin and C-peptide
levels were measured by IRMA kits (Immunotech S.A.,
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Marseille, France). Plasma interleukin 6 (IL-6), and
tumor necrosis factor alpha (TNFα) concentrations were
assayed using bead-based immunoassay kit (Bio-Plex,
Bio-Rad Laboratories, Hercules, CA, USA). C-reactive
protein (CRP) concentrations were assayed by
immunoturbidimetric assay.

Table 1. Basic clinical and inflammatory parameters in patients with rheumatoid arthritis on low-dose glucocorticoids (RA GC+),
rheumatoid arthritis patients not treated with glucocorticoids (RA GC−) and healthy controls.

Age (yrs)
BMI (kg/m2)
Disease duration (yrs)
DAS28
Dose of prednison or equivalent
(mg/day)
NSAIDs (number of patients)
MTX (number of patients)
DMARDs (number of patients)
Total cholesterol (mmol/l)
HDL cholesterol (mmol/l)
TG (mmol/l)
NEFA (mmol/l)
PAI-1 (ng/ml)
IL-6 (pg/ml)
TNF alpha (pg/ml)
CRP (mg/l)

Controls
(n=15)

RA all
(n=22)

RA GC+
(n=11)

RA GC−
(n=11)

29.9 ± 5.2
21.6 ± 2.0
–
–

30.0 ± 5.8
21.4 ± 2.7
7.5 ± 3.4
3.3 ± 1.1

30.6 ± 6.7
21.3 ± 2.4
6.7 ± 1.7
3.4 ± 1.3

29.5 ± 5.2
21.5 ± 3.1
8.3 ± 4.5
3.2 ± 0.9

–

4.2 ± 1.9

4.2 ± 1.9

–

–
–
–
3.67 ± 0.62
0.96 ± 0.20
0.70 ± 0.19
0.75 ± 0.25
29.9 ± 17.2
1.4 ± 1.8
0.6 ± 1.1
1.2 ± 3.8

22
19
12
3.49 ± 0.65
0.92 ± 0.18
0.74 ± 0.25
0.65 ± 0.25
36.0 ± 18.3
18.7 ± 28.3***
13.6 ± 53.6
7.4 ± 14.0**

11
9
6
3.35 ± 0.74
0.90 ± 0.19
0.82 ± 0.19
0.68 ± 0.26
35.9 ± 19.2
30.6 ± 36.3**
26.0 ± 75.5*
11.6 ± 19.0**

11
10
6
3.62 ± 0.56
0.95 ± 0.17
0.66 ± 0.29
0.63 ± 0.25
36.0 ± 18.3
6.8 ± 7.1**
1.1 ± 2.1
3.3 ± 3.5*

Data are expressed as mean ± SD. * p<0.05, ** p<0.01, *** p<0.001 vs. Controls. Abbreviations: RA, rheumatoid arthritis;
GC, glucocorticoids; BMI, body mass index; BF, body fat; NSAIDs, non-steroid anti-inflammatory drugs; MTX, metothrexate; DMARDs,
disease modifying antirheumatic drugs; HDL, high-density lipoprotein; TG, triglycerides; NEFA, non-esterified fatty acids; PAI-1,
plasminogen activator inhibitor factor 1; IL-6, interleukin 6; TNF, tumor necrosis factor; CRP, C-reactive protein.

The insulinogenic index was calculated as the
ratio of incremental insulin to incremental glucose
concentrations 30 min after glucose ingestion (Mari et al.
2008). From fasting glucose and insulin concentrations
index of insulin resistance IR HOMA was calculated
(Matthews et al. 1985). Similarly, the updated HOMA2
model was used to estimate the insulin resistance
(HOMA2-IR), insulin sensitivity (HOMA2-%S) and βcell function (HOMA2-%B) from fasting glucose and
insulin levels (Wallace et al. 2004). Glucose and insulin
concentrations from the oral glucose tolerance tests were
used to calculate following indices of insulin sensitivity:
index of peripheral insulin sensitivity as proposed by
Cederholm and Wibell (ISICED) (Cederholm and Wibell

1990); and composite whole body insulin sensitivity
index as proposed by Matsuda and DeFronzo (ISIMAT)
(Matsuda and DeFronzo 1999). During the OGTT, areas
under the curves (AUC) of glucose, insulin and C-peptide
were calculated by means of the trapezoidal rule.
Statistics
ANOVA was used to determine differences in
basal parameters and cytokine concentrations among RA
groups and controls. General Linear Model repeated
measures (GLM-RM) procedure was used to determine
the differences in glucose, insulin and C-peptide
responses during oral glucose tolerance test between RA
patients and controls. All calculated indices of insulin
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sensitivity were correlated with the measured cytokines,
CRP, DAS28 and PAI-1 with Pearson’s correlation.
Statistical evaluation was performed using the SPSS 11.5

Vol. 62
program (SPSS Inc., Chicago, IL, USA). The results are
expressed as the mean ± SD. Differences were considered
significant at p<0.05.

Fig. 1. Plasma glucose (A), insulin (B), and serum NEFA (C) concentrations in all RA patients (diamonds) and controls during oGTT;
plasma glucose (D), insulin (E), and serum NEFA (F) concentrations in RA patients with glucocorticoid treatment (RA GC+, open
triangles) and controls during oGTT. (Data are expressed as mean ± SE.)

Results
There were no significant differences in
anthropometric parameters among all three groups. As
expected RA patient had higher IL-6 (p=0.001), CRP
levels (p=0.003), and tendency to higher TNF alpha

(p=0.057) compared to healthy controls. The mean
fasting total and HDL cholesterol, triglycerides and
baseline PAI-1 were comparable in all groups (Table 1).
Impaired glucose tolerance was found in 4 RA
subjects treated with glucocorticoids, 4 subjects in RA
patients untreated with glucocorticoids and in 4 control
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subjects. Fasting, as well as 2-hour glucose, insulin, Cpeptide, PAI-1 and serum NEFA concentrations were
comparable in RA and controls. During the oral glucose
tolerance test glucose, insulin and C-peptide increased
significantly (p<0.001) and serum NEFA significantly
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decreased (p<0.001), however the changes were
comparable between two RA patient groups and controls
(Fig. 1). There were no significant differences in insulin
sensitivity indices among RA groups and controls (Table
2).

Table 2. Insulin sensitivity indices (ISI) in patients with rheumatoid arthritis (RA) on low-dose glucocorticoids (RA GC+), in RA patients
not treated with glucocorticoids (RA GC−) and in healthy controls.

IR HOMA
HOMA2-IR
HOMA2-%B
HOMA2-%S
Insulinogenic index (mU.mmol.l−1)
AUCGLU (mmol/l.min)
AUCINZ (μU/l.min)
AUCC-PEP (x103 pmol/l.min)
ISIMAT
ISICED

Controls
(n=15)

RA all
(n=22)

RA GC+
(n=11)

RA GC−
(n=11)

0.83 ± 0.39
0.51 ± 0.22
67 ± 16
228 ± 83
15.5 ± 9.2
926 ± 129
5.9 ± 2.9
274 ± 79
8.57 ± 2.83
50.8 ± 8.8

0.83 ± 0.42
0.51 ± 0.24
68 ± 15
242 ± 115
14.5 ± 7.4
902 ± 147
5.5 ± 2.8
275 ± 71
9.07 ± 3.68
53.6 ± 12.8

0.82 ± 0.42
0.50 ± 0.24
70 ± 17
236 ± 68
15.5 ± 7.1
897 ± 176
5.4 ± 1.5
279 ± 49
8.94 ± 3.13
53.5 ± 14.6

0.84 ± 0.44
0.51 ± 0.25
66 ± 15
248 ± 136
13.5 ± 7.8
907 ± 120
5.6 ± 3.7
271 ± 91
9.20 ± 4.32
53.7 ± 11.5

Patients vs. Controls * p<0.05. Abbreviations: RA, rheumatoid arthritis; GC, glucocorticoid; HOMA, homeostasis model assessment;
IR, insulin resistance; HOMA2-%B, homeostasis model assessment to estimate b-cell function; HOMA2-%S, HOMA indexes of insulin
sensitivity; HOMA2-IR, HOMA to estimate insulin resistance; AUCGLU, area under the curve of glucose; AUCINZ area under the curve of
insulin; AUCC-PEP, area under the curve of C-peptide; ISI, insulin sensitivity index.

There were no differences in the above
mentioned parameters between RA patients treated with
glucocorticoids and glucocorticoid-untreated patients.
Similarly, there were no differences in all studied
metabolic parameters between RA patients with low
(DAS28≤3.2) and moderate to high disease activity
(DAS28>3.2).
Area under the curve of insulin correlated
negatively with baseline IL-6 concentrations (r=−0.328,
p=0.04). HOMA %B negatively correlated with disease
activity score DAS28 (r=−0.533, p=0.01). There were no
other significant correlations between the studied
inflammatory markers, DAS28, NEFA, PAI-1 and insulin
sensitivity indices found (data not shown).

Discussion
Chronic inflammation has been considered one
of the risk factors participating on accelerated
atherosclerosis not only in association with RA but also
as an independent risk factor of cardiometabolic
syndrome in general. To better separate effects of chronic

inflammation from other risk factors such as hypertension
or obesity, an approach used in our study was to
investigate metabolic parameters in patients with chronic
inflammatory disease without the “traditional” risk
factors. Results of the present study showed the subjects
with long-established diagnosis of RA but without other
cardiometabolic risk factors had no signs of insulin
resistance/sensitivity. Moreover, RA patients in our study
had normal antilipolytic effect of insulin as indicated by
comparable decline of NEFA during oGTT and normal
lipid profile. As expected, RA patients had higher IL-6
and TNF alpha serum concentrations, however we did not
observe any significant relationship between metabolic
parameters and inflammatory cytokines measured in our
study. Decreased insulin sensitivity in RA patients based
on oGTT and hyperinsulinemic clamp has been reported
previously (Paolisso et al. 1991, Rosenvinge et al. 2007).
Svenson and coworkers found that impaired glucose
handling is related to insulin resistance in patients with
active RA (Svenson et al. 1988). Moreover these patients
were treated with high dose of glucocorticoids. Our
results about negative association between HOMA 2 %B
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and DAS28 is in a good agreement with study of
(Dessein and Joffe 2006). They found that DAS28 was a
negative predictor of beta cell function in RA patients.
On the other hand authors of the latter study (Chung et al.
2008) found that the HOMA index positively correlated
with IL-6, CRP levels, erythrocytes sedimentation rate,
and DAS28; even after adjusted for age, sex, race, BMI,
and current use of corticosteroids.
The prevailing dogma is that IL-6 promotes
insulin resistance and thus contributes to obesity
development. This assumption is supported by finding of
elevated IL-6 in obese patients (Hotamisligil et al. 1993,
Yudkin et al. 2000, Fernandez-Real and Ricart 2003,
Shoelson et al. 2006). Our results do not support the
hypothesis that chronic inflammation in rheumatic
diseases is a marker of increased risk for insulin
resistance. It has been a matter of discussion whether or
not IL-6 should be considered a “bad guy ” or a “good
guy” with regard to its metabolic actions (Febbraio et al.
2010). Studies demonstrating that IL-6 is released from
skeletal muscle have shed a different light on the role of
IL-6 in the etiology of insulin resistance since insulin
action is known to be enhanced in period immediately
after exercise (Pedersen and Febbraio 2005). Stouthard et
al. (1995) demonstrated that infusion of rhIL-6 increased
whole body basal and insulin stimulated glucose disposal
and subsequent oxidation, although the endogenous
glucose production was increased. Recent studies showed
treatment with the humanized IL-6 receptor-inhibiting
monoclonal antibody (tocilizumab) helps to manage
inflammatory disorders such as RA, however, an
excessive weight gain, impaired metabolic homeostasis
and hyperlipidemia is associated with the treatment
(Febbraio et al. 2010). Animal studies supported this
result, IL-6-/- mice are protected from several diseases,
but paradoxically they developed adult-onset obesity and
glucose intolerance (Wallenius et al. 2002). On the other
hand overexpressed human IL-6 in mice had increased
insulin sensitivity and prevented the development of dietinduced obesity (Sadagurski et al. 2010). There is
increasing evidence that IL-6 and TNF alpha act in a
different manner on insulin sensitivity. TNF alpha
impairs glucose disposal in skeletal muscle. Indeed, some
data demonstrate that IL-6 can attenuate increases in TNF
alpha (Tanaka et al. 2001). These findings collectively
suggest a complex interplay among inflammatory
mediators and metabolic processes. Furthermore,
increased cardiovascular mortality and morbidity
observed in RA can be explained by a different site of

action of the systemic inflammatory mediators such
myocardium or blood vessels.
In our study we observed comparable glucose
metabolism in RA patients on low-dose glucocorticoids
and patients without the treatment or healthy controls.
Dessein et al. (2004) demonstrated high doses of pulsed
glucocorticoids were independently associated with
decreased insulin sensitivity after controlling for body
mass index. In a different study, the authors did not find
any difference in index if insulin resistance HOMA and
QUICKI between patients with or without glucocorticoid
treatment (Dessein and Joffe 2006). The effect of lowdose glucocorticoid treatment on glucose homeostasis
depends also on the time of the last application. Moreover
cumulative dose of glucocorticoids is strongly associated
with index of beta cell function based on fasting plasma
glucose and insulin concentrations (Dessein and Joffe
2006). Development of insulin resistance depends on
dose of glucocorticoids as well as on a presence of other
risk factors such is obesity, bad nutritional habit and
physical inactivity. Low-dose glucocorticoid therapy
(7.5 mg of prednisolone) for 2 weeks in healthy subjects
decreased ability of insulin to suppress endogenous
glucose production and lipolysis, but did not affect
peripheral glucose disposal. It is clear that high-dose of
glucocorticoids has negative effect on many metabolic
parameters (van Raalte et al. 2009, van Raalte et al.
2011a,b). Recent study of van Raalte et al. (2011a,b)
indicated that the GLP-1 receptor agonist exenatide might
prevent glucocorticoid-induced glucose intolerance and
islet-cell dysfunction therefore incretin-based therapies
represent a potential strategy to prevent steroid diabetes.
Our results indicate that low-dose glucocorticoid
treatment with duration of 2-9 years is relatively safe and
did not lead to glucose metabolism impairment yet.
In conclusion, our results demonstrate that
despite high inflammatory activity RA patients without
other metabolic risk factors including obesity, higher age,
hypertension or smoking did not differ in glucose
metabolism to age, sex and BMI matched healthy
subjects. Low-dose glucocorticoids treatment did not
have a significant effect on glucose metabolism and
insulin sensitivity in young women, however, a negative
effect of the treatment with preexisting metabolic risk
factors cannot be excluded.
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