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Abstract 
Objective

In patients with rheumatoid arthritis (RA), insulin resistance (IR), a component of the metabolic syndrome, is closely 
linked to the systemic inflammation induced by proinflammatory cytokines such as tumor necrosis factor-α and interleukin 
(IL)-6. In the present study, we aimed to assess if an intravenous administration of the anti-IL-6 receptor tocilizumab may 

yield a rapid improvement of IR in RA.

Methods
50 consecutive non-diabetic patients with RA refractory to methotrexate, undergoing periodic treatment with tocilizumab, 

were studied. Besides disease activity, serum insulin, insulin/glucose ratio, insulin resistance (HOMA-IR) and insulin 
sensitivity (QUICKI) indexes were assessed immediately before and 1 hour after the end of an intravenous administration 

of tocilizumab (given in saline solution over 60 minutes).

Results
When comparing baseline data (immediately before) and 1 hour after finishing tocilizumab administration, we observed 

a dramatic decrease of the serum insulin levels and insulin/glucose ratio. Also, a statistically significant reduction of 
IR (HOMA-IR: mean± standard deviation immediately before: 2.62±2.03 vs. 1.65±1.15 1 hour after the end of the 

infusion (p<0.01) and a statistically significant increase of insulin sensitivity (QUICKI immediately before 0.34±0.03 
vs. 0.37±0.04 1 hour after the end of tocilizumab infusion (p<0.01) was observed.

Conclusion
The intravenous administration of tocilizumab yields a rapid beneficial effect on IR and insulin sensitivity in non-diabetic 
RA patients. These findings support the potential beneficial effect of the IL-6 blockade on the mechanisms associated with 

the development of metabolic syndrome and cardiovascular disease in patients with RA.
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Introduction
Rheumatoid arthritis (RA) is a chron-
ic inflammatory condition associated 
with accelerated atherosclerosis and 
increased risk of cardiovascular (CV) 
disease (1-5). Patients with RA display 
a high incidence of metabolic syndrome 
(6-9). In this regard, insulin resistance 
(IR), a metabolic abnormality in which 
peripheral tissues show decreased sen-
sitivity or response to the metabolic 
actions of insulin, is among the main 
components of this syndrome (9). A 
link between inflammation and IR in 
RA exists (10, 11). It was elegantly 
confirmed by Dessein et al. who dem-
onstrated that the acute phase response 
was strongly related to decreased in-
sulin sensitivity in patients with RA 
(12). These investigators showed that 
the insulin concentration in patients 
with RA and other inflammatory arth-
ritides was 57% higher than in age and 
sex-matched controls (13). Similarly, 
Ferraz-Amaro et al. showed that insu-
lin levels were 33% higher in 151 RA 
patients than in healthy controls (14). 
Also, insulin concentrations in patients 
with RA were 41% higher than in age- 
and sex-matched patients with osteoar-
thritis (15). Moreover, high C-reactive 
protein (CRP) levels were associated 
with IR and hypertension in RA (15). 
Impaired pancreatic β-cell function is 
observed in patients with RA (16, 17). 
Most studies support the claim that in-
flammation in RA induces an abnormal 
glucose metabolism and that this effect 
is related to the activity of disease and 
the levels of acute phase reactants (15, 
16, 18). Preclinical and clinical stud-
ies have demonstrated that the same 
pro-inflammatory cytokines that are 
typically dysregulated in RA, such as 
TNF-α, IL-1, IL-6 and IL-8, participate 
actively in the pathophysiology of IR 
in these patients (7, 9, 19). In line with 
these findings, there is enough evidence 
demonstrating the positive effect of the 
blockade of some of these cytokines in 
the evolution of IR. In this way, the TNF 
inhibitors infliximab, etanercept and 
adalimumab have demonstrated a re-
duction in the IR tests and improvement 
of insulin sensitivity in patients with RA 
and other inflammatory joint diseases 
(20-26). However, as recently pointed 

out by Ursini et al. (27), this evidence is 
lesser with other biologic therapies (28). 
IL-6 is a pivotal proinflammatory cy-
tokine strongly implicated in the acute 
phase response (13). Because of that, it 
is plausible to think that the adequate 
blockade of IL-6 would lead to improve-
ment of insulin metabolism in patients 
with active RA. Tocilizumab (TCZ) is 
a humanised monoclonal antibody that 
binds to the IL-6 receptor showing a 
great efficacy in RA naïve or refractory 
to other therapies (29). However, only a 
few studies have focused specifically on 
the potential beneficial effects of TCZ 
on IR in patients with RA. Most of them 
included small number of cases and ad-
dressed the effect of TCZ after several 
months of therapy (24, 30). 
We previously reported that an infu-
sion of the anti-TNF infliximab in long-
standing RA patients yielded a rapid and 
dramatic reduction of IR along with a 
significant improvement of insulin sen-
sitivity (20, 21). However, this aspect on 
the potentially rapid effect of the anti-
IL-6 blockade on IR in patients with RA 
has not been addressed. Due to this, we 
aimed to determine if an intravenous 
infusion of TCZ might yield a dramatic 
improvement of the insulin metabolism 
in a series of patients with RA undergo-
ing periodic treatment with this biologic 
agent because of severe disease. 

Patients and methods
Patient population
A series of 50 consecutive non-diabetic 
patients with RA undergoing periodic 
treatment with the anti-IL-6 monoclo-
nal antibody-TCZ were assessed. They 
were recruited from the Rheumatology 
outpatient clinics of Hospital de La 
Princesa (Madrid, Spain) and Hospi-
tal de Sierrallana (Cantabria, Spain) in 
2015. All patients were 18 years of age 
or older and fulfilled the 1987 and 2010 
classification criteria for RA (31, 32). 
Since the purpose of the study was to 
assess the short-term effect of TCZ on 
insulin metabolism in non-diabetic RA 
patients treated with this drug, a com-
parison of the effect of TCZ administra-
tion in each patient (before and after) 
was performed. Because of that, a pla-
cebo-controlled group was not included 
in the assessment. The same procedure 
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was found acceptable and followed in 
studies on the short-term effect of the 
anti-TNF infliximab therapy on the glu-
cose (20) and lipid profile in patients 
with RA (33). At the time of enrolment, 
all patients underwent evaluation of 
their demographic, clinical characteris-
tics, therapies received and clinical and 
laboratory disease activity parameters.
Patients with diabetes, fasting plasma 
glucose levels >125 mg/dl or current 
antidiabetic oral drugs, chronic kidney 
disease (serum creatinine ≥1.3 mg/dl 
or glomerular filtration rate <60 ml/
min) and body mass index (BMI) ≥35 
(kg/m2) were not included in the study. 
Only 3 of the 50 patients were naïve 
to TCZ at the time of the assessment. 
In these 3 patients, a 6-week wash-
out period for other biologic systemic 
therapies was performed. The remain-
ing patients were on periodical treat-
ment with this biologic agent. TCZ 
(RoActemra®, Roche Laboratories, 
Spain) was administered intravenously 
at variable doses ranging between 4 
mg and 8 mg/kg every 4–6 weeks. In 
this regard, at the time of the study, the 
majority of them were treated with 8 
mg/kg of TCZ intravenously every 4 
weeks. This series of patients included 
long-standing RA patients. Because of 
that, in all cases the monoclonal anti-
body TCZ was prescribed because of 
active disease refractory to methotrex-
ate and also in most of cases to other 
biologic agents. The study protocol 
was approved by the local institutional 
ethics committee of every participant 
center, and it was in accordance with 
the ethical standards outlined in the 
Declaration of Helsinki. All patients 
gave informed consent to participate in 
this study previous to their inclusion. 
This study has not been supported by 
any pharmaceutical company. 

Study protocol
In all cases, TCZ was administered as 
an intravenous infusion in a saline so-
lution over 60 minutes. Blood samples 
were taken after a 12-hour overnight 
fast between 08:00 am and 10:00 am 
hours immediately prior to the TCZ 
infusion (time 0/basal) and 60 minutes 
after finishing TCZ infusion (60´after). 
Vital signs were also registered before 

the infusion, immediately at the end of 
the infusion and 1 hour later.
Baseline glucose, creatinine, total cho-
lesterol, HDL-cholesterol, LDL-choles-
terol and triglycerides were measured by 
standard automated methods on every 
participant center. Erythrocyte sedimen-
tation rate (ESR) was determined using 
the Westergren method and C-reactive 
protein (CRP) by latex immuno-turbi-
dimetry. Rheumatoid factor (RF) and 
anti-citrullinated peptide (Anti-CCP) 
antibodies were also assessed accord-
ing to the automated methods on each 
participant Centre. Serum insulin levels 
(μU/ml) and serum C peptide levels (ng/
mL) were quantified by electrochemilu-
minescence (Liaison, DiaSorin, Stillwa-
ter, MN, USA, or Roche Diagnostics, 
Switzerland). A commercial immunoas-
say kit was used to measure serum hu-
man IL-6 levels (R&D Systems, D6050; 
assay sensitivity=0.70 pg/mL; intra-and 
interassay coefficients of variation were 

<2.6% and <4.5%, respectively) (R&D 
Systems Europe, Ltd., Abingdon, UK). 
Serum levels of IL-6 were measured in 
samples obtained immediately prior to 
a TCZ infusion and 60 minutes later. 
Plasma glucose, insulin, insulin/glucose 
ratio and C peptide were also assessed 
again 1 hour after the end of TCZ infu-
sion (60´ after). None of the patients did 
receive any nutrient before and during 
infusion, or during the period between 
the end of TCZ infusion and the second 
blood sample taken 1 hour after finish-
ing TCZ infusion.

Assessment of insulin resistance 
and sensitivity
While the hyperinsulinemic euglycemic 
clamp technique is the gold standard for 
evaluating insulin sensitivity, the Ho-
meostasis Model Assessment (HOMA) 
for insulin resistance (HOMA-IR) and 
the Quantitative Insulin Sensitivity 
Check Index (QUICKI) are widely used 

Table I. Baseline characteristics of 50 patients with rheumatoid arthritis undergoing tocili-
zumab therapy.

Age at the time of disease onset, years, mean ± SD 47.5 ± 12.6
Age at the time of the study, years, mean ± SD 60.0 ± 13.9
Women, n (%) 42 (80%)
Disease duration, years, mean ± SD 12.6 ± 6.4
Rheumatoid factor positive, n (%)* 34 (69.4%)
Anti-CCP antibodies positive, n (%)* 24 (68.6%)

Disease activity
     DAS28-ESR, mean ± SD 3.2 ± 1.3
     DAS28-CRP, mean ± SD 2.7 ± 1.0
     Swollen joint count, mean ± SD 2.0 ± 2.8
     Tender joint count, mean ± SD 4.2 ± 4.4
     VAS patient disease activity, mean ± SD 36.7 ± 21.5
     C-reactive protein, mg/dl, mean ± SD 0.4 ± 0.6
     ESR, mm/1st hour, mean ± SD 14.5 ± 17.0
     Platelet count/mm3 at the time of the study, mean ± SD 213.1 ± 58.7

Metabolic syndrome features
     Body mass index, kg/m2, mean ± SD 26.3 ± 5.4
     Hypertension, n (%) 22 (44%)
     Systolic blood pressure, mmHg, mean ± SD 130.3 ± 16.6
     Diastolic blood pressure, mmHg, mean ± SD 73.4 ± 11.4
     Triglycerides, mg/dl, mean ± SD 120.8 ± 78.6
     HDL cholesterol, mg/dl, mean ± SD 66.8 ± 23.7
     Glucose, mg/dl, mean ± SD 91.6 ± 10.0
     Insulin, μU/ml, mean ± SD 10.7 ± 5.7
     HOMA-IR, μU mmol/ml, mean ± SD 2.6 ± 2.0
     QUICKI, mean ± SD 0.3 ± 0.0
     Total cholesterol, mg/dl, mean ± SD 211.8 ± 39.9
     LDL cholesterol, mg/dl, mean ± SD 131.5 ± 54.6
     C-peptide, ng/ml, mean ± SD 3.0 ± 1.2
N. of TCZ doses received prior to the study, mean± SD 20.7 ± 17.3

Anti-CCP: anti citrullinated cyclic peptide antibodies; DAS: disease activity score; VAS: visual ana-
logue scale; ESR: erythrocyte sedimentation rate; HDL: high-density lipoprotein; HOMA-IR: homeo-
stasis model assessment of insulin resistance; QUICKI: quantitative insulin sensitivity check index; 
LDL: low-density lipoprotein; TCZ: tocilizumab; SD: standard deviation. *At least 2 determinations 
were required for the analysis of this variable.
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as noninvasive surrogate markers of IR 
and insulin sensitivity, respectively (34, 
35). Although results of both HOMA 
and QUICKI are shown in this report, 
the use of the QUICKI is superior to the 
HOMA index since the variables are 
logarithmically transformed (34).    

Statistical analyses
The results were reported as mean ± 
standard deviation (SD). For the com-
parison of normally distributed vari-
ables between groups, Student’s t-test 
was used. Correlation of HOMA-IR 
and QUICKI prior to TCZ (basal) and 
60 minutes after the end of the infusion 
with selected continuous variables was 
performed adjusting for age, sex and dis-
ease duration via estimation of the Pear-
son partial correlation coefficient (r). 
Statistical analysis was calculated using 
STATA 12/SE (StataCorp, College Sta-
tion, TX, USA). Differences statistically 
significant were considered at p<0.05.

Results
Clinical characteristics of the patients
Epidemiological and clinical charac-
teristics of the patients included in this 
study are shown in Table I. There was 
a predominance of women (80%) with 
a mean duration of the disease of 12.6 
years. Almost 70% were RF and/or 
anti-CCP antibodies positive. The mean 
DAS28 at the time of assessment was 
3.2, which was the result of the pro-
longed use of TCZ in these patients, 
who initiated treatment with this bio-
logic agent because of severe and active 
disease. In this regard, 37 of the 50 pa-
tients had received at least six monthly 
intravenous infusions of TCZ and the 
mean number of monthly intravenous 
infusions received by the patients of this 
series was 20.7.

Relationship between HOMA-IR 
and disease variables
Table II shows the main correlations 

between HOMA-IR and the different 
variables assessed in the study. As ex-
pected, there was a positive association 
of HOMA-IR with BMI, insulin levels 
and C-peptide values immediately be-
fore and 1 hour after the end of TCZ 
administration. A positive correlation 
between HOMA-IR and ESR and tri-
glycerides was also observed following 
TCZ infusion. 

Relationship between QUICKI 
and disease variables
The main correlations between clinical 
variables and QUICKI- insulin sensi-
tivity before and 1 hour after the end 
of TCZ infusion are shown in Table 
III. BMI, insulin and C-peptide levels 
showed a strong negative association 
with QUICKI. Also, a negative signifi-
cant correlation between baseline ESR 
and QUICKI was observed. 

Effect of the tocilizumab infusion 
on glucose metabolism
Following TCZ administration, there 
was a statistically significant reduc-
tion of insulin resistance (HOMA-IR: 
mean± standard deviation immediately 
before: 2.62±2.03 vs. 1.65±1.15 1 hour 
after the end of the infusion, p<0.01) 
and a statistically significant increase 
of insulin sensitivity (QUICKI imme-
diately before 0.34±0.03 vs. 0.37±0.04 
1 hour after the end of tocilizumab in-
fusion, p<0.01) (Table IVA). Figs. 1A 
and 1B show the changes in HOMA-IR 
and QUICKI- insulin sensitivity experi-
enced by each individual. These figures 
confirm that the reduction of IR and 
the improvement of insulin sensitivity 
were reproducible in the vast major-
ity of the individuals assessed in the 
study. Also, as shown in Table IVA and 
Figure 2, there was a rapid and statis-
tically significant reduction of insulin 
serum levels and insulin/glucose ratio 
following TCZ infusion. Moreover, 
TCZ intravenous infusion yielded a 
significant decrease of C peptide levels 
(3.01±1.23 ng/ml prior to TCZ infusion 
vs. 2.56±1.18 ng/ml 1 hour after the end 
of TCZ infusion; p<0.01). When split-
ting the sample into two groups accord-
ing to their basal HOMA-IR, similar 
trends were found in both subsamples, 
although changes in patients with ba-

Table II. Associations between baseline patient characteristics immediately before and 
after a single anti-IL-6-receptor tocilizumab infusion and HOMA-IR in 50 patients with 
rheumatoid arthritis.

Patient characteristics HOMA-IR pre-infusion HOMA-IR post-infusion

 r p r p

Age, years
     At disease onset 0.12 0.42 0.04 0.78
     At the time of the study -0.17 0.25 -0.22 0.14
Disease duration, years  0.17 0.25 0.22 0.14

Disease activity
     DAS28-ESR -0.13 0.39 0.08 0.61
     DAS28-CRP      -0.26 0.09 -0.07 0.67
     Swollen joints -0.17 0.26 -0.21 0.15
     Tender joints -0.25 0.09 -0.02 0.88
     VAS patient disease activity -0.13 0.38 -0.09 0.58
     CRP protein, mg/dl at the time of the study 0.03 0.87 0.18 0.24
     ESR, mm/hr at the time of the study 0.15 0.30 0.30 0.04
     Platelet count/mm3 at the time of the study 0.00 0.98 0.00 0.99

Metabolic syndrome
     BMI, kg/m2 0.51 <0.01 0.58 <0.01
     Basal glucose, mg/dl 0.40 <0.01 0.26 0.08
     Basal insulin, μU/ml 0.65 <0.01 0.75 <0.01
     Triglycerides, mg/dl 0.07 0.66 0.47 <0.01
     Total cholesterol, mg/dl 0.06 0.69 -0.05 0.76
     HDL cholesterol, mg/dl -0.12 0.46 -0.33 0.03
     LDL cholesterol mg/dl 0.05 0.75 0.22 0.15
     C-peptide, ng/ml 0.51 <0.01 0.72 <0.01
     Systolic BP, mmHg 0.00 0.99 0.20 0.19
     Diastolic BP, mmHg -0.24 0.11 0.01 0.95
Number of tocilizumab doses received prior to 0.09 0.53 0.05 0.74 
    the study  

The data were analysed in simple linear regression models. DAS: disease activity score; VAS: visual 
analogue scale; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; BMI: body mass index; 
HDL: high-density lipoprotein; LDL: low-density lipoprotein; BP: blood pressure; HOMA-IR: homeo-
stasis model assessment of insulin resistance. In bold the values with p<0.05.
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sal HOMA-IR over the median were 
stronger (Table IVB-C). Furthermore, 
a non-significant increase of the levels 
of IL-6 following the administration of 
TCZ was observed (Table IVA-B-C). 

Discussion
The prevalence of metabolic syndrome, 
IR and diabetes is increased in patients 
with RA and other inflammatory joint 
diseases (6, 8, 9, 36, 37). A sustained 
inflammation maintained over time 
predisposes to IR and endothelial dys-
function, an early step in the acceler-
ated atherogenesis process that occurs 
in RA (38, 39). In this regard, there is 
a close relationship between inflamma-
tion, acute phase reactants, subclinical 
atherosclerosis and IR (6, 7, 13, 15). 
Proinflammatory cytokines, such as 
TNF and IL-6, are implicated in RA 
and play an important role in the devel-
opment of endothelial dysfunction (2, 
38, 39). Interestingly, anti-TNF agents 

have shown to improve the endothelial 
function of patients with RA (40, 41). 
Besides, several studies have confirmed 
both short-term and long-term benefi-
cial effect of anti-TNF therapy on IR 
in patients with RA (20-26). Since TCZ 
shows a great efficacy as an anti-inflam-
matory agent to be used in patients with 
severe RA, it is plausible to think that 
TCZ may also have a favourable effect 
on the mechanisms associated with IR 
and atherosclerosis in patients with RA. 
Further supporting this, and in keeping 
with the data reported by Dessein et al. 
(13, 15), Chung et al. confirmed that 
the HOMA-IR index was significantly 
and positively correlated with IL-6 in 
patients with RA (42). However, there 
are few studies addressing the effect of 
the IL-6 blockade on the glucose me-
tabolism in RA. Notwithstanding, such 
studies evaluated the effect of TCZ 
after several months of therapy. This 
prompted us to assess if the effect of 

the anti-IL-6 receptor blockade mediat-
ed by TCZ on insulin metabolism could 
occur soon after the administration of 
this biologic agent.
The present study shows for first time 
that the intravenous administration of 
TCZ yields a rapid and dramatic reduc-
tion of IR in patients with severe RA. 
Such a beneficial effect was also asso-
ciated with a rapid improvement of in-
sulin sensitivity in these patients. This 
effect of TCZ was stronger in patients 
with more severe IR at baseline.
Furthermore, and in accordance with 
the relationship of IR and inflammation 
in RA (10, 11), in our study the levels 
of ESR showed a statistically signifi-
cant positive correlation with the HO-
MA-IR after the infusion of TCZ. This 
link between inflammation and glucose 
abnormalities was further supported 
by the statistically significant negative 
correlation between the baseline levels 
of ESR and QUICKI before and after 
the infusion of TCZ. Further support-
ing these data, a significant correlation 
of insulin levels with both HOMA-IR 
and QUICKI was disclosed in our se-
ries of patients before and after TCZ 
infusion. On the other hand, it is well-
known that obesity is associated with 
IR. With respect to this, we observed 
a positive correlation of HOMA-IR 
with BMI and a negative correlation 
with QUICKI before and after the in-
fusion of TCZ. Moreover, in our study 
we observed an increase of the levels 
of IL-6 following TCZ administration. 
Although this finding speaks in favour 
of an effective blockade of the IL-6 re-
ceptor mediated by TCZ, the difference 
did not achieve statistically signifi-
cance, probably because of the short 
period of time elapsed between the two 
determinations.
In most cases, previous studies that 
evaluated the effect of IL-6 blockade on 
the glucose metabolism in RA included 
a small number of patients. In this re-
gard, Schultz et al. studied insulin sen-
sitivity in 11 non-diabetic patients with 
RA treated with intravenous TCZ at a 
dose of 8 mg/kg body weight every 4 
weeks (30). These authors found a sig-
nificant reduction of HOMA-IR after 
3 months of therapy. Also, Chen et al. 
assessed 24 RA patients who received 

Table III. Associations between baseline patient characteristics immediately before and 
after a single anti-IL-6-receptor tocilizumab infusion and QUICKI (insulin sensitivity) in 
50 patients with rheumatoid arthritis.

Patient characteristics QUICKI pre-infusion QUICKI post-infusion

 r p r p

Age, years
     At disease onset -0.07 0.65 -0.05 0.71
     At the time of the study 0.18 0.23 0.00 0.99
Disease duration, years  -0.18 0.23 0.00 0.99

Disease activity
     DAS28-ESR -0.07 0.63 -0.20 0.20
     DAS28-CRP      0.15 0.34 0.03 0.85
     Swollen joints 0.23 0.12 0.21 0.16
     Tender joints 0.11 0.44 -0.03 0.84
     VAS patient disease activity 0.10 0.53 0.02 0.91
     CRP protein, mg/dl at the time of the study -0.23 0.12 -0.17 0.26
     ESR, mm/hr at the time of the study -0.32 0.03 -0.30 0.04
     Platelet count/mm3 at the time of the study 0.03 0.84 0.01 0.96

Metabolic syndrome
     BMI, kg/m2 -0.62 <0.01 -0.57 <0.01
     Basal glucose, mg/dl -0.24 0.09 -0.26 0.07
     Basal insulin, μU/ml -0.90 <0.01 -0.71 <0.01
     Triglycerides, mg/dl -0.18 0.24 -0.29 0.05
     Total cholesterol, mg/dl -0.03 0.83 0.07 0.65
     HDL cholesterol, mg/dl 0.14 0.36 0.23 0.14
     LDL cholesterol mg/dl -0.14 0.37 -0.15 0.33
     C-peptide, ng/ml -0.69 <0.01 -0.61 <0.01
     Systolic BP, mmHg 0.02 0.89 -0.06 0.69
     Diastolic BP, mmHg 0.12 0.43 0.10 0.49
Number of tocilizumab doses received prior to -0.23 0.13 0.00 1.00 
    the study  

The data were analysed in simple linear regression models.  DAS: disease activity score; VAS: visual 
analogue scale; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; BMI: body mass index; 
HDL: high-density lipoprotein; LDL: low-density lipoprotein; BP: blood pressure; QUICKI: quantita-
tive insulin sensitivity check index. In bold the values with p<0.05.
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TCZ at a dose of 4 mg/kg intravenously 
once monthly during the first 3 months 
and then 8 mg/kg once monthly (24). A 
significant reduction was observed in 
HOMA-IR at week 24 (2.97±0.38 vs. 
1.99±0.25; p<0.05) (24). In contrast, 
two studies did not confirm a beneficial 
effect of the anti-IL-6 receptor blockade 
on IR. With respect to this, Makrilakis 
et al. assessed the effect of TCZ on IR 
in 19 patients with RA (two of them 

with type 2 diabetes) before and after 
6 months of intravenous treatment with 
this biologic agent (8 mg/kg, every 4 
weeks) (43). Although patients from 
this study exhibited a decrease of IR, 
such a reduction of HOMA-IR did not 
achieve statistical significance (baseline 
HOMA-IR: 5.02±8.14 vs. 2.34±2.44 at 
month 6) (43). Also, in keeping with our 
results, the mean insulin level in this se-
ries of 19 RA patients showed a reduc-

tion following the treatment with TCZ 
(baseline insulin level 150.6±226.18 vs. 
74.86±73.93). However, the reduction 
of insulin levels was not statistically 
significant (43). Based on the baseline 
HOMA-IR, patients included in this 
study and our individuals were different 
and it may be the reason for the discrep-
ancy in the results. However, our dis-
ease population appeared to be similar 
to their 6 months population (43). With 
respect to this, baseline levels of HO-
MA-IR in this series were in a range of 
IR state (mean basal HOMA-IR: 5.02), 
which was markedly higher than that 
found in our series of 50 non-diabetic 
RA patients who had lower baseline 
HOMA-IR levels (mean HOMA-IR be-
fore TCZ infusion in our series: 2.62). 
Another study yielding negative results 
was conducted by Tournadre et al. (44). 
These authors initially included 21 pa-
tients but only data of 15 of them were 
available after 6 months of TCZ therapy 
(44). To our surprise, the mean HOMA-
IR at month 6 was higher than at base-
line in this series (2.1±1.1 vs. 3.9±5.1). 
In contrast to the former studies that in 
most cases included small series of pa-
tients, it is worth mentioning the results 
found in the phase III trial TOWARD 
(Tocilizumab in Combination With Tra-
ditional DMARD Therapy) study that 
included a larger cohort of RA patients 
(45). With respect to this, in a subanaly-
sis of this study, 328 patients with RA 
were assessed for IR before and after 
24 weeks of intravenous TCZ therapy 
(8 mg/kg/infusion). Patients were ran-
domised to TCZ (n=221) or placebo 
(n=107). Only the subgroup of TCZ-
treated patients experienced a statisti-
cally significant reduction of HOMA-
IR (mean change −1.97, p<0.01). It 
was not the case for the placebo group 
(mean change -0.77, p=0.33) (45). Al-
though it is said that QUICKI has bet-
ter reproducibility than HOMA-IR (34, 
46), there is no information related to 
the effect of TCZ on QUICKI in pa-
tients with RA. 
The reduction of IR in our RA patients 
following infusion of TCZ cannot be 
compared to the reduction of IR in pa-
tients treated with anti-TNF, as previ-
ously reported (20), since the latter was 
performed in RA patients with severe 

Table IVA. Differences between basal (time 0) and post-infusion (time 60 minutes after the 
end of a single tocilizumab infusion) levels of glucose and insulin, insulin/glucose ratio, 
HOMA-IR, QUICKI, and C-peptide and IL-6 levels.

 Basal (time 0) Post-infusion (time 60 min) p
 Mean ± SD Mean ± SD

Plasma glucose (mg/dl)  91.58 ± 10.04 89.32 ± 10.96 0.06
Serum insulin (μU/ml) 10.65 ± 5.75 7.61 ± 5.08 <0.01
Insulin/glucose ratio 0.18 ± 0.07 0.09 ± 0.06 <0.01
HOMA-IR 2.62 ± 2.03 1.65 ± 1.15 <0.01
QUICKI 0.34 ± 0.03 0.37 ± 0.04 <0.01
C-peptide (ng/ml) 3.01 ± 1.23 2.56 ± 1.18 <0.01
IL-6 (pg/ml) 55.12 ± 66.14 62.36 ± 55.57 0.18

SD: standard deviation; HOMA-IR: homeostasis model assessment of insulin resistance; QUICKI: 
quantitative insulin sensitivity check index.

Table IVB. Differences between basal (time 0) and post-infusion (time 60 minutes after the 
end of a single tocilizumab infusion) levels of glucose and insulin, insulin/glucose ratio, 
HOMA-IR, QUICKI, and C-peptide and IL-6 levels. Patients with basal HOMA-IR over 
the median. 

 Basal (time 0) Post-infusion (time 60 min) p
 Mean ± SD Mean ± SD

Plasma glucose (mg/dl)  94.96 ± 10.48 92.68 ± 11.55 0.22
Serum insulin (μU/ml) 14.93 ± 5.28 10.48 ± 5.64 <0.01
Insulin/glucose ratio 0.16 ± 0.07 0.12 ± 0.07 <0.01
HOMA-IR 3.89 ± 2.30 2.33 ± 1.26 <0.01
QUICKI 0.32 ± 0.01 0.35 ± 0.03 <0.01
C-peptide (ng/ml) 3.63 ± 1.26 3.10 ± 1.36 <0.01
IL-6 (pg/ml) 49.3 ± 65.76 61.58 ± 64.65 0.15

SD: standard deviation; HOMA-IR: homeostasis model assessment of insulin resistance; QUICKI: 
quantitative insulin sensitivity check index.

Table IVC. Differences between basal (time 0) and post-infusion (time 60 minutes after 
the end of a single tocilizumab infusion) levels of glucose and insulin, insulin/glucose ratio, 
HOMA-IR, QUICKI, and C-peptide and IL-6 levels. Patients with basal HOMA-IR below 
the median. 

 Basal (time 0) Post-infusion (time 60 min) p
 Mean ± SD Mean ± SD

Plasma glucose (mg/dl)  88.20 ± 8.50 85.96 ± 9.40 0.17
Serum insulin (μU/ml) 6.46 ± 2.00 4.86 ± 2.25 <0.01
Insulin/glucose ratio 0.07 ± 0.03 0.06 ± 0.03 <0.01
HOMA-IR 1.40 ± 0.42 1.00 ± 0.46 <0.01
QUICKI 0.37 ± 0.02 0.39 ± 0.03 <0.01
C-peptide (ng/ml) 2.40 ± 0.84 2.06 ± 0.72 <0.01
IL-6 (pg/ml) 60.92 ± 67.35 63.14 ± 48.51 0.75

SD: standard deviation; HOMA-IR: homeostasis model assessment of insulin resistance; QUICKI: 
quantitative insulin sensitivity check index.
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disease who received anti-TNF therapy 
more than ten years ago. Anti-TNF- 
infliximab was the first biologic agent 
used in those patients. In contrast, many 
of the patients from the present series 
had previously been treated with other 
biologic agents prior to TCZ. Manage-
ment of RA has changed over the last 
two decades and it may explain that 
metabolic abnormalities in patients with 
RA may be less severe than in the past 
decade. Most patients included in the 
TCZ study had received conventional 
therapy very soon after the onset of the 
disease. The mean baseline DAS28-
ESR in the series of anti-TNF-inflix-
imab treated was 4.4 whereas in the 
present series of TCZ treated patients 

it was 3.2. Moreover, anti-TNF-treated 
patients had worse baseline HOMA-IR 
and QUICKI results. Because of that, 
it is difficult to compare the results of 
both studies. Nevertheless, in both cas-
es a beneficial effect was observed.
There are a number of limitations of our 
study. First, we assessed the immediate 
effect of a TCZ infusion. However, we 
did not evaluate the effect of the TCZ 
infusion later (e.g. 24 hours after the 
infusion). Moreover, we did not study 
the influence of TCZ therapy on the CV 
outcome of our patients since we did 
not perform a prospective follow-up of 
this cohort. Finally, our p-values were 
not corrected for the multiple compari-
sons performed. 

In conclusion, our data confirm a rapid 
beneficial effect of TCZ on IR and insu-
lin sensitivity in non-diabetic patients 
with severe RA. It may support the 
long-term use of drugs that act block-
ing IL-6 to reduce the mechanisms im-
plicated in the development of athero-
sclerosis in these patients. Our results 
may be of potential clinical relevance 
since we disclose that the administra-
tion of TCZ leads to an improvement 
of HOMA-IR and QUICKI according 
to reference values (47). In addition, it 
is plausible to think that a pre-selection 
of patients based on HOMA-IR val-
ues before the onset of TCZ treatment 
would be helpful to predict who would 
benefit most from the treatment. 

Fig. 2. Statistically significant 
reduction of insulin serum levels, 
insulin/glucose ratio, HOMA-IR 
and QUICKI following tocili-
zumab intravenous infusion in a 
series of 50 patients with severe 
rheumatoid arthritis. 

Fig. 1A. Changes in HOMA-IR in each patient following tocilizumab infusion.  1B. Changes in QUICKI in each patient following tocilizumab infusion.

1A. 1B.
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