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IL-1 inhibition improves insulin resistance and
adipokines in rheumatoid arthritis patients with
comorbid type 2 diabetes
An observational study
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Saverio Alvaro, MDa, Liakouli Vasiliki, MD, PhDa, Paola Di Benedetto, PhDa, Francesco Carubbi, MD, PhDa,
Onorina Berardicurti, MDa, Elio Gulletta, MD, PhDc, Giovambattista De Sarro, MD, PhDb,
Roberto Giacomelli, MD, PhDa

Abstract
Recently, it has been shown that some well-known pathogenic mediators in rheumatoid arthritis (RA), such as interleukin-1b (IL-1b)
and tumor necrosis factor (TNF), could play a pathogenic role in insulin resistance and (IR) and type 2 diabetes (T2D).
In this 6-month longitudinal study, we aimed at investigating if the inhibition of IL-1 or TNF is associatedwith an improvement of IR in

RA patients with comorbid T2D and the possible effects on selected serum adipokines. RA patients with comorbid T2D were
recruited among those undergoing treatment with anakinra (ANA) or with TNF inhibitor (TNFi). The 1998-updated version of the
Homeostasis Model Assessment (HOMA2) was used to calculate surrogate indexes of IR (HOMA2-IR) and steady-state beta cell
function (%B) from fasting values of glucose and C-peptide. Glucagon, adiponectin, adipsin, leptin, and resistin were also measured.
All these parameters were collected at baseline, after 3 and 6 months of treatment.
ANA-treated patients showed a significant improvement in HOMA2-%b, HOMA2-IR, and glucagon. In TNFi-treated patients, no

significant difference was observed analyzing these metabolic parameters. Adipsin and resistin decreased after 6 months in ANA-
treated patients whereas, no difference was recognized analyzing adiponectin and leptin. In TNFi-treated patients, leptin and resistin
significantly increased, whereas no difference was found analyzing adiponectin and adipsin, during the follow-up.
Our data may suggest a beneficial effect of IL-1 inhibition on measures of metabolic derangement in RA-associated T2D. If further

confirmed by larger studies, IL-1 targeting therapies may represent a tailored approach in these patients.

Abbreviations: %B. = steady-state beta cell function, A1c = glycated hemoglobin, ACPA = anticyclic citrullinated peptide
antibodies, ACR= American College of Rheumatology, ANA= anakinra, BMI= bodymass index, CCSs= corticosteroids, CRP=C-
reactive protein, CVD = cardiovascular disease, DAS28 = disease activity score including 28 joints, DMARDs = disease modifying
antirheumatic drugs, ESR = erythrocyte sedimentation rate, EULAR = European League Against Rheumatism, FPG = fasting values
of glucose, GCP=GoodClinical Practice, HAQ=Health Assessment Questionnaire, HOMA-IR= homeostasis model assessment of
insulin resistance, HOMA2-IR = model assessment of insulin resistance, IL-1b = interleukin-1b, IR = insulin resistance, RA =
rheumatoid arthritis, RF= rheumatoid factor, SJC= swollen joints, T2D= type 2 diabetes, TJC= tender joints, TNF= tumor necrosis
factor, TNFis = TNF inhibitors.

Keywords: anakinra, cardiovascular events, IL-1, rheumatoid arthritis, therapy, type 2 diabetes

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
leading to bone damage, functional loss, and impaired quality of
life.[1,2] Despite the treatments with conventional synthetic and
biologic disease modifying antirheumatic drugs (DMARDs)
improved RA management, patients experience an increased rate
of comorbidities, mainly cardiovascular disease (CVD).[3–5] The
synergy between “traditional” CVD risk factors and pro-
inflammatory process may explain this typical clinical pheno-
type.[6] When assessing “traditional” CVD risk factors in RA, a
consistent connection between RA and both type 2 diabetes
(T2D) and insulin resistance (IR) has been reported.[7,8] The latter
is the decreased sensitivity to metabolic actions of insulin, occurs
early in the natural history of T2D, and predicts CVD.[9,10]

Different techniques have been validated to noninvasively assess
IR from fasting state values of glucose and insulin; however, the
HOmeostasis Model Assessment of Insulin Resistance (HOMA-
IR) is considered the most reliable and cost-effective surrogate
measure of IR in clinical settings.[11] The mechanisms leading to
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IR and T2D in RA patients are partially explained by traditional
CVD risk factors and the role of pro-inflammatory pathways has
been suggested.[12] In fact, some well-known pro-inflammatory
mediators in RA, such as interleukin-1b (IL-1b) and tumor
necrosis factor (TNF), may play a role in the development of IR
and T2D, contributing to beta-cells’ dysfunction and destruc-
tion.[13,14] In addition, in the context of CVD in rheumatic
diseases, the pathogenic contribution of adipokines has been
proposed.[15] Adipokines are pleiotropic molecules, mainly
released by white adipose tissue, contributing to pro-inflamma-
tory milieu and CVD.[16] Adipokines are also thought to play a
role in the development of bone damage.[15,16] Concerning the
inflammatory contribution of T2D pathogenesis, different
reports have suggested that biologic DMARDs, commonly used
to treat RA patients, may be effective in improving the glucose
derangement.[17,18] However, although T2D and IR are
frequently observed in RA patients, the evidence deriving from
randomized clinical trials could not fully elucidate the effect of
study drugs on comorbidities.[19] Conversely, although usually
less complex, open-label observational studies could assess
additional clinical effects of drugs already licensed, not
randomizing to placebo patients affected by active disease.
On these bases, we aimed at investigating whether IL-1

inhibition is associated with an improvement of IR in RA patients
with comorbid T2D in a 6-month observational longitudinal
study. Furthermore, we studied the effects of this therapeutic
strategy on selected serum adipokines. Finally, an explorative
comparison was performed between these results with those
obtained in a matched RA cohort of patients treated by TNF
inhibitors (TNFis).

2. Materials and methods

2.1. Study design

This study was conceived as a 6-month longitudinal cohort study,
in which RA patients with comorbid T2D were consecutively
recruited among those undergoing treatment with anakinra
(ANA, ANA group) and age- and gender-matched RA patients
undergoing treatment with TNFis (TNFi group). Anakinra, a
human interleukin-1-receptor antagonist, was administered at
the dosage of 100mg by daily subcutaneous self-administration.
TNFis were administered according to the corresponding
datasheets. The local Ethics Committee (Comitato Etico Azienda
Sanitaria Locale 1 Avezzano/Sulmona/L’Aquila, L’Aquila, Italy)
approved the study protocol. All investigations were performed

according to the Good Clinical Practice (GCP) guidelines and
declaration of Helsinki. Written informed consent was obtained
from all patients before any study-related procedure. In our
observational study, we aimed at investigating possible addition-
al effects of ANA on IR in patients with active RA with comorbid
T2D, by using a “real life” design. In this specific case, we could
not design a placebo randomized controlled trial to avoid the
randomization to placebo of patients affected to active disease to
assess an additional effect of a well-known drug, thus avoiding
the benefitting of standard therapeutic strategy. Finally, we
followed STROBE recommendations in reporting the collected
data (Supplementary Material 1).

2.2. Setting

In this study, patients were selected among those attending the
Rheumatology Clinic of L’Aquila University between January
2011 and December 2016. Patients were followed up for 6
months and data were collected during scheduled visits. As
detailed in Figure 1, patients were assessed before and 3 and 6
months after starting treatment with ANA or TNFi, respectively.

2.3. Participants

Patients were considered eligible if fulfilled all the following
inclusion criteria:

(1) adult age (≥18 years);
(2) RA classified according to 2010 American College of

Rheumatology (ACR)/European League Against Rheuma-
tism (EULAR) and/or 1987 ACR criteria;

(3) diagnosis of T2D defined as a past diagnosis of T2D
performed by a physician after the onset of RA or current
treatment with antidiabetic medications (including oral
antidiabetic drugs and insulin) started after the onset of RA;

(4) eligible for treatment with biologic DMARD because of
moderate to severe disease activity despite treatment with
methotrexate or other synthetic DMARDs.

Dosage and route of administration of each medication were
performed according to manufacturer instructions and Interna-
tional Guidelines. Any change of anti-rheumatic therapeutic
strategy was not allowed. Concomitant anti-rheumatic therapies,
DMARDs, and corticosteroids (CCSs), at low dosage, were
maintained unaltered throughout the follow-up period. Low
dosage was defined as daily dosages� 7.5 and cumulative dosage
in previous 3 months<5mg prednisone equivalent daily.

Figure 1. Study design. A 6-month longitudinal cohort study was designed, in which RA patients with comorbid T2D were consecutively recruited among those
undergoing treatment with anakinra and age- and gender-matched RA patients undergoing treatment with TNFis.
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Similarly, antidiabetic treatment was maintained unaltered
during follow-up. It was not allowed to increase antidiabetic
drugs, unless an increase in glycated hemoglobin (A1c)> 1%was
demonstrated during the follow-up at laboratory evaluation and
the consequent exclusion from the study protocol. It was not
allowed to decrease antidiabetic drugs, unless a clinically relevant
hypoglycemia was demonstrated during the follow-up.

2.4. Outcomes

The major outcome of the study was the change in 1998-updated
version of the Homeostasis Model Assessment (HOMA2) of IR
HOMA2-IR after 6 months of treatment with ANA. We used
HOMA2-IR as measure of our major outcome because it is
considered the most reliable and cost-effective surrogate measure
in clinical settings to noninvasively assess IR from fasting state
values of glucose and insulin.[11] A number of additional
endpoints have been also assessed after 6 months of treatment
with ANA: RA disease activity, inflammatory markers, steady-
state beta cell function, fasting values of glucose (FPG), insulin, C-
peptide, glucagon, body mass index (BMI). An explorative
evaluation of the changing pattern of adipokines (adiponectin,
adipsin, leptin, and resistin) was also performed during the
follow-up. Finally, a preliminary and explorative comparison of
these parameters was performed between ANA- and TNFi-
treated patients.

2.5. Data sources

Relevant data were collected at baseline, including demographic
characteristics, RA and T2D features, and medications used and
after 3 and 6months. The BMIwas calculated at baseline and after
6 months of treatment according to the standard formula BMI=
weight (kg)/height (m)2. The Disease Activity Score including 28
joints (DAS28-ESR) was used to assess disease activity throughout
the study period, evaluating the number of swollen joints (SJC),
number of tender joints (TJC) and erythrocyte sedimentation rate
(ESR, mm/h). Functional status was evaluated using the Health
Assessment Questionnaire (HAQ).
Blood samples were obtained for laboratory evaluation after

overnight fasting at baseline and after 3 and 6 months of
treatment. Plasma glucose was measured with an automated
chemistry analyzer (Cobas 6000/Cobas e411, Roche Diagnos-
tics). ESRwas evaluated by capillary photometry (Test 1, Alifax).
A1c was measured by high-performance liquid chromatography
(ADAMS A1c, HA-8180, Arkray). High-sensitivity C-reactive
protein (CRP) was measured by immunonephelometry (Cardi-
oPhase hsCRP, Siemens HealthCare). Rheumatoid factor (RF)
was analyzed by nephelometry (BN II system, Siemens Health-
Care). Anticyclic citrullinated peptide antibodies (ACPA) were
analyzed with a chemiluminescent immunoassay (Zenit RA CCP,
Menarini Diagnostics). Plasma concentration of insulin and C-
peptide was determined by chemiluminescence test (Centaur,
Siemens HealthCare). Plasma glucagon concentration was
determined by Enzyme Immuno Assay (Human glucagon,
DRG Diagnostics).
The HOMA2 was used to calculate surrogate indexes of IR

(HOMA2-IR) and steady-state beta cell function (%B) from FPG
and C-peptide. C-peptide was used instead of fasting insulin in
order to avoid the interference of exogenous insulin in those
patients treated with insulin therapy. The calculations were
performed using a dedicated tool available online (https://www.
dtu.ox.ac.uk/homacalculator/).

Adipokines were measured using a bead-based multiplex flow
cytometry assay that allows the simultaneous quantification of
adiponectin, adipsin, leptin, and resistin in biologic samples
(BioLegend, LegenPlex Human Metabolic Panel 1). All measure-
ments were run in duplicates and analyzed using a proprietary
curve-fitting software (LegendPlex v7.0, VigeneTech).

2.6. Bias

As any observational study, our project could be subject to a
number of potential problems biasing the results. We tried to
minimize the main methodological problems by careful study
planning and assessment of patients. Biases in data collection
were addressed through extensive medical history of each patient
during the scheduled visits, by direct training of each involved
physician and continuous on-site record monitoring by the study
coordinator. In addition, we maintained unaltered the antidia-
betic therapy to minimize the possible biases due to change of
medications dosages (see section participants).

2.7. Sample size calculation

The major outcome of our study was the change in HOMA2-IR
after 6 months of treatment with ANA by designing an “one-
group before-after” study. To this purpose, we calculated a
sample size of at least 8 patients in order to detect a difference
between pre- and posttreatment values of at least 1 unit of change
in HOMA2-IR, according to data published in a recent study
investigating the effect of different biologic therapies on IR.[20]

Our study was specifically designed to evaluate a difference
between pre- and posttreatment of HOMA-IR of 1 unit after 6
months of treatment, not on estimated means [a (two-tailed):
0.05; b: 0.2; effect size: 1; S(D): 1]. For the purpose of this
calculation, the power was set at 80% and the confidence level at
95%. The sample size was subsequently adjusted at 10 patients to
account for possible drop-outs. Additionally, we further
increased the sample size at 15 patients for each group to
minimize the confounding effects of possible outliners due to the
low estimated sample size concerning the major outcome.

2.8. Statistical analysis

Data are expressed as mean± standard deviation, median
(interquartile range), or number (percentage) as appropriate.
The Student’s t-test was used to compare means for continuous
variables. The Fisher’s exact test was used to compare
proportions for dichotomic variables. Repeated measures
analysis of variance (ANOVA) was used to compare means
for continuous variables at different time points. All tests were
two-tailed. The Statistics Package for Social Sciences (SPSS for
Windows, version 17.0, SPSS Inc., Chicago, IL, USA) was used
for all analyses. Due to relatively simple design, single center
design, and extensive monitoring activities, we did not have
patients lost to follow-up and missing data to be addressed.

3. Results

3.1. Baseline characteristics and clinical response to RA
treatment

In this study, after a screening phase in which 205 patients were
evaluated, we recruited 15 patients undergoing ANA and 15 age-
and gender-matched patients undergoing TNFi, fulfilling the
prespecified inclusion criteria. The main reasons for exclusion
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were the presence of T2D before RA diagnosis and the treatment
with CCSs higher than the allowed dosage. Patients were
carefully followed and no drop-out has been observed during the
follow-up. In both groups, all recruited patients completed the
study. General characteristics of the study populations are
reported in Table 1. No significant difference was observed
comparing RA clinical baseline characteristics between ANA
group and TNFi group. Briefly, in ANA group, patients were
mostly females (73.33%), mean age of 65.8±9.6 years, mean RA
duration of 4.9±2.3 years, 80% displayed RF, and/or ACPA.
Similarly, in TNFi group, patients were mostly females (80%),
mean age of 67.6±10.5 years, mean RA duration of 4.7±3.5
years, 60% displayed RF and/or ACPA. All patients were treated
with methotrexate and 11 patients in both groups were treated
with low-dosage CCSs. As shown in Table 2, a significant
improvement of disease activity was observed in both groups
during the follow-up, all patients experienced a good EULAR
response and a significant improvement in DAS28-ESR, CRP,
and ESR.
Concerning safety, only minor adverse events were reported in

9 patients (5 in ANA group and 4 in TNFi group), not requiring
the discontinuation of the immunosuppressive drugs, during the
follow-up. Apart from urticarial lesions in ANA group in the
injection site, no difference in adverse events was observed and no
new safety signals were identified.

3.2. Glucose homeostasis assessment before and after
treatment

No significant difference was observed in baseline T2D
characteristics between ANA and TNFi group (Table 1). In
ANA group, patients showed T2D duration of 1.5±0.8 years,
FPG of 133.30±29.63mg/dL, A1c of 7.21±0.74. Similarly, in
TNFi group, patients showed T2D duration of 1.9±0.9 years,
FPG of 139.36±24.52mg/dL, A1c of 7.28±0.55. Moreover, no

Table 1

Baseline characteristics of the study population.

ANA (n=15) TNFi (n=15) P-value

Age (years) 65.8±9.6 67.6±10.5 .72
Female gender, n (%) 11 (73.33) 12 (80) .89
BMI (kg/m2) 27.9±4.1 29.1±2.8 .44
RA duration (years) 4.9±2.3 4.7±3.5 .69
T2D duration (years) 1.5±0.8 1.9±0.9 .46
ACPA +ve and/or RF +ve,

n (%)
12 (80) 11 (73.33) .89

DAS28-ESR 5.82±0.82 5.78±0.79 .78
Glucose (mg/dL) 133.30±29.63 139.36±24.52 .66
A1c (%) 7.21±0.74 7.28±0.55 .87
Insulin (mIU/L) 28.78 (8.0–41.0) 26.75 (10.36–38.52) .21
C-peptide (ng/mL) 4.21±1.01 4.11±1.71 .35
Glucagon (pg/mL) 514.50±342.21 439.26±386.96 .69
HOMA2-IR 3.45±0.89 3.08±0.98 .13
HOMA2-%b 120.1±31.56 110.16±24.05 .11
T2D treatment
Metformin, n (%) 12 (80) 12 (80) 1.00
Sulfonylureas, n (%) 1 (6.66) 2 (13.33) .94
Insulin, n (%) 2 (13.33) 1 (6.66) .94

RA treatment
MTX, n (%) 15 (100) 15 (100) 1.00
CCSs, n (%) 11 (73.33) 11 (73.33) 1.00
ANA, n (%) 15 (100) 0 (0) N/A
IFX, n (%) 0 (0) 1 (6.66) N/A
ADA, n (%) 0 (0) 5 (33.33) N/A
ETN, n (%) 0 (0) 4 (26.66) N/A
GOL, n (%) 0 (0) 2 (13.33) N/A
CZP, n (%) 0 (0) 3 (20) N/A

%b=estimated steady state b cell function, ACPA= anticyclic citrullinated peptide antibodies,
ADA= adalimumab, ANA= anakinra, BMI=body mass index, CCS=corticosteroids, CZP=
certolizumab pegol, DAS28=disease activity score including 28 joints, ESR= erythrocyte
sedimentation rate, ETN= etanercept, GOL=golimumab, HOMA2=homeostasis model assessment,
IFX= infliximab, IR= insulin resistance, MTX=methotrexate, N/A=not applicable, RA= rheumatoid
arthritis, RF= rheumatoid factor, T2D= type 2 diabetes, TNFi=TNF inhibitors.

Table 2

Inflammatory and metabolic characteristics at different time points during follow-up.

ANA (n=15) TNFi (n=15)

T0 T3 T6 T0 T3 T6

BMI (kg/m2) 27.89±4.12 – 27.90±3.97 29.14±2.83 – 29.17±2.84
CRP (mg/L) 13.34±8.42 1.78±1.63

∗
1.85±2.33# 10.12±9.67 3.75±2.76

∗
4.02±2.30#

ESR (mm/h) 36.50±18.42 7.10±7.08
∗

7.50±4.14# 25.30±13.08 20.70±17.58 23.40±15.18
DAS28-ESR 5.82±0.82 2.53±1.57

∗
2.35±1.02# 5.78±0.79 2.88±1.17

∗
2.85±1.20#

Glucose (mg/dL) 133.30±29.63 101.11±21.35
∗

103.42±25.53# 139.36±24.52 131.71±20.44 143.08±47.19
Insulin (mIU/mLx) 28.78 (8.0–41.0) 22.0 (18.75–39) 19.50 (11.59–25.75)# 26.75 (10.36–38.52) 24.20 (10.36–38.54) 25.56 (13.80–37.46)
C-peptide (ng/mL) 4.21±1.13 3.90±1.43 3.20±1.25 4.31±1.17 4.00±1.20 4.62±1.05
Glucagon (pg/mL) 514.50±342.21 263.77±205.81

∗
255.12±217.42# 439.26±386.96 681.38±597.1 737.79±712.52

HOMA2-IR 3.45±0.91 2.92±0.98 2.43±0.89# 3.08±0.98 2.89±1.00 3.12±1.18
HOMA2-%b 120.10±31.56 183.20±44.25

∗
144.71±23.98# 110.16±24.05 119.11±35.15 112.39±36.34

D HOMA2-IRT0–T6 – – –1.02±0.21^ – – 0.04±0.89
D HOMA2-%b T0–T6 – – 24.61±16.15 – – 2.23±12.04

ANA (n=10) TNFi (n=10)

Adiponectin (ng/mL) 10207.71±6513.32 12811.34±6864.95 12489.52±7188,21 12754.23±9558.54 12720.76±8802.39 13041.09±5631.60
Adipsin (ng/mL) 2812.00±3046.07 1291.46±1218.32 955.50±508.97# 963.29±339.29 1321.83±894.86 2281.55±2162.52
Leptin (ng/mL) 43.52±36.05 48.63±37.48 59.33±56.21 21.37±5.70 34.04±27.20 42.72±28.44#

Resistin (ng/mL) 21.10±4.30 17.42±3.56 16.13±4.74# 15.50±3.07 17.05±4.03 22.01±2.16#

%b=estimated steady state b cell function, ANA= anakinra, BMI=body mass index, CRP=C-reactive protein, DAS28=disease activity score including 28 joints, ESR= erythrocyte sedimentation rate,
HOMA2=homeostasis model assessment, IR= insulin resistance, TNFi=TNF inhibitors.
x Insulin levels were analyzed excluding patients treated with exogenous insulin.
∗
P< .05 vs T0

# P< .05 vs T0.
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significant difference was observed for BMI, insulin, C-peptide,
glucagon, HOMA2-IR, and HOMA2-%b. In ANA group, a
significant improvement in HOMA2-IR after 6 months (T0: 3.45
±0.91 vs T6: 2.43±0.89, P< .05) as well as in HOMA2-%b
after 6 months (T0: 120.10±31.56 vs T6: 144.71±23.98,
P< .05) was demonstrated comparing these values with baseline.
These results are summarized in Figure 2. Analyzing DHOMA2-
IR0–6 (difference in HOMA2-IR between baseline and 6 months)
in the two groups, a significant improvement was detected in
ANA group when compared with TNFi group (ANA group:
�1.02±0.21 vs TNFi group: 0.04±0.89, P< .05). In addition,
after ANA treatment, a significant reduction of FPG was
observed after 6 months compared with baseline values (T0
133.30±29.63mg/dL vs T6: 103.42±25.53mg/dL, P< .05). A
significant reduction of insulin was observed after 6 months of
treatment with ANA compared with baseline values [T0: 28.5
(8.0–41.0) mIU/mL vs T6: 19.50 (11.59–25.75) mIU/mL,
P< .05]. Similarly, glucagon values significantly decreased after
6 months of ANA treatment (T0: 514.50±342.21pg/mL vs T6:
255.12±217.42pg/mL, P< .05). Despite the improvement of
glycemic parameters, our patients did not report hypoglycemias.
No patient required a change in antidiabetic therapy according to
the prespecified criteria of an increase in A1c > 1% during the
follow-up. Conversely, in TNFi-treated patients, no significant
difference was observed in any of the evaluated metabolic
parameters during the follow-up.

3.3. Adipokines assessment before and after treatment

In this study, we evaluated serum levels of selected adipokines
(adiponectin, adipsin, leptin, and resistin), before and after
treatment in both groups. This explorative evaluation of
adipokines was performed in 10 patients for each group, due
to the availability of biologic samples in these patients. After
ANA treatment, adipsin values significantly reduced compared
with baseline, after 6 months (T0: 2812.00±3046.07ng/mL vs
T6: 955.50±508.97ng/mL, P< .05). Similarly, resistin values
significantly reduced compared with baseline, after 6months (T0:
21.10±4.30ng/mL vs T6: 16.13±4.74ng/mL, P< .05). In ANA
group, no difference was recognized analyzing adiponectin and
leptin. Conversely, in TNFi group, leptin values significantly
increased compared with baseline, after 6 months (T0: 21.37±
5.70ng/mL vs T6: 42.72±28.44ng/mL, P< .05). Similarly, in
TNFi group, resistin values significantly increased after 6 months
(T0: 15.50±3.07ng/mL vs T6: 22.01±2.16ng/mL, P< .05). No
difference was found analyzing adiponectin and adipsin in TNFi
group, during the follow-up. These results are summarized in
Figure 3.

4. Discussion

Rheumatoid arthritis is a chronic inflammatory disease charac-
terized by an increased incidence and prevalence of T2D that, in
turn, may further increase the overall CVD risk of these

Figure 2. Glucose homeostasis assessment before and after treatment. Different parameters assessing glucose homeostasis before and after treatment with
anakinra (ANA) and tumor necrosis inhibitor (TNFi) are reported. (A) HOMA2-IR, homeostasis model assessment – insulin resistance; (B) HOMA2-%BETA,
homeostasis model assessment – estimated steady-state b cell function; (C) glucagon.
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patients.[21,22] The optimal management of both inflammatory
disease and metabolic comorbidity may lead to a beneficial
impact on CVD and on management of these patients.[23,24]

Insulin resistance is a key pathophysiological process leading to
the development and progression of T2D and we observed that
the IL-1 blocking agent improved IR in RA patients with
comorbid T2D. Conversely, we did not observe a similar effect in
a matched population treated with TNFis. A significant effect of
ANA on the same outcome has been previously reported in
patients with T1D, although this was not confirmed in
nondiabetic individuals with IR.[25,26] Such a discrepancy may
be mainly attributed to the differential contribution of pro-
inflammatory mediators to the pathogenesis of IR in distinct
populations, possibly unbalanced toward IL-1 in RA, suggesting
possible therapeutic targets.[17,27] With specific reference to
TNFis, our data apparently are in contrast with what suggested
by recent meta-analyses of observational studies.[28,29] Unfortu-
nately, the results of these meta-analysis need to be cautiously
interpreted due to the high heterogeneity and the presence of
established diabetes in exclusion criteria in some of included
studies.[28,29] In this context, although we have patients in a
relative early stage of diabetes and further studies are surely
needed, it is possible to hypothesize a differential role of TNF and
IL-1 in RA-associated T2D, the former contributing more to the
subclinical phase of IR, the latter taking over in a later phase,
when glucose abnormalities are already clinically evident in
established T2D.[13,14,27,30] In addition, the IL-1 blocking agent
ameliorated the pancreatic homeostasis, as demonstrated by the
improvement in functions of beta-cells and alpha-cells. The

improvement in insulin sensitivity and the restored pancreatic
regulation may result in a positive synergy, leading to an overall
reduction of the glycemic burden. In this context, it has been
shown that TNF produced by adipose tissue cells of obese murine
models provided the evidence of tissue inflammation in the
pathogenesis of IR and T2D.[31] Despite these observations,
subsequent experimental and clinical studies using TNFi did not
point out beneficial effects on T2D.[32–35] However, studies
conducted on obese individuals and patients with RA without
T2D showed that TNFi could improve IR.[36–38] As far as IL-1b is
concerned, high levels of glucose are able to induce both IL-1b
production and the expression of the pro-apoptotic receptor FAS
on beta-cells.[39] On these bases, IL-1b and FAS were proposed to
be pathogenic mediators in glucose-induced impairment of beta-
cells secretory function and apoptosis, via a possible vicious
cycle.[40–42] Of note, a clinical trial and its extension pointed out a
beneficial role of IL-1 blockade on patients with T2D, reducing
A1c and improving the associated metabolic derangement.[43,44]

Concerning the role of further inflammatory mediators in T2D,
recently, the role of IL-6 has been also proposed.[45] In fact, IL-6 is
overexpressed in IR and impairs insulin action in liver and
adipose tissue.[45] The involvement of IL-6 in regulation of
hepatic insulin sensitivity is highlighted by neutralizing IL-6,
which showed the subsequent enhancement of hepatic insulin
sensitivity.[46,47] By contrast, it has been shown that the acute IL-
6 exposure could be able to stimulate glucose transport in
adipocytes.[48,49] These data could suggest a possible therapeutic
strategy in improving insulin sensitivity by using of IL-6 blocking
agents.[50]

Figure 3. Adipokines assessment before and after treatment. Selected adipokines are reported before and after treatment with anakinra (ANA) and tumor necrosis
inhibitor (TNFi). (A) adiponectin; (B) adipsin; (C) leptin; (D) resistin.
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In our study, we evaluated the effects of IL-1 blocking agent
and TNFi on serum adipokines, given their well-established
association with metabolic disturbances, CVD risk, and pro-
inflammatory effects in the joints.[51,52] To this purpose, we
evaluated serum levels of adiponectin, adipsin, leptin and resistin
before and after treatment in both groups. Following adminis-
tration of ANA, a significant reduction of adipsin values was
observed after 6 months; differently, no change was detected in
TNFi-treated patients. Adipsin is one of the major proteins
synthesized by adipocytes and human studies showed increased
levels of this adipokine during obesity and its contribution to the
development of IR as well as of CVD.[53,54] In contrast, an animal
model reported a protective role of adipsin on beta-cells function,
suggesting that further studies are needed to entirely clarify this
issue.[55] In ANA group, we also observed a significant reduction
in resistin values, opposed to a significant increase in TNFi-
treated patients. The major source of resistin in humans is not-
adipocyte resident inflammatory cells in adipose tissue, mainly
macrophages.[56,57] Increased resistin levels affected both glucose
metabolism and fatty acids uptake leading to IR and CVD.[58,59]

In addition, we observed higher levels of leptin in TNFi treated
patients, but not in ANA group. Leptin is mainly produced by
adipocytes and is involved in energy metabolism and body fat
stores.[60] Furthermore, leptin was found to mediate the secretion
and peripheral tissue sensitivity of insulin correlating with
HOMA-IR in both obese and T2D patients and predicting
CVD.[60,61] Finally, we evaluated adiponectin levels, which
remained unchanged in both groups. Adiponectin is mainly
synthesized by adipose tissue and its levels are inversely related to
obesity and IR, increasing with weight loss and with the use of
insulin-sensitizing medications.[62] Its secretion is inhibited by
pro-inflammatory cytokines, suggesting that inflammation may
be an important factor contributing to hypoadiponectinemia that
is observed in IR and obesity.[63,64] Taking together these results,
a favorable shift of the adipokines profile in ANA-treated patients
may be observed suggesting a predominant pathogenic role of IL-
1b in RA-associated metabolic dysregulation and a possible
therapeutic strategy readily transferable in the clinical prac-
tice.[13,14,27,65]

Finally, in our study, we observed a good clinical response
concerning RA in both groups of patients. In fact, the rheumatoid
pathogenic cascade includes overproduction and overexpression
of both TNF and IL-1b, leading to synovial inflammation as well
as joint destruction.[66,67] The overproduction of these cytokines
has several causes, including interactions between T and B
lymphocytes, synovial-like fibroblasts, and macrophages, with
the final result of a chronic inflammatory process.[67,68]

Despite providing novel data supporting a potential role of IL-1
in RA patients affected by T2D and trying to avoid any possible
bias deriving from the study design, our observational study may
have some limitations. Although itwas primarily designed to reach
a statistical significance inmajor outcome (the change inHOMA2-
IR after 6 months of treatment with ANA), the additional
outcomes such as the comparative analysis versus TNFis, and
adipokines evaluation need additional confirmatory studies.
Furthermore, despite observational and/or small cohort studies
may overestimate results observed in randomized trials, it must be
pointed out that sometimes it could be hardly conceivable to
address some specific points in randomized clinical trials, due to the
specific clinical design of the latter. In addition, small studies may
address some unmet needs in the management of rheumatic
patients, not completely addressed by larger randomized trials.[69–
72] Finally, considering the economic burden, a more rational and

balanced use of the available resources suggests to test new
biomarkers and research hypotheses in small cohorts of patients,
thus designing a “hypothesis-generating” study before organizing
larger confirmatory studies.[69–74]

In conclusion, our data may suggest a beneficial effect of IL-1
inhibition on different measures of metabolic derangement in
RA-associated T2D. If furtherly confirmed, by larger studies with
stronger metabolic outcomes, IL-1 targeting therapies may
represent a tailored approach in RA patients with comorbid
T2D. In this context, the results of an ongoing clinical trial
(TRACK study, NCT02236481, www.clinicaltrial.gov), evalu-
ating the reduction of A1c in ANA-treated RA patients affected
by T2D, are awaited to entirely clarify these issues and to improve
the management of these patients.
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