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Abstract Some evidences suggest that obesity impairs the
effectiveness of TNF inhibitors. We examined the impact of
body mass index (BMI) on the clinical effectiveness of
abatacept in rheumatoid arthritis (RA) patients. This is a
pooled analysis of 10 prospective cohorts of RA patients.
All patients with available BMI were included in this study.
The primary endpoint was drug retention of abatacept in the
different BMI categories. Multivariable Cox regression was
used to estimate hazard ratios (HRs) for drug discontinuation.
A secondary endpoint was EULAR/LUNDEX response rates
at 6/12 months. Of the 2015 RA patients initiating therapy
with IV abatacept, 380 (18.9%) were classified as obese.
Obese patients had more functional disability, and were less
often RF positive. The median abatacept retention time was
1.91 years for obese RA patients compared to 2.12 years for

non-obese patients (p = 0.15). The risk of abatacept discontin-
uation was not significantly different for overweight (HR 1.03
(95% CI 0.89–1.19)), or for obese (HR 1.08 (95% CI 0.89–
1.30)) compared to normal-weight patients. Rheumatoid fac-
tor positivity reduced the risk of abatacept discontinuation
(HR 0.83 (95% CI 0.72–0.95)), while previous biologic ther-
apy was positively associated with drug interruption (HRs
increasing from 1.68 to 2.16 with the line of treatments).
Obese and non-obese patients attained similar rates of
EULAR/LUNDEX clinical response at 6/12 months. Drug
retention and clinical response rates to abatacept do not seem
to be decreased by obesity in RA patients.
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Introduction

A growing body of research suggests a strong associa-
tion between body mass index (BMI) and development
of rheumatoid arthritis (RA). Recently, a large prospec-
tive analysis of US nurses found that obesity increased
the risk of developing RA by 40–70% depending on
age and serological status [1]. Obesity has been reported
to be associated with the risk of developing RA, partic-
ularly among women diagnosed with RA at earlier ages
[1], with higher disease activity in early RA patients
[2], and with worse function in early arthritis [3–6].
However, the pathogenic link between obesity and RA
is not fully understood and, to some extent, controver-
sial [7]. For example, a recent study reported a negative
association between obesity and RA in men [8].

Obesity is nowadays regarded as the cause of mild
inflammation associated with an overexpression of pro-
inflammatory cytokines and adipokines produced by ad-
ipocytes predominately in the visceral fat [9]. Adipose
tissue synthetizes an array of adipokines, such as leptin,
visfatin, resistin, chemerin, and adiponectin which have
direct effects on cartilage, bone, and synovial tissues me-
tabolism [9, 10]. Comorbid obesity has also been associ-
ated with a decreased probability of joint damage pro-
gression in anti-citrullinated peptide antibody (ACPA-)
positive RA patients [3–5]. This paradox has been ex-
plained by an unbalanced ratio of leptin/adiponectin in
obese subjects. Adiponectin has a negative effect on
bone metabolism mediated by the activation of osteo-
clasts, and its decrease in obesity may explain the less
erosive course in RA patients with high BMI [11].
Obesity may also impact the response to anti-rheumatic
treatments. Prospective trials and observational studies
have provided evidence that RA patients with higher
BMI tend to have less favourable responses to conven-
t ional d isease modi fy ing ant i - rheumat ic drugs
(DMARDs), as well as to anti-tumour necrosis factor
(anti-TNF) agents [12–17]. Recently, a cohort study has
shown that high BMI also impacts the clinical response
to a second biological DMARD (bDMARD), mainly ri-
tuximab, in RA patients with inadequate response to a
first anti-TNF drug [18]. Abatacept, a CTLA4-IgG fusion
protein that inhibits T cell activation by blocking
CD28/CD80 co-stimulation, has never been specifically
evaluated in RA patients with high BMI. The aim of this
article was to examine the impact of obesity on the ef-
fectiveness of abatacept in the real-world setting.
Furthermore, we intended a priori to compare our results
with another observational study, the ACTION study
[19], and to aggregate key results, in order to examine
the impact of obesity in a larger population of RA pa-
tients on abatacept and increase our statistical power.

Patients and methods

The Bpan-European registry collaboration for abatacept^
(PANABA) is a collaborative project involving 10 national
RA registries from Europe (Czech Republic, Denmark,
France, I taly, Norway, Portugal , Spain, Sweden,
Switzerland), and from Canada with longitudinal data of RA
patients initiating abatacept treatment in routine settings [20].
These registries have been described in detail elsewhere and a
detailed discussion of their enrolment strategies, similarities,
and differences is beyond the scope of this paper [21]. Ethical
approval was obtained for all the registries, and patients were
recruited after giving their written informed consent in accor-
dance with the Declaration of Helsinki, except in Denmark
where registry research does not require ethical approval or
informed consent. Abatacept was administered intravenously
in the time frame of this analysis, following the indications of
drug approval, 500 mg < 60 kg body weight, 750 mg
>60 < 100 kg body weight, and 1000 mg >100 kg body
weight.

At initiation of abatacept (baseline visit), data to be record-
ed were the following: age, gender, weight, height, disease
duration, concomitant use of disease modifying anti-
rheumatic drugs (DMARDs), health assessment questionnaire
(HAQ) score, and Disease Activity Score in 28 joints
(DAS28). During follow-up, either at predetermined or at
open time-points after abatacept initiation, registries further
provided information on subsequent DAS28 scores, co-
medication with DMARDs, and abatacept maintenance or
discontinuation.

The predictor of interest for this analysis was BMI at
abatacept initiation. Weight and height at baseline were either
self-reported or assessed by the treating physician, and BMI
was calculated as weight in kilogrammes divided by the
square of height in metres (kg/m2). However, baseline BMI
was available only for 34.3% of RA patients in the whole
cohort, as height was not collected systematically in all regis-
tries. According to the WHO classification of BMI classes,
patients were classified into underweight/normal-weight
(BMI <25.0 kg/m2), overweight (25.0 kg/m2 ≤ BMI <30 kg/
m2), obese (30.0 kg/m2 ≤BMI <35 kg/m2), and severely obese
(BMI ≥35.0 kg/m2). As underweight subjects were very few
(n = 31), they were grouped with normal weight patients. The
primary outcome for this analysis was abatacept drug reten-
tion. A secondary endpoint was the achievement of EULAR
moderate/good clinical response [22], as crude value and ad-
justed for drug retention (Lundex index). The Lundex is cal-
culated as the fraction of patients adhering to therapy multi-
plied by the fraction of patients achieving the EULAR
moderate/good response [23] at 6 and 12 months.

The ACTION (AbataCepT In rOutiNe clinical practice)
study is a 2-year prospective, multicentre, observational co-
hort study initiated by a pharmaceutical company (BMS) that
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enrolled patients with RA in Europe and Canada to evaluate
the tolerance and the effectiveness of abatacept therapy in
routine clinical practice [19].

Statistical analysis

We analysed patient demographics and disease characteristics
at treatment initiation using standard descriptive statistics.
Patients lost to follow up, or patients who stopped therapy
due to reasons deemed unrelated to abatacept (pregnancy, re-
location or other) were right censored. Time to discontinuation
was defined as the time between abatacept initiation and last
administration plus 1 month (dispensation interval). We com-
puted abatacept drug retention rate using Kaplan–Meyer (K–
M) estimator and compared differences across BMI classes
using the log-rank test. We estimated HRs for each BMI cat-
egory by performing a multivariate Cox regression, adjusting
for patient demographics (age, gender), disease characteristics
(rheumatoid factor (RF) (pos/neg), DAS28 at baseline, disease
duration), and treatment characteristics (number of prior
bDMARDs, calendar year of abatacept initiation). To evaluate
rates ofmoderate/goodEULAR responders at 6 and 12months
visit, a time-window ± 1.5 month around visit was used. To
compute 95% confidence intervals (95% CI), we used boot-
strap distributions. To improve the precision of the confidence
interval estimation around the HRs, we pooled the HRs ob-
tained in this study with the HRs obtained in the ACTION
study [24], performing a meta-analysis with inverse variance
method.

Results

PANABA data Of the 2015 RA patients with available BMI,
380 (18.9%) were obese with a BMI ≥ 30. At baseline, disease
activity, according to DAS28, was not significantly different
among the BMI classes, and the number of biological drugs
prior to abatacept therapy was also similar. In contrast, obese
patients had higher disability as measured by the HAQ,
shorter disease duration, and were less often RF positive
(Table 1).

We found no statistically significant difference in abatacept
drug retention across BMI classes (log rank test, p = 0.79,
Fig. 1). Median survival time was 2.12 years for under-
weight/normal-weight, 2.12 years for overweight, 1.91 years
for obese, and 2.44 years for severely obese patients. The
survival rates at 2 years for treatment interruption due to any
reason were 52.8% (95%CI, 49.4%–56.5%), 51.8% (95%CI,
47.4%–56.6%), 48.3% (95% CI, 41.9%–55.6%), and 55.2%
(95% CI, 45.6%–66.3%), for RA patients with under/normal-
weight, overweight, obesity, and severe obesity RA.
Furthermore, we detected no significant differences when

focusing only on abatacept discontinuation for ineffectiveness
(log rank test, p = 0.36, Fig. 2) or for adverse events (log rank
test, p = 0.28). As PANABA is a combination of national
registries, we assessed a possible country effect of BMI on
drug retention, but a significant difference across registries
was found (p = 0.34). In the multivariable adjusted analysis,
higher BMI categories were also not associated with increased
HRs to discontinue abatacept treatment. Specific disease char-
acteristics were associated with abatacept retention (Table 2).
RF positive patients were less likely to stop abatacept, while
higher DAS28 at baseline and number of past bDMARD fail-
ures were associated with higher risk of drug discontinuation.

Response to therapy was assessed by EULAR and Lundex-
adjusted clinical responses rates at 6 and 12 months. The
moderate or good EULAR response rates were similar across
BMI categories at 6 months (p = 0.74) and at 12 months
(p = 0.49) (Fig. 3). At 6 months, the Lundex (EULAR re-
sponse adjusted for drug retention) moderate or good response
was 39.8% for underweight/normal-weight patients, 42.9%
for overweight patients (Lundex difference normal-over-
weight = 3.1%, 95% CI: [−0.3; 0.10]), 40.0% for obese pa-
tients (Lundex difference normal-obesity = 0.20%, 95% CI:
[−0.08; 0.08]), and 49.4% for severely obese patients (Lundex
difference normal-severe = 9.6%, 95% CI: [−0.04; 0.23]). The
pattern of results was similar at 12 months, the Lundex mod-
erate or good EULAR response was 37.3, 41.1, 37.7, and
51.3% for underweight/normal-weight, obese, and severely
obese patients, respectively.

ACTION data Similar results have been also reported in
abstract form in a recent sub-analysis of the ACTION study
[24]. They investigated 936 RA patients, including 253 obese
or severe obese patients, starting intravenously abatacept after
failure of at least one anti-TNF. The drug survival rates at
2 years were similar to our study without significant differ-
ences among BMI classes (underweight/normal weight
53.8%, overweight 57.4%, obese 50.5%, severe obese
53.2%). To increase the statistical power and the precision of
our results, we combined estimates from the PANABA col-
laboration and the ACTION study. In this large population
including a total of 2951 patients (633 with obesity and 198
with severe obesity), BMI did not significantly influence the
persistence on abatacept therapy (Table 3).

Discussion

We analysed data of 2015 RA patients (380 with obesity)
treated with abatacept from 10 large worldwide cohorts and
found no evidence that obese or severe obese patients had
lower drug retention on abatacept than normal-weight pa-
tients. Treatment interruption for ineffectiveness was not in-
creased in obese patients, suggesting that abatacept is effective
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in controlling disease activity regardless of BMI. In the ad-
justed model, drug discontinuation remained unassociated
with BMI categories. However, as expected, the number of
past biologics was significantly associated with drug discon-
tinuation. Number of past biologics showed a monotonic in-
crease in HR, so that the greater the number of past biologics
failure, the higher the hazard of discontinuing abatacept, prob-
ably reflecting a progressive patient selection. Of note, RF
positive patients were significantly less likely to stop
abatacept (estimated risk reduction 17%), as previously re-
ported for abatacep [25], and also for rituximab [26].

Combining HRs of abatacept discontinuation from ACTION
and PANABA to increase the statistical power, we confirmed
that obesity and severe obesity did not negatively impact the
persistence of abatacept treatment.

Previous studies have consistently demonstrated that high
BMI negatively affects the clinical response to anti-TNF drugs
in RA patients, namely to adalimumab, etanercept, and
infliximab [13, 15]. Klaasen et al. [15], have prospectively
studied 15 obese patients with RA receiving infliximab, and
found a good EULAR response at 16 weeks significantly low-
er in obese than in normal-weight/underweight patients.

Table 1 Baseline demographics
and clinical data of rheumatoid
arthritis (RA) patients (n. 2015)
subdivided by body mass index
(BMI) categories in the PANABA
cohort

BMI Class (kg/m2) Under- or normal-weight

<25.0

Overweight

25.0–<30.0

Obese

30.0–<35.0

Severe obese

≥35.0
p value

n (%) 1014 (50.3%) 621 (30.8%) 267 (13.3%) 113 (5.6%) –

Total follow-up
(patient-years)

1723.7 1019.0 439.6 226.6 –

Age (years) 55.4 ± 14.1 57.9 ± 12.6 58.4 ± 11.0 54.5 ± 10.8 <0.001

Female, n(%) 877 (86.5%) 442 (71.2%) 213 (79.8%) 96 (85.0%) 0.001

Ever smoker, n(%) 253 (25.9%) 159 (27.5%) 53 (21.5%) 30 (28.0%) 0.33

RF positivity, n(%) 677 (73.2%) 411 (72.6%) 173 (68.7%) 62 (59.0%) 0.01

Dis Duration (years) 11.6 ± 9.5 10.4 ± 8.9 9.7 ± 8.1 9.1 ± 8.2 <0.001

DAS28 4.5 ± 1.5 4.7 ± 1.4 4.6 ± 1.4 4.9 ± 1.4 0.19

HAQ 1.2 ± 0.7 1.3 ± 0.7 1.4 ± 0.7 1.5 ± 0.8 0.002

N. past bDMARDs,
med (IQR)

1 [0–2] 1 [0–2] 1 [0–2] 1 [0–1] 0.20

Values are means ± standard deviation and median (interquartile range), unless otherwise noted

P values were obtained by Kruskal–Wallis analysis of variance procedure for continuous variables and chi-square
for categorical variables

RF rheumatoid factor,DAS28 disease activity score in 28 joints,HAQ health assessment questionnaire, bDMARD
biologic disease modifying anti-rheumatic drug

Fig. 2 Kaplan-Meier survival analysis of abatacept for treatment
interruption because of inefficacy by body mass index (BMI) categories
in the PANABA cohort

Fig. 1 Overall Kaplan–Meier survival analysis of abatacept by body
mass index category (BMI) in the PANABA cohort
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Gremese et al. [13] have shown that 66 RA patients with
obesity achieved less frequently DAS28-steered remission
than normal-weight patients following anti-TNF treatment at
12 months. More recently, it has been shown that 66 obese
patients on first ever TNF blocker had a median drug survival
time (48 months) shorter than normal-weight patients
(60 months), and that the HR to discontinue the therapy was
50% higher in obese than normal-weight patients [18].
Additionally, an impaired clinical response to conventional
DMARDs in obese RA patients has been also reported [12,
14, 17], suggesting that RA in these patients is peculiar and
intrinsically poorly responsive to treatments.

A clinically important question is thus whether biological
drugs other than anti-TNF can be effective in obese RA pa-
tients. This was the aim of a recent study [18] showing that 24
obese RA patients starting non-anti-TNF drugs (mainly ritux-
imab), after failure of a first TNF inhibitor, still had a poor
clinical response. On the contrary, EULAR based clinical re-
sponses were not impaired at 6 months in 35 RA obese pa-
tients on treatment with rituximab [27]. Furthermore, two re-
cent retrospective analyses have suggested that rate of
EULAR clinical response to tocilizumab in RA patients was
not influenced by high BMI [28, 29]. However, available
studies have small sample sizes and limited follow-up, and
therefore additional data are needed to confirm these prelim-
inary findings.

Additionally, we have shown that rates of RA patients
attaining a moderate/good EULAR/LUNDEX response at 6
and 12 months were similar across BMI categories, further
confirming that obesity does not seem to influence abatacept
effectiveness. It could be argued that joint assessment may be
difficult in obese RA patients, thus affecting the evaluation of
clinical response, but, in the APPRAISE study, a prospective
multinational study using power Doppler ultrasonography
(PDUS) to assess early signs of response to abatacept,
PDUS scores did also not significantly differ at 6 months
among BMI categories [30]. Recently, similar findings have
been reported in a small cohort of RA patients, and no differ-
ence in EULAR good response across BMI categories (39
obese) after 6 months of treatment with ABAwas found [31].

The reason why abatacept does not seem to be impacted by
obesity, unlike TNF inhibitors, is unclear and can currently be
only a matter of speculations. It can be argued that in our study
IV administration per body weight of abatacept may have
nullified difference among BMI categories, but infliximab,
despite weight-adjusted dosing, is less effective in obese

Table 2 Analysis of predictors of
abatacept discontinuation for any
reason by multiple Cox-
regression in the PANABA
cohort. The model was adjusted
for calendar year of abatacept
initiation

Covariates Hazard ratio 95% Confidence intervals p value

BMI Normal-weight 1 – –

Overweight 1.03 0.89; 1.19 0.71

Obesity 1.08 0.89; 1.30 0.43

Severe obesity 0.93 0.72; 1.19 0.55

Female sex 1.09 0.92; 1.30 0.33

RF positivity 0.83 0.72; 0.95 0.008

Dis duration (per year) 1.00 1.00; 1.00 0.10

DAS28 1.09 1.04; 1.14 0.001

Age (per year) 1.00 0.99; 1.00 0.70

Past biologic 0 1 – –

1 1.68 1.34; 2.12 <0.001

2 1.83 1.43; 2.33 <0.001

3 1.86 1.37; 2.51 <0.001

≥4 2.16 1.49; 3.12 <0.001

BMI body mass index, RF rheumatoid factor, DAS28 disease activity score in 28 joints

Fig. 3 Percentages of RA patients on abatacept attaining a moderate or
good EULAR response at 6 and 12 months by body mass index (BMI)
categories in the PANABA cohort
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patients [15]. Difference in pharmacokinetics could be taken
into account. Indeed, dose-finding studies on sc abatacept
have shown that Cminss values were similar in both weight-
tiered and flat dosing across BMI categories. For IVabatacept,
the standard weight-tiered regimen enables >90% of patients
to achieve therapeutic Cminss exposures even at the highest
body mass. Elimination of abatacept from the systemic circu-
lation follows first order kinetics regardless of the route of
administration. The absorption kinetics for IV administration
occu r s th rough a ze ro o rde r p roces s [32 , 33] .
Pharmacokinetics data for other current bDMARDs, includ-
ing anti-TNF drugs, in obese RA patients are lacking. Possible
difference in drug compartment distribution based on the li-
pophilic property of the drug may be only matter of specula-
tion at the moment. Maybe an explanation should be searched
in the visceral fat milieu that might generate a state of resis-
tance or neutralization of TNF blocking agents, without affect-
ing the inhibition of dual signalling, CD3/TCR-CD28/CD80,
by abatacept. Data on other non-TNF bDMARDs are less
extensive and need further investigations. Furthermore, BMI
is a rather crude indicator of metabolic status, and investiga-
tions using other measures may shed light on the relation
between body fat and response to bDMARDs.

Some strengths and limitations of our study must be em-
phasized. PANABA is a collaborative study of several RA
registries across Europe and North America, and country dif-
ferences in RA patients and rheumatologist behaviour are con-
ceivable. We tested for effect modification by country and
have not found any indication that obesity affected abatacept
retention differently in specific countries. BMI was available
in only 34% of all patients; however, BMI data were missing
at random and this information should not be related to the
outcome, and thus not cause bias. The ACTION study had a
different setting, as a sponsor-initiated observational study and
found similar results, supporting the generalizability of our
findings. However, in both studies, almost all RA patients

were not responders to previous anti-TNF drugs, thus, infor-
mation on obese patients naïve to biologics is still missing,
and further analysis with abatacept as first bDMARD should
be considered. Of note, preliminary findings from a recent
sub-analysis of ACTION have shown that short-term
(6 months) drug retention of abatacept was not influenced
by BMI in biologic naïve patients [34]. The main strength of
this study is to analyse a very large prospective cohort of RA
patients with BMI (over 2000), evaluating the greatest number
of obese, and even severe obese, subjects.

As current treatment guidelines suggest that comorbidities
should be taken into account in therapeutic decision making
[35], the availability of bDMARDs that are not affected by
BMI may aid clinicians in their strategy of treatment of RA
patients with obesity. This analysis of real-world RA patients
demonstrates that IVabatacept maintenance and effectiveness
were not negatively influenced by obesity, which is a clinical-
ly useful information for some patients.
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