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ABSTRACT
Objective  Tofacitinib is an oral Janus kinase for the 
treatment of rheumatoid arthritis (RA). This post hoc 
analysis assessed whether baseline body mass index (BMI) 
impacts tofacitinib efficacy in patients with RA.
Methods  Pooled data from six phase 3 studies in 
patients receiving tofacitinib 5 mg (N=1589) or 10 mg 
(N=1611) twice daily or placebo (advancing to active 
treatment at months 3 or 6; N=680), ±conventional 
synthetic disease-modifying antirheumatic drugs, were 
stratified by baseline BMI (<25, 25 to <30, ≥30 kg/
m2). Endpoints (through to month 6) were assessed 
descriptively: American College of Rheumatology 
20/50/70 response rates; changes from baseline (∆) 
in Disease Activity Score in 28 joints, erythrocyte 
sedimentation rate (DAS28-4(ESR)), DAS28-4(C-reactive 
protein), Clinical Disease Activity Index (CDAI), Health 
Assessment Questionnaire-Disability Index (HAQ-
DI) and pain; and proportions of patients achieving 
DAS28-4(ESR) ≥1.2 and HAQ-DI ≥0.22 decreases from 
baseline, low disease activity (DAS28-4(ESR) ≤3.2 or 
CDAI ≤10) and radiographic non-progression (Δmodified 
Total Sharp Score ≤0.5; months 12 and 24). Estimates 
were adjusted using multivariable models for selected 
outcomes. Univariate/multivariable regression analyses 
determined predictors of month 6 outcomes.
Results  Of 3880 patients included, 1690 (43.6%), 
1173 (30.2%) and 1017 (26.2%) had baseline BMI <25, 
25 to <30 and ≥30 kg/m2, respectively. Tofacitinib 
showed greater efficacy improvements versus placebo 
in each BMI category. Differences in efficacy outcomes 
(adjusted and unadjusted) were generally not clinically 
meaningful across BMI categories within treatment 
groups. In regression analyses, BMI was not consistently 
associated with selected outcomes.
Conclusions  Baseline BMI did not consistently affect 
tofacitinib response suggesting that tofacitinib is an 
effective oral treatment option for adults with moderate to 
severe RA regardless of baseline BMI, including patients 
with BMI ≥30 kg/m2.
Trial registration numbers  NCT00814307, 
NCT01039688; NCT00960440; NCT00847613; 
NCT00856544; NCT00853385.

INTRODUCTION
Tofacitinib is an oral Janus kinase inhibitor for 
the treatment of rheumatoid arthritis (RA). The 
efficacy and safety of tofacitinib 5 and 10 mg 
twice daily administered as monotherapy or in 
combination with conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs), 
mainly methotrexate (MTX), in adult patients 
with moderately to severely active RA, have been 
demonstrated in phase 2,1–5 phase 36–11 and 
phase 3b/412 13 randomised controlled trials 
(RCTs) with up to 72 months of follow-up and in 
long-term extension studies with up to 9.5 years 
of observation.14–16

Key messages

What is already known about this subject?
	⇒ Previous analyses have shown that some biologic  
therapies (eg, tumour necrosis factor inhibitors) for 
rheumatoid arthritis (RA) are associated with an  
attenuated clinical response in patients with obesity.

What does this study add?
	⇒ In contrast to what is known for some biologic ther-
apies, this analysis of pooled data from six phase 3 
randomised trials of tofacitinib in patients with RA 
demonstrates that differences in clinical efficacy 
outcomes with tofacitinib were generally negligible 
across baseline body mass index (BMI) categories.

	⇒ Treatment with tofacitinib 5 and 10 mg twice daily 
led to improvements in efficacy outcomes versus 
placebo irrespective of baseline BMI.

How might this impact on clinical practice or 
further developments?

	⇒ The results of this analysis further inform clinical 
decision-making of tofacitinib as a treatment option 
for patients with moderate to severe RA by show-
ing that the efficacy of tofacitinib was comparable 
across BMI categories.
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Evidence suggests that the efficacy of some RA treat-
ments is impacted by body mass index (BMI). Lower 
response and/or remission rates with increasing BMI 
have been reported with csDMARDs (including MTX), 
sarilumab and some tumour necrosis factor inhibitors 
(TNFi; eg, adalimumab, etanercept and infliximab), 
with outcomes most affected in patients with obesity 
(generally defined as a BMI ≥30 kg/m2).17–20 Obesity is 
characterised by low-grade systemic inflammation, and 
is associated with increased production of proinflamma-
tory cytokines, including TNF and interleukin-6,21 and 
altered expression of adipokines, such as leptin, resistin 
and adiponectin.22 In patients with RA, obesity appears 
to be associated with less radiographic progression and 
structural damage, which may be due to various factors, 
including body mass and adipokine levels.23–26

This post hoc analysis of data from the tofacitinib RA 
clinical development programme assessed whether base-
line BMI impacts the efficacy of tofacitinib 5 mg twice 
daily (the recommended dosage for RA) and 10 mg twice 
daily in adult patients with moderate to severe RA.

PATIENTS AND METHODS
Study design
Data were pooled from six double-blind phase 3 RCTs 
from the tofacitinib RA clinical development programme 
(online supplemental table 1). Full eligibility criteria 
have been reported for each study.6–11

Patients
Eligible patients were aged  ≥18 years with a diagnosis 
of RA and met the American College of Rheumatology 
(ACR) 1987 Revised RA Classification Criteria. Patients 
were randomised to receive tofacitinib 5 or 10 mg twice 
daily, placebo (advancing to tofacitinib at months 3 or 6), 
or the active controls MTX (ORAL Start) or adalimumab 
(ORAL Standard).

Assessments and outcomes
BMI was calculated for each patient as weight (in kilo-
grams (kg))/height (in metres (m)2) at baseline only. 
Patients were stratified by baseline BMI: <25 (under-
weight/normal); 25 to <30 (overweight); and ≥30 kg/m2 
(obese).

Endpoints assessed included: ACR  ≥20%, ≥50%, 
or ≥70% response criteria (ACR20/50/70 response rates) 
at months 3 and 6; mean changes from baseline through 
to month 6 in Disease Activity Score in 28 joints, eryth-
rocyte sedimentation rate (DAS28-4(ESR)), DAS28-4,  
C-reactive protein (DAS28-4(CRP)), Clinical Disease 
Activity Index (CDAI), Health Assessment Questionnaire-
Disability Index (HAQ-DI) and pain (Visual Analogue 
Scale (VAS)); the proportion of patients reporting 
improvements ≥minimum clinically important differ-
ence (MCID) in DAS28-4 (ESR) (decrease from base-
line ≥1.2) and HAQ-DI (decrease from baseline ≥0.22) 
at months 3 and 6; proportions of patients achieving low 
disease activity (LDA) at months 3 and 6 as defined by 

DAS28-4(ESR) ≤3.2 or CDAI≤10; and the proportion of 
patients with no radiographic progression, defined as 
change from baseline in modified Total Sharp Score ≤0.5 
at months 12 and 24 (pooled data from ORAL Scan and 
ORAL Start only).

An additional analysis of select outcomes 
(ACR20/50/70 response rates, changes from baseline in 
DAS28-4(ESR), CDAI and HAQ-DI, and DAS28-4(ESR)-
defined and CDAI-defined LDA) was performed in which 
patients were stratified by baseline body weight: <60, 60 
to <90 and ≥90 kg.

Statistical analysis
Descriptive analyses
Analyses were performed on the full analysis set, which 
included patients who were randomised and received ≥1 dose 
of study treatment. Efficacy analyses at month 3 used a ‘pure’ 
placebo group (ie, all patients received placebo), whereas 
the placebo group at month 6 included patients receiving 
placebo through to month 3 but who advanced to tofac-
itinib from month 3 to month 6 per protocol.

ACR response rates were assessed using both non-
responder imputation (NRI) and observed data. NRI was 
also used for the rates of achievement of improvements 
≥MCID and LDA, while observed data were used for rates 
of radiographic non-progression and for continuous 
endpoints. For binary endpoints, comparisons between 
active treatment groups and placebo were conducted 
using a normal approximation for binomial proportions 
with Z-scores to test for statistical significance; continuous 
endpoints are presented descriptively. No multiplicity 
adjustment was performed in this post hoc analysis.

Statistical modelling
Regression models were run with treatment group, 
BMI and treatment by BMI interaction terms to assess 
consistency of the relationship between BMI and efficacy 
response across treatments.

Univariate logistic regression analyses (for ACR50 
response) and univariate regression analyses (for changes 
from baseline in DAS28-4(ESR), DAS28-4(CRP), CDAI and 
HAQ-DI) were performed to determine the relationship 
between each baseline covariate (described below) and each 
efficacy endpoint. Multivariable logistic regression analyses 
(for ACR50 response) and multivariable regression anal-
yses (for changes from baseline in DAS28-4(ESR), DAS28-
4(CRP), CDAI, and HAQ-DI) were performed to determine 
potential predictors for each efficacy endpoint based on a 
stepwise selection method using 5% level of significance. 
In both univariate and multivariable analyses, baseline BMI 
was assessed as both a categorical (ie, BMI <25, 25 to <30, 
and ≥30 kg/m2) and a continuous variable.

Baseline BMI, age, gender and baseline value of the 
response variable (for continuous response variables) 
were forced to be included in the multivariable models. 
Other baseline covariates considered as candidates for 
the model selection included glucocorticoid use, history 
of myocardial infarction, MTX use, race, smoking history, 
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prior TNFi failure, seropositivity (positive for rheumatoid 
factor and/or anti-cyclic citrullinated peptide antibody), 
HAQ-DI score, pain (VAS), swollen joint count (SJC), 
tender joint count (TJC), opioid use and somatisation 
comorbidity phenotype. The somatisation comorbidity 
phenotype was defined by the use of concomitant medi-
cations for the treatment of depression, anxiety or neuro-
pathic pain, or an ongoing baseline medical diagnosis of 
depression, chronic pain, fibromyalgia or myalgias. It 
indicates patients who may have at least one condition, 
other than RA, that may contribute to chronic pain (eg, 
fibromyalgia) or that could have influenced pain and the 
patient’s self-management of their RA (eg, depression).27

Adjusted estimates for specified outcomes by baseline BMI 
category were calculated based on the multivariable regres-
sion analyses. For binary outcomes (ACR20/50/70 response 
rates at month 6, and radiographic non-progression at 
month 24), a fitted logistic regression model28 was used to 
predict the response rate for every patient in the BMI catego-
ries being compared (≥25 to <30 and ≥30 kg/m2, compared 
with BMI <25 kg/m2) as if they had been in a specified BMI 
category or the reference BMI category, and the differences 
in the average of the rates by BMI category were computed. 
For continuous outcomes (change from baseline at month 6 
in HAQ-DI, DAS28-4(ESR), DAS28-4(CRP) and CDAI), an 
analysis of covariance model was run for each endpoint for 
each tofacitinib dose, with least squares means, mean differ-
ences of BMI 25 to <30 and ≥30 kg/m2 from BMI <25 kg/
m2, and 95% CIs calculated. All models used the covariates 
described above, except somatisation comorbidity pheno-
type, which was not associated with any outcome for either 
tofacitinib dose in the regression analyses; baseline value of 
the response variable included for continuous response vari-
ables only. Observed data were used and missing values were 
not imputed.

Additionally, sensitivity analyses were performed using 
the stepwise multivariable regression analysis and the 
least absolute shrinkage and selection operator (Lasso) 
regression method with the lambda plus 1se criterion (ie, 
the largest value of the tuning parameter lambda such 
that the error is within one SE of the minimum),29 where 
no variables were forced into both models.

For all analyses, clinical relevance was defined based on 
the magnitude of the published MCID for each outcome 
measure; a difference from the baseline BMI  <25 kg/m2 
category (reference) of: ≥10% for binary outcomes (eg, 
ACR50); ≥1.2 units for DAS28-4(ESR)30; ≥1.0 units for 
DAS28-4(CRP)30; ≥12 units for CDAI30 31; ≥20 units in pain 
(0–100 mm VAS)30 and ≥0.22 units for HAQ-DI.32

RESULTS
Patients
This post hoc analysis included 3880 patients receiving 
tofacitinib 5 mg twice daily (n=1589; 41.0%), tofacitinib 
10 mg twice daily (n=1611; 41.5%) and placebo (n=680; 
17.5%) stratified by baseline BMI; of these, 1690 (43.6%), 

1173 (30.2%) and 1017 (26.2%) patients had baseline 
BMI values of <25, 25 to <30, and ≥30 kg/m2, respectively.

Baseline demographics and disease characteristics 
(table  1; online supplemental table 2) were gener-
ally similar within each BMI category across treatment 
groups; however, numeric differences were observed 
between BMI categories. Irrespective of treatment group, 
patients in the BMI <25 kg/m2 category were younger and 
were more likely to be Asian and to never have smoked, 
compared with the higher BMI categories (25 to <30 and 
≥30 kg/m2). In contrast, a higher proportion of patients 
with BMI ≥30 kg/m2 were Caucasian, from the USA, 
and were ex-smokers, versus patients with BMI <25 and 
25 to <30 kg/m2; patients with BMI ≥30 kg/m2 were also 
slightly less likely to be seropositive. Baseline mean TJC, 
SJC, HAQ-DI and pain (VAS) scores were higher as BMI 
category increased.

Higher rates of diabetes, hypertension and prior use of 
TNFi were observed in patients with BMI ≥30 kg/m2 than 
patients in the lower BMI categories.

Efficacy outcomes stratified by BMI
Covariate-adjusted estimates for ACR20/50/70 response 
rates with both tofacitinib doses at month 6 were not signifi-
cantly different in the BMI 25 to <30 and ≥30 kg/m2 catego-
ries compared with the BMI <25 kg/m2 category (figure 1). 
An exception was the estimated ACR70 response rate in the 
tofacitinib 5 mg twice daily group, which was significantly 
lower in the BMI 25 to <30 kg/m2 category, but this differ-
ence was <10% and therefore was not considered clinically 
relevant.

Additionally, at months 3 and 6, ACR20/50/70 response 
rates (assessed using NRI) were significantly higher in 
patients receiving either tofacitinib dose versus placebo 
(p<0.05), regardless of baseline BMI category (online 
supplemental figure 1). In general, there appeared to be 
a numeric trend towards somewhat lower ACR20/50/70 
response rates at both months 3 and 6 with increasing 
baseline BMI in patients receiving tofacitinib 5 and 10 mg 
twice daily; however, the differences between BMI catego-
ries were generally <10% and were not considered clini-
cally meaningful (online supplemental figure 1). Similar 
trends were observed when ACR20/50/70 response rates 
were assessed using observed data (data not shown). 
Overall, the trends were less clear for patients receiving 
placebo, particularly for ACR50/70 response rates.

In general, adjusted estimates for the least squares mean 
changes from baseline in DAS28-4(ESR), DAS28-4(CRP), 
CDAI and HAQ-DI with both tofacitinib doses at month 6 
were not significantly different with BMI 25 to <30 and ≥30 
versus  <25 kg/m2 (figure  2). Exceptions included mean 
decreases in DAS28-4(ESR) and DAS28-4(CRP) (with tofac-
itinib 10 mg twice daily) and HAQ-DI (with tofacitinib 5 mg 
twice daily), which were significantly smaller in patients with 
baseline BMI ≥30 versus <25 kg/m2; these differences were 
not clinically relevant.

https://dx.doi.org/10.1136/rmdopen-2021-002103
https://dx.doi.org/10.1136/rmdopen-2021-002103
https://dx.doi.org/10.1136/rmdopen-2021-002103
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Regardless of BMI category, mean changes from 
baseline (using descriptive analyses of observed data) 
at months 3 and 6 in DAS28-4(ESR), DAS28-4(CRP), 
CDAI, HAQ-DI and pain (VAS) were greater for patients 
receiving either tofacitinib dose versus placebo (online 
supplemental figures 2 and 3). Differences in mean 
changes from baseline through to month 6 in each effi-
cacy endpoint were small and not clinically relevant, 
based on the definitions used in this analysis, across 
baseline BMI categories for patients receiving tofacitinib 
5 or 10 mg twice daily, or placebo (online supplemental 
figures 2 and 3).

The proportions of patients receiving tofacitinib 5 and 
10 mg twice daily who achieved improvements ≥MCID in 
DAS28-4(ESR) and HAQ-DI (decreases  ≥1.2 and ≥0.22, 
respectively) at months 3 and 6 were generally similar 
regardless of baseline BMI (online supplemental figure 
4A,B). The proportion of patients achieving DAS28-4(ESR)-
defined and CDAI-defined LDA (≤3.2 and ≤10, respectively) 
with tofacitinib 5 and 10 mg twice daily and placebo, were 
generally similar across baseline BMI categories at months 3 
and 6 (online supplemental figure 4C,D).

Adjusted estimates for the differences in rates of radio-
graphic non-progression with tofacitinib 5 mg twice daily 
at month 24 were not significantly different in the base-
line BMI 25 to <30 and ≥30 kg/m2 categories versus the 
BMI  <25 kg/m2 category. In the tofacitinib 10 mg twice 
daily group, significantly higher rates of non-progression 
were observed in patients with baseline BMI  ≥30 
versus <25 kg/m2 (figure 1D).

In unadjusted analyses, the proportions of patients 
with radiographic non-progression at months 12 and 24 
(based on patients pooled from ORAL Scan and ORAL 
Start studies) showed a trend towards higher rates of non-
progression with higher baseline BMI in patients treated 
with tofacitinib 10 mg twice daily (online supplemental 
figure 5).

Efficacy outcomes stratified by weight
An analysis was performed whereby patients were strati-
fied by weight (<60, 60 to 90, ≥90 kg) rather than BMI, and 
assessed proportions of patients achieving ACR20/50/70 
responses, DAS28-4(ESR)-defined and CDAI-defined 
LDA, and changes from baseline in DAS28-4(ESR), CDAI 
and HAQ-DI. Results were similar to the analyses of effi-
cacy stratified by BMI (data not shown).

Univariate modelling analyses
Results of the univariate modelling analyses (online supple-
mental table 3) showed that categorical BMI was a signifi-
cant predictor for ACR50 response and change from base-
line in DAS28-4(ESR) (both for tofacitinib 10 mg twice daily 
only), whereas continuous BMI was a significant predictor 
for ACR50 response (both tofacitinib doses), and changes 
from baseline in DAS28-4(ESR) (both tofacitinib doses),  
DAS28-4(CRP) (tofacitinib 10 mg twice daily only) and 
HAQ-DI (tofacitinib 5 mg twice daily only). Neither cate-
gorical nor continuous BMI were significant predictors for B
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change from baseline in CDAI. Where BMI was a significant 
predictor for response, the response generally worsened 
with increasing BMI, although the effect was small.

Multivariable regression analyses
The models that included BMI by treatment interaction 
showed insufficient evidence to conclude that there was 
inconsistency in the relationship between BMI and effi-
cacy response across treatments (data not shown), thus an 
interaction term was not included in subsequent models. 
Results of the stepwise multivariable-adjusted regression 
analyses showed little evidence that categorical BMI was 
a significant predictor for most response variables for 
either tofacitinib dose. Continuous BMI was a significant 

predictor for several outcomes although this was of small 
magnitude (table 2). Generally, BMI (both as categorical 
and continuous variable) was not a significant predictor 
for most of the response variables, with the exception 
of change from baseline in HAQ-DI for tofacitinib 5 mg 
twice daily and change from baseline in DAS28-4(CRP) 
for tofacitinib 10 mg twice daily, although changes were 
small. Additionally, continuous BMI was a significant 
predictor for ACR50 response and change from baseline 
in DAS28-4(ESR) for tofacitinib 10 mg twice daily. Where 
BMI was a significant predictor for response, the response 
generally worsened with increasing BMI. Continuous 
baseline response variables (which had been forced into 

Figure 1  Adjusted estimates for differences between BMI categories in (A) ACR20, (B) ACR50 and (C) ACR70 response 
rates at month 6 and (D) rates of radiographic non-progression (change from baseline in mTSS ≤0.5) at month 24 (FAS, no 
imputation). Based on logistic regression model that includes the variables: age, gender, baseline BMI, baseline HAQ-DI 
score, race, smoking history, baseline glucocorticoid use, history of myocardial infarction, prior TNFi failure, seropositivity, 
baseline methotrexate use, baseline opioid use, baseline pain (VAS), baseline swollen joint count and baseline tender joint 
count. Red text indicates statistical significance for difference from BMI <25 kg/m2 as 95% CI does not include 0. For this 
analysis, a difference from the baseline BMI <25 kg/m2 category (reference) of ≥0.10 was considered clinically meaningful. 
ACR, American College of Rheumatology; BID, twice daily; BMI, body mass index; FAS, full analysis set; HAQ-DI, Health 
Assessment Questionnaire-Disability Index; mTSS, modified Total Sharp Score; TNFi, tumour necrosis factor inhibitors; VAS, 
Visual Analogue Scale.
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the model) and seropositivity were significant for all effi-
cacy endpoints; somatisation comorbidity phenotype was 
not a significant predictor for any endpoint (table 2).

Sensitivity analysis results of the stepwise multivariable 
regression analyses (with no forced variables) showed 
that in most cases, BMI was not selected in the final 
model (online supplemental table 4). In cases where it 
was selected, the magnitude of the effect was not clini-
cally significant, and was smaller than the MCID of the 
outcome. Lasso regression with a lambda 1se selection 
criterion produced generally similar results to the step-
wise regression model with regard to selection of BMI in 

the final model (ie, BMI was usually not selected). In the 
few models where the Lasso model did select BMI, the 
magnitude of its effect was negligible.

DISCUSSION
This post hoc analysis of pooled data from six phase 3 
RCTs aimed to assess the impact of baseline BMI (<25, 
25 to <30 and ≥30 kg/m2) on the efficacy of tofacitinib 
in patients with moderate to severe RA. These findings 
showed that treatment with tofacitinib 5 and 10 mg 
twice daily led to improvements in efficacy outcomes 

Figure 2  Adjusted estimates for LS mean differences (ANCOVA) between BMI categories in change from baseline in (A) 
DAS28-4(ESR), (B) DAS28-4(CRP), (C) CDAI and (D) HAQ-DI at month 6 (FAS, no imputation). Based on ANCOVA model 
that includes the variables: age, gender, baseline BMI, baseline HAQ-DI score, baseline value of the response variable, 
race, smoking history, baseline glucocorticoid use, history of myocardial infarction, prior TNFi failure, seropositivity, baseline 
methotrexate use, baseline opioid use, baseline pain (VAS), baseline swollen joint count, and baseline tender joint count. Red 
text indicates statistical significance for difference from BMI <25 kg/m2 as 95% CI does not include 0. For this analysis, a 
difference from the baseline BMI <25 kg/m2 category (reference) of ≥1.2 (DAS28-4(ESR)), ≥1.0 (DAS28-4(CRP)), ≥12 (CDAI)30 
and ≥0.22 (HAQ-DI)32 were considered clinically meaningful. Δ, change from baseline; ANCOVA, analysis of covariance;  
BID, twice daily; BMI, body mass index; CDAI, Clinical Disease Activity Index; DAS28-4(CRP), Disease Activity Score in 28 
joints, C-reactive protein; DAS28-4(ESR), Disease Activity Score in 28 joints, erythrocyte sedimentation rate; FAS, full analysis 
set; HAQ-DI, Health Assessment Questionnaire-Disability Index; LS, least squares; MCID, minimum clinically important 
difference; TNFi, tumour necrosis factor inhibitors; VAS, Visual Analogue Scale.

https://dx.doi.org/10.1136/rmdopen-2021-002103
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versus placebo, irrespective of baseline BMI. Moreover, 
in adjusted analyses, differences in efficacy outcomes 
(ACR20/50/70 response rates, changes from baseline 
in DAS28-4(ESR), DAS28-4(CRP), CDAI and HAQ-
DI) in patients with baseline BMI 25 to  <30 and ≥30 
versus  <25 kg/m2 were not clinically relevant. For the 
purposes of this analysis, thresholds for clinically rele-
vant differences based on commonly used definitions 
and consistent with those used for MCIDs and in non-
inferiority studies were considered.12 30 32 33 In unad-
justed analyses, these efficacy outcomes, as well as pain 
(VAS) and rates of achieving ≥MCID in DAS28-4(ESR) 
(decreases  ≥1.2) and HAQ-DI (decreases  ≥0.22), and 
DAS28-4(ESR)-defined and CDAI-defined LDA were 
generally similar across baseline BMI categories within 
treatment groups, with some small numeric differences 
noted that were clinically irrelevant.

By contrast, patients with baseline BMI ≥30 kg/m2 who 
received tofacitinib 10 mg twice daily showed higher rates 
of radiographic non-progression versus those with base-
line BMI  <25 kg/m2 in both adjusted and unadjusted 
analyses; these results were considered clinically relevant 
as the difference between groups exceeded the threshold 
defined for this analysis. Across treatments, patients with 
baseline BMI ≥30 kg/m2 were less likely to be seroposi-
tive than those with lower BMI; seropositivity is associated 
with progression of structural damage.34 35 Additionally, a 
protective effect for synovitis and osteitis in patients with 
RA and obesity has previously been noted,23 36 although 
the reasons for this are unclear; this may be due to effects 
of adipokines such as adiponectin, levels of which are 
known to decrease with increased fat mass, and which 
may have proinflammatory activity in joints.24 However, 
further research is warranted in this area.

In addition to these analyses, univariate and multivari-
able regression analyses were performed to investigate 
the relationship between selected baseline covariates and 
efficacy endpoints, and to identify potential predictors for 
these endpoints. Continuous BMI was selected in the final 
model for more variables than categorical BMI, which is 
not surprising given that the continuous model would be 
expected to be more sensitive. While BMI was selected in the 
multivariable regression analysis as a predictor for changes 
from baseline in HAQ-DI for tofacitinib 5 mg twice daily, 
and ACR50 response and changes from baseline in DAS28-
4(ESR) and DAS28-4(CRP) for tofacitinib 10 mg twice daily, 
baseline BMI was not found to have a clinically significant 
relationship with selected efficacy outcomes, and there 
was no clear trend between tofacitinib doses. A sensitivity 
analysis of stepwise multivariable regression analyses and 
Lasso regression produced similar results, providing further 
confirmation of the findings. Together with the descriptive 
analyses, these results suggest that tofacitinib is an effective 
treatment option for patients with moderate to severe RA 
regardless of baseline BMI.

The literature has shown mixed results for efficacy 
among various advanced therapies based on BMI status. 
For example, ACR response rates have been reported as To
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lower, and less radiographic progression has been noted, 
in sarilumab-treated patients with higher versus lower 
BMI.17 37 Some studies have also shown differences in 
rates of clinical remission or response to treatments when 
patients are stratified by BMI.17–20 More recently, the 
impact of BMI on CDAI-defined remission was investi-
gated in patients with RA receiving csDMARDs, primarily 
MTX, alone or with tocilizumab and, in adjusted analyses, 
BMI  ≥30 kg/m2 was associated with significantly lower 
rates of remission than lower BMI categories, regardless 
of DMARD type.38 Other studies of csDMARDs, TNFi (eg, 
adalimumab, etanercept and infliximab), and sarilumab 
have also shown that failure to achieve clinical remission 
or response to treatment or shorter treatment survival 
is more likely in patients with obesity versus those with 
normal BMI.17–20 39 The impact of obesity on TNFi may be 
due to increased levels of circulating TNF, or increased 
clearance of the drugs.40–42 Accordingly, clinical response 
to the non-TNFi biologic DMARDs abatacept and ritux-
imab does not generally appear to be affected by BMI,43 44 
although it should be noted that intravenous abatacept 
is dosed by weight; however, the impact of BMI on the 
response to tocilizumab is less clear.38 45 46

The impact of tofacitinib based on baseline BMI status 
has recently been evaluated in other post hoc analyses 
in patients with active psoriatic arthritis (PsA),47 and 
moderate to severe ulcerative colitis (UC).48 Consistent 
with this analysis, tofacitinib demonstrated greater effi-
cacy than placebo irrespective of baseline BMI. In patients 
with UC, efficacy was similar regardless of baseline BMI. 
However, in patients with PsA, reduced efficacy was 
observed in patients with baseline BMI ≥35 kg/m2 versus 
other BMI categories. It should be noted that there are 
no recommendations to dose-adjust tofacitinib by weight 
for PsA. Additionally, the analysis of data in patients with 
PsA included four BMI categories (<25, ≥25 to <30, ≥30 to 
<35, and ≥35 kg/m2) rather than the three BMI catego-
ries used in this analysis.

Limitations of this analysis include that it was performed 
post hoc, and individual studies were not designed or 
powered to show differences between baseline BMI cate-
gories. Pure placebo data were not available after month 
6; further, the placebo data at month 6 were mixed (ie, 
included patients who switched from placebo at month 3), 
and therefore, meaningful improvements from baseline 
may have been observed at month 6 in the placebo group. 
Additionally, BMI was used as a surrogate for adiposity. The 
study designs did not include waist circumference measure-
ments which provide a better measure of abdominal obesity, 
and no metabolic biomarker data (eg, adipokines such as 
leptin) were collected during the conduct of the phase 3 
studies to further support this analysis. Treatment effective-
ness was also only assessed in the three common BMI cate-
gories (<25, 25 to <30, and ≥30 kg/m2) and did not include 
further analyses for BMI <18.5 or ≥35 kg/m2.

In addition, some treatments for RA, including TNFi 
and tocilizumab, are known to affect body composi-
tion.49 For example, a recent analysis in patients with RA 

demonstrated that tocilizumab was associated with signif-
icant increases in lean mass without changes in fat mass.50 
Future research, therefore, could evaluate the effects of 
tofacitinib on changes in adiposity, lean mass, and fat 
mass.

In summary, this post hoc analysis demonstrated that 
the efficacy of tofacitinib was comparable across baseline 
BMI categories (<25, 25 to  <30 and  ≥30 kg/m2). Tofaci-
tinib resulted in greater improvements in RA outcomes 
versus placebo, irrespective of baseline BMI category. In 
general, no clinically meaningful differences were observed, 
although patients with baseline BMI ≥30 kg/m2 who received 
tofacitinib 10 mg twice daily showed higher rates of radio-
graphic non-progression compared with those with baseline 
BMI <25 kg/m2. Overall, BMI was not a consistent affecting 
factor in either the descriptive or regression analyses. The 
results of this analysis provide information that will inform 
clinical decision-making of tofacitinib as a treatment option 
for adult patients with moderate to severe RA regardless 
of BMI category, including patients in the obese category 
(BMI ≥30 kg/m2). Further analyses of patients with RA in 
the real-world setting may provide additional insights into 
the impact of baseline BMI on the efficacy of tofacitinib.

Author affiliations
1Cabrillo Center for Rheumatic Disease, San Diego, California, USA
2Section of Rheumatology, Hospital Universitario Marques de Valdecilla, Santander, 
Spain
3Rheumatic Innovative Therapies, Houston Institute for Clinical Research, Houston, 
Texas, USA
4Rheumatology Department, Hospital General Universitario Gregorio Marañón, 
Madrid, Spain
5Inflammation and Immunology, Pfizer Inc, Collegeville, Pennsylvania, USA
6Inflammation and Immunology, Pfizer Inc, New York, New York, USA
7Inflammation and Immunology, Pfizer Inc, Groton, Connecticut, USA
8Division of Clinical Immunology and Rheumatology, The University of Alabama at 
Birmingham, Birmingham, Alabama, USA

Acknowledgements  This study was sponsored by Pfizer Inc. Medical writing 
support, under the guidance of the authors, was provided by Christina Viegelmann, 
PhD, CMC Connect, McCann Health Medical Communications, and was funded by 
Pfizer Inc, New York, NY, USA in accordance with Good Publication Practice (GPP3) 
guidelines (Ann Intern Med 2015;163:461–464).

Contributors  AHD, FW, LT, LS, JP, HS and JRC conceived or designed the study. 
JP, HS and ST acquired and analysed the data. All authors had access to the data, 
were involved in interpretation of data, reviewed and approved the manuscript’s 
content before submission, and agreed to be accountable for all aspects of the 
work. AHD accepts final responsibility for the work and controlled the decision to 
publish.

Funding  This study was sponsored by Pfizer Inc.

Competing interests  AHD has received consulting fees or other remuneration 
from AbbVie, Crescendo, Gilead, Mallinckrodt, Pfizer Inc, Regeneron and Sanofi-
Genzyme, and is on the speakers bureau for AbbVie, Amgen, Bristol-Myers Squibb, 
Crescendo, Genentech, Eli Lilly, Mallinckrodt, Pfizer Inc, and Sanofi-Genzyme. 
MAG-G has received grants/research support from AbbVie, MSD and Roche, and 
has received consultation fees/participation in company-sponsored speakers 
bureau from AbbVie, Celgene, MSD, Pfizer Inc, Roche and Sanofi. FW has received 
research grants from AbbVie, Bristol-Myers Squibb, Eli Lilly, Genzyme, Pfizer Inc, 
Regeneron, and Sanofi, has received consulting fees or other remuneration from 
AbbVie, Bristol-Myers Squibb, Genzyme, Novartis, Pfizer Inc, Regeneron, and 
Sanofi, and is on the speakers bureau for AbbVie, Boehringer Ingelheim, Bristol-
Myers Squibb, Genzyme, Novartis, Pfizer Inc, Regeneron, and Sanofi. JMAG has 
received consulting or speaking fees from AbbVie, Bristol-Myers Squibb, Eli Lilly, 
Galapagos, MSD, Pfizer Inc, Roche and UCB. LT, LS, HS and ST are employees 
and shareholders of Pfizer Inc. JP is an employee of Syneos Health, who were 
paid contractors to Pfizer Inc in the development of this manuscript and for the 



11Dikranian AH, et al. RMD Open 2022;8:e002103. doi:10.1136/rmdopen-2021-002103

Rheumatoid arthritisRheumatoid arthritisRheumatoid arthritis

provision of statistical support. JRC has received research grants from Amgen, 
Corrona, Crescendo Bio, and Pfizer Inc, and has received consulting fees or 
other remuneration from AbbVie, Amgen, Bristol-Myers Squibb, Corrona, Eli Lilly, 
Janssen, Myriad, Pfizer Inc, Roche/Genentech and UCB.

Patient consent for publication  Not applicable.

Ethics approval  This was a post hoc analysis of six randomised controlled 
studies. All studies were conducted in accordance with the Declaration of 
Helsinki and Good Clinical Practice Guidelines of the International Council for 
Harmonisation, and were approved by the relevant Institutional Review Board and/
or Independent Ethics Committee of the investigational centres. Patients provided 
written informed consent. No further ethical approval was required for this post hoc 
analysis.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Upon request, and subject to review, Pfizer will 
provide the data that support the findings of this study. Subject to certain criteria, 
conditions and exceptions, Pfizer may also provide access to the related individual 
deidentified participant data. See https://www.pfizer.com/science/clinical-trials/​
trial-data-and-results for more information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Ara H Dikranian http://orcid.org/0000-0002-2010-3272
Miguel A Gonzalez-Gay http://orcid.org/0000-0002-7924-7406
Jeffrey R Curtis http://orcid.org/0000-0002-8907-8976

REFERENCES
	 1	 Fleischmann R, Cutolo M, Genovese MC, et al. Phase IIb dose-

ranging study of the oral JAK inhibitor tofacitinib (CP-690,550) or 
adalimumab monotherapy versus placebo in patients with active 
rheumatoid arthritis with an inadequate response to disease-
modifying antirheumatic drugs. Arthritis Rheum 2012;64:617–29.

	 2	 Kremer JM, Cohen S, Wilkinson BE, et al. A phase IIb dose-ranging 
study of the oral JAK inhibitor tofacitinib (CP-690,550) versus 
placebo in combination with background methotrexate in patients 
with active rheumatoid arthritis and an inadequate response to 
methotrexate alone. Arthritis Rheum 2012;64:970–81.

	 3	 Kremer JM, Bloom BJ, Breedveld FC, et al. The safety and efficacy 
of a JAK inhibitor in patients with active rheumatoid arthritis: 
results of a double-blind, placebo-controlled phase IIA trial of three 
dosage levels of CP-690,550 versus placebo. Arthritis Rheum 
2009;60:1895–905.

	 4	 Tanaka Y, Takeuchi T, Yamanaka H, et al. Efficacy and safety 
of tofacitinib as monotherapy in Japanese patients with active 
rheumatoid arthritis: a 12-week, randomized, phase 2 study. Mod 
Rheumatol 2015;25:514–21.

	 5	 Tanaka Y, Suzuki M, Nakamura H, et al. Phase II study of tofacitinib 
(CP-690,550) combined with methotrexate in patients with 
rheumatoid arthritis and an inadequate response to methotrexate. 
Arthritis Care Res (Hoboken)2011;63:1150–8.

	 6	 Burmester GR, Blanco R, Charles-Schoeman C, et al. Tofacitinib 
(CP-690,550) in combination with methotrexate in patients with 
active rheumatoid arthritis with an inadequate response to tumour 
necrosis factor inhibitors: a randomised phase 3 trial. Lancet 
2013;381:451–60.

	 7	 Fleischmann R, Kremer J, Cush J, et al. Placebo-controlled trial 
of tofacitinib monotherapy in rheumatoid arthritis. N Engl J Med 
2012;367:495–507.

	 8	 Kremer J, Li Z-G, Hall S, et al. Tofacitinib in combination with 
nonbiologic disease-modifying antirheumatic drugs in patients 
with active rheumatoid arthritis: a randomized trial. Ann Intern Med 
2013;159:253–61.

	 9	 Lee EB, Fleischmann R, Hall S, et al. Tofacitinib versus methotrexate 
in rheumatoid arthritis. N Engl J Med 2014;370:2377–86.

	10	 van der Heijde D, Tanaka Y, Fleischmann R, et al. Tofacitinib (CP-
690,550) in patients with rheumatoid arthritis receiving methotrexate: 
twelve-month data from a twenty-four-month phase III randomized 
radiographic study. Arthritis Rheum 2013;65:559–70.

	11	 van Vollenhoven RF, Fleischmann R, Cohen S, et al. Tofacitinib or 
adalimumab versus placebo in rheumatoid arthritis. N Engl J Med 
2012;367:508–19.

	12	 Fleischmann R, Mysler E, Hall S, et al. Efficacy and safety of 
tofacitinib monotherapy, tofacitinib with methotrexate, and 
adalimumab with methotrexate in patients with rheumatoid arthritis 
(ORAL Strategy): a phase 3b/4, double-blind, head-to-head, 
randomised controlled trial. Lancet 2017;390:457–68.

	13	 Ytterberg SR, Bhatt DL, Mikuls TR, et al. Cardiovascular and 
cancer risk with tofacitinib in rheumatoid arthritis. N Engl J Med 
2022;386:316–26.

	14	 Wollenhaupt J, Silverfield J, Lee EB, et al. Safety and efficacy 
of tofacitinib, an oral Janus kinase inhibitor, for the treatment of 
rheumatoid arthritis in open-label, longterm extension studies.  
J Rheumatol 2014;41:837–52.

	15	 Yamanaka H, Tanaka Y, Takeuchi T, et al. Tofacitinib, an oral Janus 
kinase inhibitor, as monotherapy or with background methotrexate, 
in Japanese patients with rheumatoid arthritis: an open-label, long-
term extension study. Arthritis Res Ther 2016;18:34.

	16	 Wollenhaupt J, Lee E-B, Curtis JR, et al. Safety and efficacy of 
tofacitinib for up to 9.5 years in the treatment of rheumatoid arthritis: 
final results of a global, open-label, long-term extension study. 
Arthritis Res Ther 2019;21:89.

	17	 Genovese MC, Fleischmann R, Kivitz A, et al. Efficacy and safety 
of sarilumab in combination with csDMARDs or as monotherapy 
in subpopulations of patients with moderately to severely active 
rheumatoid arthritis in three phase III randomized, controlled studies. 
Arthritis Res Ther 2020;22:139.

	18	 Heimans L, van den Broek M, le Cessie S, et al. Association of high 
body mass index with decreased treatment response to combination 
therapy in recent-onset rheumatoid arthritis patients. Arthritis Care 
Res (Hoboken) 2013;65:1235–42.

	19	 Gremese E, Carletto A, Padovan M, et al. Obesity and reduction 
of the response rate to anti-tumor necrosis factor α in rheumatoid 
arthritis: an approach to a personalized medicine. Arthritis Care Res 
(Hoboken) 2013;65:94–100.

	20	 Singh S, Facciorusso A, Singh AG, et al. Obesity and response to 
anti-tumor necrosis factor-α agents in patients with select immune-
mediated inflammatory diseases: a systematic review and meta-
analysis. PLoS One 2018;13:e0195123.

	21	 Bastard J-P, Maachi M, Lagathu C, et al. Recent advances in the 
relationship between obesity, inflammation, and insulin resistance. 
Eur Cytokine Netw 2006;17:4–12.

	22	 Derdemezis CS, Voulgari PV, Drosos AA, et al. Obesity, adipose 
tissue and rheumatoid arthritis: coincidence or more complex 
relationship? Clin Exp Rheumatol 2011;29:712–27.

	23	 Baker JF, Østergaard M, George M, et al. Greater body mass 
independently predicts less radiographic progression on X-ray and 
MRI over 1-2 years. Ann Rheum Dis 2014;73:1923–8.

	24	 Giles JT, Allison M, Bingham CO, et al. Adiponectin is a mediator 
of the inverse association of adiposity with radiographic damage in 
rheumatoid arthritis. Arthritis Rheum 2009;61:1248–56.

	25	 Rydell E, Forslind K, Nilsson J, et al. Smoking, body mass index, 
disease activity, and the risk of rapid radiographic progression 
in patients with early rheumatoid arthritis. Arthritis Res Ther 
2018;20:82.

	26	 Baker JF, George M, Baker DG, et al. Associations between body 
mass, radiographic joint damage, adipokines and risk factors for 
bone loss in rheumatoid arthritis. Rheumatology 2011;50:2100–7.

	27	 Curtis JR, Herrem C, Ndlovu MN, et al. A somatization comorbidity 
phenotype impacts response to therapy in rheumatoid arthritis: 
post-hoc results from the certolizumab pegol phase 4 PREDICT trial. 
Arthritis Res Ther 2017;19:215.

	28	 Ge M, Durham LK, Meyer RD, et al. Covariate-adjusted difference in 
proportions from clinical trials using logistic regression and weighted 
risk differences. Drug Inf J 2011;45:481–93.

	29	 Friedman J, Hastie T, Tibshirani R. Regularization paths for 
generalized linear models via coordinate descent. J Stat Softw 
2010;33:1–22.

	30	 Ward MM, Guthrie LC, Alba MI. Clinically important changes 
in individual and composite measures of rheumatoid arthritis 
activity: thresholds applicable in clinical trials. Ann Rheum Dis 
2015;74:1691–6.

	31	 Curtis JR, Yang S, Chen L, et al. Determining the minimally important 
difference in the clinical disease activity index for improvement and 
worsening in early rheumatoid arthritis patients. Arthritis Care Res 
(Hoboken) 2015;67:1345–53.

	32	 Wells GA, Tugwell P, Kraag GR, et al. Minimum important difference 
between patients with rheumatoid arthritis: the patient's perspective. 
J Rheumatol 1993;20:557–60.

	33	 Weinblatt ME, Schiff M, Valente R, et al. Head-to-head comparison 
of subcutaneous abatacept versus adalimumab for rheumatoid 
arthritis: findings of a phase IIIB, multinational, prospective, 
randomized study. Arthritis Rheum 2013;65:28–38.

https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2010-3272
http://orcid.org/0000-0002-7924-7406
http://orcid.org/0000-0002-8907-8976
http://dx.doi.org/10.1002/art.33383
http://dx.doi.org/10.1002/art.33419
http://dx.doi.org/10.1002/art.24567
http://dx.doi.org/10.3109/14397595.2014.995875
http://dx.doi.org/10.3109/14397595.2014.995875
http://dx.doi.org/10.1002/acr.20494
http://dx.doi.org/10.1016/S0140-6736(12)61424-X
http://dx.doi.org/10.1056/NEJMoa1109071
http://dx.doi.org/10.7326/0003-4819-159-4-201308200-00006
http://dx.doi.org/10.1056/NEJMoa1310476
http://dx.doi.org/10.1002/art.37816
http://dx.doi.org/10.1056/NEJMoa1112072
http://dx.doi.org/10.1016/S0140-6736(17)31618-5
http://dx.doi.org/10.1056/NEJMoa2109927
http://dx.doi.org/10.3899/jrheum.130683
http://dx.doi.org/10.3899/jrheum.130683
http://dx.doi.org/10.1186/s13075-016-0932-2
http://dx.doi.org/10.1186/s13075-019-1866-2
http://dx.doi.org/10.1186/s13075-020-02194-z
http://dx.doi.org/10.1002/acr.21978
http://dx.doi.org/10.1002/acr.21978
http://dx.doi.org/10.1002/acr.21768
http://dx.doi.org/10.1002/acr.21768
http://dx.doi.org/10.1371/journal.pone.0195123
http://www.ncbi.nlm.nih.gov/pubmed/16613757
http://www.ncbi.nlm.nih.gov/pubmed/21640051
http://dx.doi.org/10.1136/annrheumdis-2014-205544
http://dx.doi.org/10.1002/art.24789
http://dx.doi.org/10.1186/s13075-018-1575-2
http://dx.doi.org/10.1093/rheumatology/ker294
http://dx.doi.org/10.1186/s13075-017-1412-z
http://dx.doi.org/10.1177/009286151104500409
http://dx.doi.org/10.18637/jss.v033.i01
http://dx.doi.org/10.1136/annrheumdis-2013-205079
http://dx.doi.org/10.1002/acr.22606
http://dx.doi.org/10.1002/acr.22606
http://www.ncbi.nlm.nih.gov/pubmed/8478873
http://dx.doi.org/10.1002/art.37711


12 Dikranian AH, et al. RMD Open 2022;8:e002103. doi:10.1136/rmdopen-2021-002103

RMD OpenRMD OpenRMD Open

	34	 Mouterde G, Rincheval N, Lukas C, et al. Outcome of patients with 
early arthritis without rheumatoid factor and ACPA and predictors 
of rheumatoid arthritis in the ESPOIR cohort. Arthritis Res Ther 
2019;21:140.

	35	 Katchamart W, Koolvisoot A, Aromdee E, et al. Associations of 
rheumatoid factor and anti-citrullinated peptide antibody with 
disease progression and treatment outcomes in patients with 
rheumatoid arthritis. Rheumatol Int 2015;35:1693–9.

	36	 Mangnus L, Nieuwenhuis WP, van Steenbergen HW, et al. Body 
mass index and extent of MRI-detected inflammation: opposite 
effects in rheumatoid arthritis versus other arthritides and 
asymptomatic persons. Arthritis Res Ther 2016;18:245.

	37	 van der Heijde D, Fan C, van Hoogstraten H, et al. 
SAT0058 Consistency of radiographic responses with sarilumab plus 
methotrexate across subpopulations of patients with rheumatoid 
arthritis in a phase 3 study [abstract]. Ann Rheum Dis 2016;75:685

	38	 Abuhelwa AY, Hopkins AM, Sorich MJ, et al. Association between 
obesity and remission in rheumatoid arthritis patients treated with 
disease-modifying anti-rheumatic drugs. Sci Rep 2020;10:18634.

	39	 Bergstra SA, Allaart CF, Vega-Morales D, et al. Body mass index and 
treatment survival in patients with RA starting treatment with TNFα-
inhibitors: long-term follow-up in the real-life METEOR registry. RMD 
Open 2020;6:e001203.

	40	 Passot C, Mulleman D, Bejan-Angoulvant T, et al. The 
underlying inflammatory chronic disease influences infliximab 
pharmacokinetics. MAbs 2016;8:1407–16.

	41	 Wade JR, Parker G, Kosutic G, et al. Population pharmacokinetic 
analysis of certolizumab pegol in patients with Crohn's disease.  
J Clin Pharmacol 2015;55:866–74.

	42	 Popko K, Gorska E, Stelmaszczyk-Emmel A, et al. Proinflammatory 
cytokines IL-6 and TNF-α and the development of inflammation in 
obese subjects. Eur J Med Res 2010;15:120–2.

	43	 Ottaviani S, Gardette A, Roy C, et al. Body mass index and response 
to rituximab in rheumatoid arthritis. Joint Bone Spine 2015;82:432–6.

	44	 D'Agostino M-A, Alten R, Mysler E, et al. Body mass index 
and clinical response to intravenous or subcutaneous 
abatacept in patients with rheumatoid arthritis. Clin Rheumatol 
2017;36:2655–65.

	45	 Pers Y-M, Godfrin-Valnet M, Lambert J, et al. Response to 
tocilizumab in rheumatoid arthritis is not influenced by the body 
mass index of the patient. J Rheumatol 2015;42:580–4.

	46	 Schäfer M, Meißner Y, Kekow J, et al. Obesity reduces the real-world 
effectiveness of cytokine-targeted but not cell-targeted disease-
modifying agents in rheumatoid arthritis. Rheumatology (Oxford) 
2020;59:1916–26.

	47	 Giles JT, Ogdie A, Gomez Reino JJ, et al. Impact of baseline body 
mass index on the efficacy and safety of tofacitinib in patients with 
psoriatic arthritis. RMD Open 2021;7:e001486.

	48	 Farraye FA, Qazi T, Kotze PG, et al. The impact of body mass index 
on efficacy and safety in the tofacitinib OCTAVE ulcerative colitis 
clinical programme. Aliment Pharmacol Ther 2021;54:429–40.

	49	 Toussirot E. The interrelations between biological and targeted 
synthetic agents used in inflammatory joint diseases, and obesity or 
body composition. Metabolites 2020;10:107.

	50	 Toussirot E, Marotte H, Mulleman D, et al. Increased high molecular 
weight adiponectin and lean mass during tocilizumab treatment in 
patients with rheumatoid arthritis: a 12-month multicentre study. 
Arthritis Res Ther 2020;22:224.

http://dx.doi.org/10.1186/s13075-019-1909-8
http://dx.doi.org/10.1007/s00296-015-3271-8
http://dx.doi.org/10.1186/s13075-016-1146-3
http://dx.doi.org/10.1136/annrheumdis-2016-eular.4363
http://dx.doi.org/10.1038/s41598-020-75673-7
http://dx.doi.org/10.1136/rmdopen-2020-001203
http://dx.doi.org/10.1136/rmdopen-2020-001203
http://dx.doi.org/10.1080/19420862.2016.1216741
http://dx.doi.org/10.1002/jcph.491
http://dx.doi.org/10.1002/jcph.491
http://dx.doi.org/10.1186/2047-783X-15-S2-120
http://dx.doi.org/10.1016/j.jbspin.2015.02.011
http://dx.doi.org/10.1007/s10067-017-3788-1
http://dx.doi.org/10.3899/jrheum.140673
http://dx.doi.org/10.1093/rheumatology/kez535
http://dx.doi.org/10.1136/rmdopen-2020-001486
http://dx.doi.org/10.1111/apt.16439
http://dx.doi.org/10.3390/metabo10030107
http://dx.doi.org/10.1186/s13075-020-02297-7

	Efficacy of tofacitinib in patients with rheumatoid arthritis stratified by baseline body mass index: an analysis of pooled data from phase 3 studies
	Abstract
	Introduction﻿﻿
	Patients and methods
	Study design
	Patients
	Assessments and outcomes
	Statistical analysis
	Descriptive analyses
	Statistical modelling


	Results
	Patients
	Efficacy outcomes stratified by BMI
	Efficacy outcomes stratified by weight
	Univariate modelling analyses
	Multivariable regression analyses

	Discussion
	References


