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ABSTRACT

Objective To assess the association between high body mass index (BMI) and treatment 
response in recent onset RA.
Methods In the BeSt study, 508 patients were randomized to initial monotherapy or 
combination therapy with prednisolone or infliximab (IFX). Response to disease activity 
score (DAS)≤2.4- steered treatment (first dose and after 1 year) was compared between 
patients with a BMI <25 and ≥25, using relative risk regression analyses. DAS, compo-
nents of DAS and functional ability during the first year were compared using linear 
mixed models. 
Results High BMI was independently associated with failure to achieve DAS≤2.4 on 
initial therapy, RR 1.20 (95% CI 1.05;1.37). The effect for combination therapy with pred-
nisolone was RR 1.55 (95% CI 1.06;2.28) and for combination therapy with IFX 1.42 (95% 
CI 0.98;2.06). The RRs for failure after one year were 1.46 (95% CI 0.75;2.83) and 2.20 
(95% CI 0.99;4.92) respectively. High BMI was also associated with failure on delayed 
combination therapy with IFX, after adjustment for selection bias related to previous 
failure on DMARD. No significant association was observed in the initial monotherapy 
groups. In the first year, patients with a high BMI had higher DAS and worse functional 
ability, with more tender joints and a higher VAS global health, but not more swollen 
joints and similar systemic inflammation.
Conclusions High BMI was independently associated with failure to achieve low DAS 
on initial combination therapy with prednisolone and on initial and delayed treatment 
with infliximab. Patients with a high BMI experienced more pain, but not more swelling 
or systemic inflammation. 
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INTRODUCTION

An association between treatment response to TNF-blockers and BMI was described 
in a group of patients with established RA who had failed on disease modifying anti-
rheumatic drugs (DMARD) treatment. Patients with a high BMI responded less well to 
treatment with a fixed dose of TNF-blocker infliximab (IFX).1 This finding was replicated 
in patients who had failed on methotrexate and were treated with a fixed dose of adali-
mumab, etanercept or infliximab.2 Patients with a high BMI and thus a higher fat mass 
might show more inflammation.3,4 Yet, clinical synovitis might be less easy to assess in 
RA patients with a high BMI. It has also been described that patients with various condi-
tions and a high BMI report more pain than patients with normal or low BMI.5-7

In the BeSt trial, a treat to target trial in early RA patients, treatment response in terms 
of Disease Activity Score (DAS) and patient reported outcomes was assessed every 3 
months and yearly radiographs were taken. Because different treatment strategies were 
used, we could analyze the association between BMI and different components of treat-
ment response not only to TNF-blockers, but also to conventional DMARD mono- or 
combination therapy. 

METHODS

Patients from the BeSt cohort, a study originally designed to compare four different 
treatment strategies in early DMARD-naïve rheumatoid arthritis patients, were analyzed. 
Patients were randomized to sequential monotherapy (group 1) or step-up combination 
therapy (group 2) starting with methotrexate (MTX), initial combination therapy (group 
3) with the COBRA scheme: MTX, sulfasalazine (SSA) and high dose tapered prednisolone 
or a combination of MTX and IFX (group 4). 
Treatment was a disease activity score (DAS)-steered and aimed at a DAS≤2.4 result-
ing in treatment adjustments every three months as long as the DAS was >2.4. Thus, 
In groups 1-3, delayed infliximab treatment was initiated if patients had failed on at 
least 3 synthetic DMARD, including methotrexate, sulfasalazine, leflunomide (in arm 1) 
or hydroxychloroquine (in arm 2) and prednisolone (in arms 2 and 3). In all arms, DMARD 
treatment was changed or added to at least twice in case of insufficient response 
(DAS>2.4), before MTX+IFX combination therapy was started. Patients treated with 
MTX+IFX started IFX in a dose of 3 mg/kg/8weeks, but if the DAS remained >2.4, the IFX 
dose was escalated from 3 mg/kg/2 months to 6, 7.5 and finally 10 mg/kg if necessary. 
If the highest dose did not lead to a low DAS, MTX+IFX were abandoned and the next 
treatment initiated. At any stage of the protocol, if patients achieved a DAS≤2.4 for ≥6 
months, treatment was tapered to maintenance dose: MTX monotherapy in groups 1 
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and 2, sulfasalazine monotherapy in group 3 and MTX+IFX 3mg/kg/2 months in group 
4. More details on the treatment protocol were published previously.8

Treatment response (failure defined as not achieving a DAS ≤2.4) was compared between 
patients with a normal weight (BMI<25) and overweight or obese patients (BMI ≥25).9 
Both height and weight were assessed at baseline and were measured by a research 
nurse. Weight was measured on professional, calibrated scales, height with wall based 
measure rods. Treatment response was assessed at two time points. First, we looked at 
whether or not patients achieved a DAS≤2.4 after the first three months of treatment. 
Second, we looked at failing (DAS>2.4) in year 1, on treatment step 1 and 2: methotrex-
ate monotherapy (15 mg/week, if necessary increased to 25 mg/week) in groups 1 and 2, 
on combination therapy with prednisolone (methotrexate 7.5, if necessary increased to 
25 mg/week) in group 3, and on treatment steps 1, 2 or 3 (methotrexate plus infliximab 
increased from 3, 6 to 7.5mg/kg/2 months) in group 4. The different cut-off for group 4 
was chosen because based on DAS evaluations before each infliximab dose, treatment 
could be intensified every 2 months, compared to every 3 months in the other groups. 
We also looked for a relation between BMI and clinical response to treatment with MTX 
plus infliximab in patients who had failed on previous synthetical DMARD in groups 1-3. 
After 8 years of treatment, the number of protocolized treatment steps patients had 
failed on was recorded in the initial treatment groups. Radiological damage progression 
was assessed using the Sharp-van der Heijde score (SHS), taking the mean of the scores 
of 2 independent readers who evaluated all the radiographs of hands and feet in non-
chronological order, blinded for patient identity.

Statistical analysis

Statistical analyses were performed with the software program SPSS version 17.0 and STATA 
12. Baseline characteristics were compared between patients with normal and high BMI, 
using the Student’s t test, Mann Whitney U test or Chi square test. To determine whether a 
higher BMI was associated with impaired response to therapy according to the definitions 
above, a relative risk regression model was used, where the parameters were estimated 
using a modified Poisson regression approach with robust standard errors.10 These analyses 
give risk ratios, which are easier to interpret than odds ratios. The analyses were adjusted for 
gender, age, smoking habits, rheumatoid factor (RF) and baseline DAS. Then the regression 
analyses for treatment response were repeated stratified for treatment group (groups 1&2, 
group 3 and group 4). The  association between BMI and failure to achieve a DAS≤2.4 on 
delayed IFX was examined in patients from group 1-3 who received MTX+IFX after failing 
on several DMARD. Differences in baseline characteristics in this group, associated with 
response to DMARD, were observed between patients with low or normal and high BMI, 
indicating that there might be a selection bias. Therefore propensity scores, with age, RF, 
alcohol use (yes/no), treatment group, baseline ESR, number of swollen joints, visual ana-
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logue scale global and morning stiffness (VAS) as predictors and high BMI as outcome were 
calculated using logistic regression. Then to correct for the differences between patients 
with normal and high BMI, a relative risk model was fitted with the weighting based on the 
estimated propensity score, i.e. 1/propensity score for patients with high BMI and 1/(1-pro-
pensity score) for patients with normal BMI. Weights larger than 5 were truncated at 5. We 
repeated the analyses with BMI as a (linear) continuous variable. There was no evidence of 
a non-linear association (tested by comparing likelihoods of different models and by using 
fractional polynomials). To find out whether there was a difference in disease manifestation 
in the first year of treatment, between the BMI categories in the various DAS components 
or in patient reported outcomes, linear mixed models were fitted. The following dependent 
variables were used in the different models: tender joint count, swollen joint count, erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), patients’ assessment of global health 
(VAS global), and of pain (VAS pain) and Health Assessment Questionnaire (HAQ) score. In 
each of the models time and BMI category were entered as categorical covariates and the 
baseline value of the dependent variable as continuous covariate. The interaction between 
time and BMI was not significant in any of the analyses, therefore it was not included in the 
final models. The estimates were adjusted for gender, age, RF and smoking habits. 
The number of treatment steps patients had failed on after 8 years was compared using 
the Mann Whitney U test.

RESULTS

Patients with a BMI≥25 were older than patients with a BMI<25: 56 versus 53 years 
(p=0.03) and were less often smokers (31 versus 41%, p 0.01).(table 1) No other signifi-
cant differences in baseline characteristics were observed. A BMI ≥30 was observed in 
15% of all patients.
High BMI was an independent predictor of failing (not achieving a DAS ≤2.4) on the first 
treatment step with a RR of 1.20 (95% CI 1.05;1.37).(table 2) A minor effect was observed 
for failing on treatment steps in year 1 (step 1 and 2 in groups 1-3 or steps 1, 2 and 3 in 
group 4) with a RR of 1.15 (95% CI 0.92;1.43).  Analyses were repeated with BMI as a con-
tinuous variable and these results confirm the findings of the dichotomized analyses. 
High BMI was again an independent predictor of failing on the first step (RR 1.03, 95% CI 
1.01;1.06) and for failing on treatment steps in year 1 (RR 1.02, 95% CI 1.01;1.04).(table 3)
After 8 years of DAS-targeted treatment, the median (IQR) number of treatment steps 
patients had failed on was 1 (0-3) for patients with a BMI<25 and 2 (1-4) for patients with 
a BMI≥25, p<0.001. The percentage of patients who after 8 years were no longer treated 
according to protocol due to failing on all treatment steps was not different: 26% vs 22%, 
p=0.4.
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Table 1: baseline characteristics for patients with normal and high BMI

BMI<25 (n=216) BMI≥25 (n=292) p-value

Female   n(%) 155 (72) 188 (64) 0.08

Age 53 ± 15 56 ± 13 0.03

BMI 23 ± 2 29 ± 3 <0.001

Symptom dur.	 median (IQR) 23 (13-57) 23 (14-47) 0.7

ACPA-positive   n(%) 131 (65) 160 (59) 0.2

RF positive   n(%) 149 (69) 180 (62) 0.09

DAS 4.4 ± 0.8 4.4 ± 0.9 0.4

HAQ 1.4 ± 0.6 1.4 ± 0.7 0.4

CRP		 median (IQR) 20 (8-55) 21 (9-50) 0.96

ESR		  median (IQR) 38 (20-56) 34 (18-56) 0.4

TJC		  median (IQR) 13 (9-17) 13 (9-19) 0.3

SJC		  median (IQR) 13 (10-19) 14 (9-18) 0.8

VAS global health 51 ± 20 54 ± 20 0.09

VAS physician 58 ± 18 57 ± 18 0.6

VAS pain 54 ± 21 55 ± 22 0.3

Smoking n(%) 88 (41) 89 (31) 0.02

ACPA anti-citrullinated protein antibodies, RF rheumatoid factor, DAS disease activity score, HAQ Health 
Assessment Questionnaire, CRP C-reactive protein, ESR erythrocyte sedimentation rate, TJC tender joint 
count, SJC swollen joint count, VAS visual analogue scale
Unless indicated otherwise, values are mean ± SD

Table 2: risk of not achieving a DAS ≤2.4 (on the first dose and during year 1) in patients with a high BMI

Crude RR Adjusted RR*

Fail on initial treatment step (all) 1.20 (1.04;1.38)** 1.20 (1.05;1.37)**

Fail on first dose MTX monotherapy 1.10 (0.96;1.25) 1.10 (0.97;1.25)

Fail on initial dose MTX+SSA+prednisolone 1.57 (1.02;2.41)** 1.55 (1.06;2.28)**

Fail on initial dose MTX+infliximab 1.37 (0.93;2.02) 1.42 (0.98;2.06)

Fail in year 1 (all) 1.13 (0.89;1.43) 1.15 (0.92;1.43)

Fail in year 1 (groups 1+2) 1.04 (0.82;1.31) 1.05 (0.84;1.30)

Fail in year 1 (group 3) 1.37 (0.68;2.75) 1.46 (0.75;2.83)

Fail in year 1 (group 4) 2.12 (0.93;4.83) 2.20 (0.99;4.92)

First dose: MTX monotherapy in groups 1 and 2, MTX+sulfasalazine+prednisolone in group 3, 
MTX+infliximab in group 4 
Year 1: failing on treatment step 1 and 2: methotrexate monotherapy (15 or 25 mg/week) in groups 1 
and 2, on combination therapy with prednisolone (methotrexate 7.5 or 25 mg/week) in group 3, and on 
treatment steps 1, 2 or 3 (methotrexate 25 mg/week plus infliximab increased from 3, 6 to 7.5mg/kg/2 
months) in group 4
Reference: patients with a BMI <25
*adjusted for gender, age, smoking habits, rheumatoid factor (RF) and baseline DAS
** p-value <0.05
Data are presented as RR (95% CI)
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Treatment groups

In groups 3 and 4, a higher risk of impaired response to therapy for patients with a high 
BMI was found with RRs of 1.55 (95% CI 1.06;2.28) and 1.42 (95% CI 0.98;2.06) for re-
sponse to the first dose. For group 3, the RR for response to the first 2 treatment steps in 
year 1 was 1.46 (95% CI 0.75;2.83). The effect of impaired response in patients with a high 
BMI was stronger in group 4: RR 2.20 (95% CI 0.99;4.92). In groups 1 and 2, no significant 
association between treatment response and BMI was observed.

Delayed infliximab

For patients initially treated with MTX+IFX in group 4 (n=120), demographic or disease 
characteristics between patients with a high and low BMI were similar at baseline (data 
not shown). In contrast, patients with a BMI≥25 who received MTX+IFX in groups 1-3 
were less often positive for ACPA and RF, 57 vs 83% and 66 vs 90% respectively, p=0.004 
and p=0.002. (table S1) They were older than patients with a BMI<25: mean age 51 vs 46, 
p 0.02. There were 32 patients with a BMI>30. Of these only 9 patients (28%) responded 
well to medication after 1 year. Of the patients in groups 1-3 with a BMI<30, 89 of 193 
responded well (46%). 
However, in crude analyses no association was seen between BMI and response to 
treatment in  patients from groups 1-3 who received delayed MTX+IFX: RR 1.11 (95% CI 
0.71;1.73) for response to first dose, and a trend was seen for response after 1 year: RR 
1.56 (95% CI 0.80;3.04). After adjusting for the misbalance in the baseline characteristics 
using propensity weighing the RR of failure to the first dose changed to 1.37 (95% CI 
0.81;2.31), the RR of failure after 1 year to 2.09 (95% CI 0.97;4.49). 

Disease activity components

In year 1, adjusted for baseline differences, patients with high BMI had higher disease 
activity (difference in DAS 0.30 (95% CI 0.15;0.45)), a higher HAQ score (difference 0.14 

Table 3: risk of not achieving a DAS ≤2.4 (on the first dose and during year 1) in patients with a high BMI 
(BMI as continuous variable) 

Crude RR Adjusted RR*

Fail on initial treatment step (all) 1.03 (1.01;1.04)** 1.02 (1.01;1.04)**

Fail on first dose MTX monotherapy 1.02 (1.002;1.03)** 1.02 (1.003;1.03)**

Fail on initial dose MTX+SSA+prednisolone 1.05 (1.01;1.09)** 1.05 (1.01;1.09)**

Fail on initial dose MTX+infliximab 1.03 (0.99;1.07) 1.03 (0.99;1.07)

Fail in year 1 (all) 1.03 (1.008;1.06)** 1.03 (1.005;1.06)**

Fail in year 1 (groups 1+2) 1.02 (1.002;1.04)** 1.02 (0.998;1.04)**

Fail in year 1 (group 3) 1.06 (0.97;1.17) 0.99 (0.99;1.16)

Fail in year 1 (group 4) 1.04 (0.97;1.11) 1.04 (0.98;1.11)

Legend of table 2 also applies to this table
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(95% CI 0.05;0.23)) and a higher VAS pain (difference 6.2 mm (95% CI 3.0;9.4)). For DAS 
components, a difference was found in tender joints (difference 1.4 (95% CI 0.6;2.2)) and 
patient’s assessment of global health (difference 4.9 mm (95% CI 1.9;7.8)), but not for 
swollen joints (difference 0.6, 95% CI -0.02;1.2).(table 4, figure 1) Radiological damage 
progression in year 1 and over 8 years follow up was similar in patients with high or low/
normal BMI: median progression.(figure 2)

DISCUSSION

In this DAS-targeted treated cohort with early RA patients, high BMI was associated with 
failure to achieve a low DAS (≤2.4) on anti-rheumatic therapy, also after adjustment for 
confounders. This was most noticeable in patients who were treated with initial combi-
nation therapy with methotrexate, either combined with prednisolone and sulfasala-
zine, or with infliximab. The association between high BMI and failure on treatment 
remained if the dose of methotrexate or infliximab was increased. After stratification for 
initial therapy (initial monotherapy with MTX in groups 1-2, initial combination therapy 
with MTX, sulfasalazine and prednisolone in group 3 or MTX and infliximab in group 4), 
patients with a high BMI who were treated with initial combination therapy were more 
likely to show a decreased response to treatment than patients with a normal BMI. This 
association was still seen after 1 year, after failure on the initial treatment had led to dose 
increases (of methotrexate in group 3 and of infliximab in group 4), but less so in group 
3 than in group 4. High BMI was also associated with failure to achieve a low DAS on 
delayed treatment with infliximab, in patients who had failed on at least 3 conventional 

Table 4: differences in disease activity and its components for patients with a BMI≥25 compared to 
patients with a BMI<25 over the first year (analyzed using linear mixed models)

Unadjusted difference Adjusted difference*

DAS 0.25 (0.10;0.40) 0.30 (0.15;0.45)

HAQ 0.13 (0.04;0.21) 0.14 (0.05;0.23)

VAS global 4.4 (1.5;7.3) 4.9 (1.9;7.8)

ESR 0.9 (-1.3;3.1) 1.3 (-0.9;3.5)

CRP 0.1 (-2.2;2.3) 0.7 (-1.5;2.9)

TJC 1.1 (0.4;1.9) 1.4 (0.6;2.2)

SJC 0.5 (-0.1;1.1) 0.6 (-0.02;1.2)

VAS pain 5.4 (2.3;8.6) 6.2 (3.0;9.4)

DAS Disease Activity Score, HAQ Health Assessment Questionnaire score, VAS visual analogue scale, ESR 
erythrocyte sedimentation rate, CRP C-reactive protein, TJC tender joint count, SJC swollen joint count
*Adjusted for rheumatoid factor, age, gender and smoking habits
Data are presented as β-estimate (95% CI)
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Figure 1: Disease Activity Score, Health Assessment Questionnaire, VAS global health, Erythrocyte 
sedimentation rate, Tender joint count, Swollen joint count, patient’s assessment of pain (on a visual 
analogue scale) and physician’s assessment of disease activity in year 1 for patients with a BMI<25 and ≥25
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DMARD. Due to more failure to achieve a low DAS on treatment, patients with high BMI 
went through significantly more treatment steps over 8 years of DAS-targeted treatment 
than patients with low/normal BMI. Failure to achieve a low DAS depended mainly on 
the pain and joint tenderness scores, which were higher in the patients with a high 
BMI, whereas joint swelling and laboratory parameters of inflammation were similar in 
patients with high or low/normal BMI. 
Recently, Klaassen et al. reported that patients with a high BMI responded less well to 
delayed treatment with fixed dose infliximab, after failure on a median of 2 DMARD.1 It 
has been suggested that this may be due to high levels of proinflammatory cytokines 
produced by adipocytes.3,4 Our results confirm that patients with a high BMI fail more 
often on infliximab, also as initial treatment, and also if the dosages are increased up to 
10 mg/kg/8 weeks. Thus, a failure to respond on infliximab in patients with higher BMI 
is not due to underdosing, which is also theoretically unlikely, since infliximab is dosed 
per kilogram and the drug remains mainly in the intravascular space,11 the volume of 
which can increase with higher BMI.12 However, our data also show patients with a high 
BMI fail more often on treatment with a combination of methotrexate, sulfasalazine and 
prednisolone, and on subsequent treatment steps during 8 years of DAS≤2.4 targeted 
treatment. Only in patients treated with initial methotrexate monotherapy, patients 
with higher BMI did not fail to achieve a low DAS more often than patients with low/
normal BMI. This might be related to the fact that in general, failure on initial methotrex-
ate monotherapy was more common than on initial combination therapy, which makes 
it harder to analyze the role of individual risk factors. 
Rather than being the result of high ESR or swollen joint counts, the higher DASs scored 
in patients with higher BMI appear to depend on pain. Higher pain scores and worse 
global health were also reported in patients with a high BMI in a large Swedish cohort.13 
There, patients with a BMI≥30 also had a higher ESR and CRP at follow up. We found no 

Figure 2: Cumulative probability plot of joint damage progression in year 0-1 and in years 0-8 for patients 
with a BMI<25 and ≥25
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association between a high BMI and higher parameters of inflammation or more joint 
swelling, but there were very few patients with a BMI≥30. 
It is possible that we underestimated joint swelling in patients with a high BMI.14 The 
higher tender joint counts in patients with a high BMI might still reflect more local 
inflammation. We previously reported that local joint tenderness is a predictor of local 
joint damage after 1 year, independent of swelling.14 This in fact supports the practice 
of using a composite score such as the DAS as treatment target, not merely joint swell-
ing. We found no differences in joint damage progression after 8 years of DAS-targeted 
treatment in patients with high or low/normal BMI. This may be due to more treatment 
adjustments (because of higher DAS) in patients with high BMI, or there may be another 
reason why patients with high BMI appear to be protected against joint damage pro-
gression.15,16 It may also be that the pain experienced by patients with high BMI does 
not reflect inflammation. We did not do routine assessments of fibromyalgia features, 
but we cannot exclude that a fibromyalgia component was present in part of these 
patients. Self-reported pain, especially musculoskeletal pain, is higher in patients with a 
high BMI, in particular with a BMI≥30, and they are more likely to report pain in multiple 
locations.5,6 The mechanism of the relationship between obesity and pain is unclear 
but it is suggested that disturbances in neurotransmitters and hormones might be, at 
least partially, responsible.7 This relation between BMI and pain may also influence the 
association between high BMI and functional disability, which was found in this cohort. 
Pain and body size itself may both interfere with the daily activities that are listed in the 
Health Assessment Questionnaire.17

In conclusion, in the DAS≤2.4 targeted BeSt study we found that RA patients with a 
higher BMI fail more often than patients with low/normal BMI to achieve a low DAS on 
anti-rheumatic treatment. This resulted in more treatment adjustments over time. The 
higher DASs were mainly dependent on joint tenderness and self reported pain and 
wellbeing, and were associated with less functional ability, but not with more damage 
progression over time. 
In treat to target strategies, finding a high DAS based on inflammation or on non-
inflammatory pain may have different therapeutic consequences. Additional research 
including advanced imaging techniques and biomarker studies may further elucidate 
the relation between BMI and failure to treatment, thus helping us to decide how we can 
best treat our individual patients.
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Table S1: baseline characteristics of patients in groups 1-3 who received delayed treatment with 
methotrexate+infliximab for patients with a BMI<25 and patients with a BMI ≥25

BMI*, delayed MTX+infliximab in groups 1-3 BMI<25
n=40

BMI≥25
n=67

p-value

Female, n (%) 30 (75) 50 (75) 0.97

Age, mean ± SD 46 ± 13 51 ± 12 0.02

BMI, mean ± SD 22.1 ±2.2 29.3 ±3.3 <0.001

Group 1
Group 2
Group 3

21 (53)
7 (18)
12 (30)

34 (51)
13 (19)
20 (30)

0.97

Symptom duration, wks 27 (15-67) 28 (17-56) 0.8

ACPA-positive, n (%) 33 (83) 36 (57) 0.004

RF positive, n (%) 36 (90) 44 (66) 0.005

DAS, mean ± SD 4.6 ± 0.8 4.6 ± 0.9 0.96

HAQ, mean ± SD 1.4 ± 0.6 1.4 ± 0.7 0.8

SHS, median (IQR) 2.5 (0.5-10.5) 2.5 (1.0-8.0) 0.8

ESR, median (IQR) 37 (24-62) 33 (21-55) 0.5

CRP, median (IQR) 23 (9-84) 20 (8-59) 0.2

TJC, median (IQR) 14 (9-20) 15 (11-21) 0.3

SJC, median (IQR) 15 (11-20) 13 (10-18) 0.3

VAS global, mean ± SD 50 ± 23 54 ±19 0.8

VAS physician, mean ± SD 58 ± 17 56 ±18 0.5

VAS pain, mean ± SD 56 ± 24 59 ±21 0.5

VAS morning stiffness,   mean ± SD 64 ± 22 61 ±21 0.3

Smokers, n (%) 17 (43) 25 (37) 0.6

Alcohol users, n (%) 14 (35) 30 (45) 0.3

SD standard deviation, BMI body mass index, ACPA anti-citrullinated protein antibodies, RF rheumatoid 
factor, DAS disease activity score, HAQ health assessment questionnaire score, SHS Sharp-van der Heijde 
Score, IQR interquartile range, ESR erythrocyte sedimentation rate, CRP C-reactive protein, TJC tender joint 
count, SJC swollen joint count, VAS visual analogue scale 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

81

BMI and treatment response

6

REFERENCE LIST

	 1.	 Klaasen R, Wijbrandts CA, Gerlag DM, Tak PP. Body mass index and clinical response to infliximab 
in rheumatoid arthritis. Arthritis Rheum 2011;63:359-64.

	 2.	 Gremese E, Carletto A, Padovan M et al. Obesity reduces the response rate to anti TNFalpha in 
rheumatoid arthritis. an approach to a personalized medicine. Arthritis Care Res (Hoboken ) 2012.

	 3.	 Camhi SM, Bray GA, Bouchard C et al. The relationship of waist circumference and BMI to visceral, 
subcutaneous, and total body fat: sex and race differences. Obesity (Silver Spring) 2011;19:402-8.

	 4.	 Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Spiegelman BM. Increased adipose tissue ex-
pression of tumor necrosis factor-alpha in human obesity and insulin resistance. J Clin Invest 
1995;95:2409-15.

	 5.	 Hitt HC, McMillen RC, Thornton-Neaves T, Koch K, Cosby AG. Comorbidity of obesity and pain in a 
general population: results from the Southern Pain Prevalence Study. J Pain 2007;8:430-6.

	 6.	 Pradalier A, Willer JC, Boureau F, Dry J. Pain and obesity. Lancet 1980;1:1090-1.
	 7.	 Ursini F, Naty S, Grembiale RD. Fibromyalgia and obesity: the hidden link. Rheumatol Int 

2011;31:1403-8.
	 8.	 Goekoop-Ruiterman YP, de Vries-Bouwstra JK, Allaart CF et al. Clinical and radiographic outcomes 

of four different treatment strategies in patients with early rheumatoid arthritis (the BeSt study): 
a randomized, controlled trial. Arthritis Rheum 2005;52:3381-90.

	 9.	 World Health Organization. BMI classification criteria. WHO Website 2011; http://apps.who.int/
bmi/index.jsp?introPage=intro_3.html.

	 10.	 Zou G. A modified poisson regression approach to prospective studies with binary data. Am J 
Epidemiol 2004;159:702-6.

	 11.	 Klotz U, Teml A, Schwab M. Clinical pharmacokinetics and use of infliximab. Clin Pharmacokinet 
2007;46:645-60.

	 12.	 Blouin RA, Warren GW. Pharmacokinetic considerations in obesity. J Pharm Sci 1999;88:1-7.
	 13.	 Ajeganova S, Andersson ML, Hafstrom I. Obesity is associated with worse disease severity in 

rheumatoid arthritis as well as with co-morbidities - a long-term follow-up from disease onset. 
Arthritis Care Res (Hoboken ) 2012.

	 14.	 Klarenbeek NB, Guler-Yuksel M, van der Heijde DM et al. Clinical synovitis in a particular joint is 
associated with progression of erosions and joint space narrowing in that same joint, but not in 
patients initially treated with infliximab. Ann Rheum Dis 2010;69:2107-13.

	 15.	 van der Helm-van Mil AH, van der Kooij SM, Allaart CF, Toes RE, Huizinga TW. A high body mass in-
dex has a protective effect on the amount of joint destruction in small joints in early rheumatoid 
arthritis. Ann Rheum Dis 2008;67:769-74.

	 16.	 Westhoff G, Rau R, Zink A. Radiographic joint damage in early rheumatoid arthritis is highly 
dependent on body mass index. Arthritis Rheum 2007;56:3575-82.

	 17.	 Backholer K, Wong E, Freak-Poli R, Walls HL, Peeters A. Increasing body weight and risk of limita-
tions in activities of daily living: a systematic review and meta-analysis. Obes Rev 2011.




