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Clinical Responses and Synovial Vascularity in Obese
Rheumatoid Arthritis Patients Treated with
Adalimumab and Methotrexate
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and Veena K. Ranganath

ABSTRACT. Objective. Obese patients with rheumatoid arthritis (RA) report more joint swelling and tenderness
and often have poorer responses to therapy than nonobese patients. The aim of this posthoc analysis
of the MUSICA trial was to compare imaging and clinical disease activity measures in obese and
nonobese patients with RA.
Methods. MUSICA evaluated methotrexate (MTX) 20 mg/week versus 7.5 mg/week in combination
with adalimumab (ADA) in RA patients with an inadequate response to MTX. Patients were catego-
rized by baseline body mass index as normal (< 25), overweight (≥ 25 to < 30), or obese (≥ 30).
Synovial vascularity and hypertrophy, swollen and tender joint counts (SJC and TJC), American
College of Rheumatology (ACR) responses, and low disease activity (LDA), defined as Clinical
Disease Activity Index < 10 and 28-joint count Disease Activity Score using C-reactive protein
(DAS28-CRP) < 3.2, were assessed at weeks 12 and 24.
Results. Patient characteristics were similar among groups at baseline. Obese patients had numerically
smaller changes from baseline to weeks 12/24 in SJC, TJC, DAS28-CRP, and synovial hypertrophy
and vascularity versus nonobese patients. Significantly fewer obese patients reached ACR20/50 at
weeks 12 and 24, and LDA at Week 12; this difference was especially apparent in patients receiving
7.5 mg/week MTX but was no longer significant at Week 24.
Conclusion. Obese patients with RA had worse clinical and ultrasonographic responses than nonobese
patients, which were partly overcome with time. Obese patients may experience better and faster
clinical improvements if ADA is initiated with high-dose (20 mg/week) rather than low-dose MTX.
[ClinicalTrials.gov: NCT01185288] (J Rheumatol First Release September 1 2018; doi:10.3899/
jrheum.171232)
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The prevalence of obesity has risen worldwide over the past
2 decades1. Because adipose tissue may independently
contribute to systemic inflammation and release mediators of
inflammation2,3,4, patients with rheumatoid arthritis (RA)
who are overweight or obese may have elevated levels of
inflammatory cytokines, such as interleukin (IL-) 6 and tumor
necrosis factor (TNF)-α, beyond those attributable to RA4,5.
A recent study also demonstrated greater body mass index
(BMI) was associated with higher C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR) in female patients
with RA. These markers of inflammation were significantly
higher among women with severe obesity (BMI ≥ 35 kg/m2)
compared with women with normal BMI6. Obese patients
with RA may also have poorer outcomes, and it has been
reported that obese patients do not respond as well to
treatment with corticosteroids or anti-TNF agents compared
with nonobese patients with RA7,8,9,10.
    Obesity is associated with a higher likelihood of pain and
chronic pain syndromes11,12 and could present a barrier to the
accuracy of clinical examination and patient-reported out -
comes. Radiographic measures in obese patients show less
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joint damage than in patients with normal BMI13,14,15,
suggesting that clinical measures of swollen joints may not
accurately represent true synovitis, and clinical overesti-
mation may be confounding the scores. This was evident in
a recent study that demonstrated that joint synovitis in obese
patients was overestimated by clinical measures16.
Musculoskeletal ultrasound (US) has demonstrated higher
sensitivity than clinical measures in identifying synovitis17
and can assess synovial hypertrophy and vascularity of the
pannus18. Thus, US may present an additional tool to aid in
detection of joint inflammation in obese patients with RA.
However, data in this area are limited. 
    The MUSICA trial assessed clinical and ultrasonographic
outcomes in patients with RA who had an inadequate
response to methotrexate (MTX) and initiated adalimumab
(ADA) treatment in combination with low- or high-dose
MTX19,20. The objective of this posthoc analysis of data from
the MUSICA trial was to provide a better understanding of
the utility of US in the clinical management of obese patients
with RA by comparing clinical and imaging disease activity
measures and treatment responses in obese and nonobese
patients. The effect of low- and high-dose MTX was also
assessed. 

MATERIALS AND METHODS
Patients and studies. MUSICA (ClinicalTrials.gov: NCT01185288) was a
phase IV, double-blind, randomized trial in patients with moderate to severe
RA and an inadequate response to MTX (≥ 15 mg/week MTX for 
≥ 12 weeks)19. Patients were randomized to initiate treatment with open-
label, subcutaneous ADA 40 mg every other week in combination with
double-blind, oral MTX 7.5 mg/week (low dose) or 20 mg/week (high dose)
for 24 weeks19. This study was conducted in the United States, including
Puerto Rico, in accordance with the protocol of the International Conference
on Harmonisation, and ethical principles from the Declaration of Helsinki.
The study was approved by the ethics review board of the main institution
(Western Institutional Review Board; date of approval: September 24, 2010;
ethics approval/site number: W170359577) and ethics review boards of each
additional center that participated in the study, and all patients provided
written informed consent.
Clinical and US assessments and statistical analysis. Data as observed were
used for these analyses; last observation carried forward was examined for
most of the analyses for sensitivity. Patients were grouped according to
baseline BMI into 3 groups: normal (BMI < 25 kg/m2), overweight (BMI 
≥ 25 to < 30 kg/m2), and obese (BMI ≥ 30 kg/m2). Inclusion and exclusion
criteria have been described previously19. These variables were assessed at
weeks 12 and 24: swollen joint count for 66 joints (SJC66), tender joint count
for 68 joints (TJC68), 28-joint count Disease Activity Score using CRP
(DAS28-CRP), and number of patients achieving low disease activity
(LDA), defined as DAS28-CRP < 3.2 or Clinical Disease Activity Index
(CDAI) ≤ 10, and 20% or 50% improvement in the American College of
Rheumatology criteria (ACR20/50). Quality of life in the BMI groups was
evaluated with the Medical Outcomes Study Short Form-36 (SF-36) physical
and mental component summaries (PCS and MCS), and physical function
was assessed using the Health Assessment Questionnaire-Disability Index
(HAQ-DI) at weeks 12 and 24.
      US was used to assess changes in synovial hypertrophy and synovial
vascularity, and these data have been previously published20. Briefly,
synovial vascularity and hypertrophy were measured by power Doppler and
greyscale, respectively, bilaterally at metacarpophalangeal joints 2, 3, and
5; metatarsophalangeal joint 5; and wrists using Esaote MyLab 5 machines

(Esaote North America Inc.), with settings in the same range. Images were
deidentified and scored centrally. A semiquantitative scoring system (range
0–3) incorporating Outcome Measures in Rheumatology (OMERACT)
definitions was used to measure synovial vascularity21. Greyscale images
were scored on a scale of 0 to 3. 
      The correlation between SJC66 or TJC68 and synovial vascularity or
synovial hypertrophy at baseline, Week 12, and Week 24 were assessed by
Pearson correlation coefficients. The correlations between swelling or
tenderness and synovial vascularity or synovial hypertrophy at baseline,
Week 12, and Week 24 were also assessed at each individual joint by
Spearman’s correlation coefficients. The chi-square test was used for
categorical variables; analysis of covariance adjusting for baseline,
treatment, and BMI group was used for continuous variables. Additional
analyses were performed to adjust for baseline covariates. Logistic
regression analysis was used to assess effect of BMI group on ACR 20/50
response at weeks 12 and 24, and mixed effects linear regression analysis
was used to assess effect of BMI group on DAS28-CRP, CDAI, synovial
vascularity, and synovial hypertrophy at weeks 12 and 24. A number of
covariates were tested for inclusion in the models, including baseline age,
race, sex, disease activity (DAS28-CRP, CDAI, and Simplified Disease
Activity Index), rheumatoid factor, anticyclic citrullinated peptide seropos-
itivity, prior use of biologic and conventional synthetic disease-modifying
antirheumatic drug (DMARD), SJC66, TJC68, duration of RA, US hyper-
trophy and vascularity, smoking status, and BMI. Stepwise variable selection
of the covariates was used for the regression analyses. 

RESULTS 
Baseline disease characteristics of patients in the 3 BMI
groups. Overall, 309 patients were enrolled in MUSICA; 1
patient did not have BMI data at baseline and was excluded
from this analysis. Of the 308 patients included in this
analysis, 69 patients (22.4%) were in the normal BMI group,
102 patients (33.1%) were in the overweight BMI group, and
137 patients (44.5%) were in the obese group at baseline. No
significant differences were observed in baseline disease
characteristics and US disease assessments between the 3
BMI groups, with the exception of SF-36 MCS (p < 0.033;
Table 1). In the normal and overweight groups, men had
numerically higher mean CRP levels at baseline compared
with women (18.9 vs 10.1 mg/l and 21.7 vs 14.6 mg/l, respec-
tively). In contrast, in the obese group, women had slightly
higher mean CRP levels compared with men (14.9 vs 11.5
mg/l). However, differences by BMI group and sex were not
significant (p = 0.139). 
Clinical and functional outcomes in patients in the 3 BMI
groups at 12 and 24 weeks. Compared with patients in the
normal and overweight categories, significantly fewer obese
patients taking the concomitant low-dose MTX (7.5
mg/week) reached ACR20 and ACR50 at weeks 12 and 24
and CDAI LDA at Week 12; the difference for CDAI LDA
was no longer significant by Week 24 (Figure 1). Similar, but
not significant, findings were observed when LDA was
defined by DAS28-CRP. When assessed for quality of life
and physical function outcomes, patients in the overweight
and obese groups had numerically higher HAQ-DI and lower
SF-36 PCS scores at weeks 12 and 24, indicating greater
disability/physical limitations, and numerically smaller
improvements from baseline in HAQ-DI compared with
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patients in the normal BMI group (data not shown). No trends
were apparent for SF-36 MCS across the BMI groups. After
12 and 24 weeks of treatment with ADA in combination with
low- or high-dose MTX, obese patients tended to have
numerically smaller mean changes from baseline in SJC66,
TJC68, DAS28-CRP, and CDAI compared with patients in
the normal and overweight categories (Supplementary Figure
1, available with the online version of this article). The
clinical outcomes in the low-dose MTX patients showed a
numerical trend toward lower response with increasing BMI,
with no statistically significant differences observed.
US outcomes and correlation with clinical outcomes in
patients in the BMI groups. Compared with patients in the
normal and overweight categories, obese patients who
received low-dose MTX had significantly less improvement
from baseline to weeks 12 and 24 in synovial hypertrophy 
(p = 0.002 and p = 0.03, respectively) and numerically
smaller changes in synovial vascularity (Figure 2). No signifi -
cant differences in improvement from baseline by BMI group
were observed in the patients who received high-dose MTX.
    The Pearson correlations were low between overall
synovial vascularity or hypertrophy scores and clinical
findings of swelling and tenderness for 28 joints in all 3 BMI
groups at baseline, Week 12, and Week 24. At the individual
joint level, the most consistent and significant correlation
between clinical joint swelling and synovial vascularity was

observed at the wrist joint in the normal BMI group at
baseline, Week 12, and Week 24 (0.313–0.376, p < 0.01); no
consistent and significant correlations were found for the
overweight and obese BMI groups. The difference in the SJC
between all BMI groups was also significant only at the wrist
at all 3 timepoints. The proportion of patients with no
synovial vascularity in the 3 BMI groups at weeks 12 and 24
was not statistically different.
Regression analysis adjusted for baseline covariates. Logistic
regression analysis adjusted for baseline covariates showed
that obese patients who received low-dose MTX had signifi -
cantly lower probability of achieving ACR20 response
compared with patients in the normal and overweight BMI
groups at weeks 12 and 24 (Figure 3A and 3C). Similar
results were observed with the ACR50 response (Figure 3B
and 3D). A similar numerical trend was also observed in a
mixed effect linear regression model for CDAI, DAS28-CRP,
and synovial hypertrophy and vascularity (Supplementary
Table 1, available with the online version of this article);
obese patients who received low-dose MTX had significantly
higher CDAI scores at Week 24 and less improvement in
synovial hypertrophy at weeks 12 and 24 (p < 0.05 for all)
versus patients in the overweight group. Differences were not
significant for the obese versus normal BMI groups. Patients
who received high-dose MTX did not have significant differ-
ences in probability of achieving ACR20 or ACR50 response
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Table 1. Baseline disease characteristics of patients in the normal, overweight, and obese BMI categories. 

Characteristics                            Normal (BMI     Overweight (BMI ≥ 25 to          Obese (BMI                   p◊
                                                                     < 25), n = 69               < 30), n = 102                  ≥ 30), n = 137

Female, n (%)                                 46 (67)                     77 (75)                        108 (79)                     
SJC66                                          19.0 (13.3)               18.2 (10.6)                    18.2 (9.8)                0.862
SJC28                                           13.0 (6.0)                 12.3 (5.8)                     11.8 (5.5)                0.358
TJC68                                          30.0 (17.6)               29.8 (16.1)                   33.0 (17.4)               0.268
TJC28                                           16.2 (7.3)                 15.8 (7.2)                     16.5 (7.2)                0.763
CRP, mg/l                                    13.0 (22.5)               16.3 (25.3)                   14.2 (17.3)               0.583
     Female                                    10.1 (18.3)               14.6 (22.9)                   14.9 (18.9)                   
     Male                                        18.9 (28.7)               21.7 (31.2)                    11.5 (9.1)                    
DAS28-CRP*                                5.8 (1.0)                   5.8 (1.0)                       5.9 (0.9)                 0.762
CDAI†                                                       41.9 (13.5)               40.2 (13.5)                   41.0 (12.2)               0.692
HAQ-DI‡                                                    1.4 (0.6)                   1.5 (0.6)                       1.5 (0.6)                 0.288
Synovial hypertrophy                   34.6 (7.4)                 34.0 (7.4)                     33.1 (7.2)                0.346
     Median (range)                   35.0 (8.0–46.0)        35.0 (1.5–47.5)            34.5 (6.0–45.0)                
Synovial vascularity                      6.1 (5.5)                   6.5 (6.0)                       5.2 (4.8)                 0.143
     Median (range)                    5.5 (0.0–26.5)          5.0 (0.0–25.0)              4.0 (0.0–25.5)                 
SF-36 PCS§                                              33.3 (8.4)                 31.7 (9.1)                     30.6 (8.0)                0.113
SF-36 MCS§                                           44.1 (13.2)                45.6 (11.9)                   41.3 (13.1)               0.033

Observed data are reported. Data are mean (SD) unless indicated otherwise. ◊ P value for differences
between groups from 1-way ANOVA. * Overweight group, n = 100; obese group, n = 133. 
† Overweight group, n = 100; obese group, n = 132. ‡ Overweight group, n = 101; obese group, n =
135. § Normal group, n = 68; overweight group, n = 100; obese group, n = 134. BMI: body mass index;
CDAI: Clinical Disease Activity Index; CRP: C-reactive protein; DAS28-CRP: 28-joint count Disease
Activity Score using CRP; HAQ-DI: Health Assessment Questionnaire–Disability Index; MCS: mental
component summary; PCS: physical component summary; SF-36: Medical Outcomes Study Short
Form-36; SJC66: swollen joint count at 66 joints; SJC28: SJC at 28 joints; TJC68: tender joint count
at 68 joints; TJC28: TJC at 28 joints.
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(Figure 3) or CDAI, DAS28-CRP, and synovial hypertrophy
and vascularity assessments at weeks 12 and 24 (Supple -
mentary Table 1) in any of the BMI group comparisons,
except for DAS28-CRP at Week 12, which was significantly
lower in patients with normal BMI versus patients in the
obese group (p < 0.05). These results are consistent with the
results of the logistic regression analysis.

DISCUSSION
The MUSICA trial demonstrated that significantly fewer
obese patients with RA who initiated ADA with concomitant
low-dose MTX (7.5 mg/week) achieved ACR20, ACR50,
and CDAI LDA responses, and a numerically smaller number
achieved a DAS28-CRP LDA response at Week 12 compared
with patients in the normal and overweight categories.
However, these effects were less pronounced by Week 24.
Further, obese patients with RA who received concomitant

low-dose MTX also had significantly less improvement in
synovial hypertrophy, although the improvements in synovial
vascularity were not statistically different compared with the
overweight and normal BMI groups. These differences
between BMI groups were less apparent in patients who
received a concomitant MTX dose of 20 mg/week.
    Based on a previous study, obese patients with RA may
have poorer outcomes than patients with normal weight7. Our
results of the MUSICA trial showed a similar trend and
suggest that overweight and obese patients in the low MTX
group, but not in the high MTX group, may have less
improvement in clinical disease activity compared with
patients in the normal BMI group. Further, obese patients had
less improvement in synovial hypertrophy and vascularity,
both of which are indicative of inflammatory activity in the
joint and could be a precursor to joint damage. This is inter-
esting considering the finding that obese patients have less
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Figure 1. Proportions of patients in the 3 BMI groups achieving 20% or 50% improvement in ACR scores or DAS28-CRP LDA or CDAI
LDA at weeks 12 or 24. Observed data. Dosage refers to methotrexate/week. P values for comparison between BMI groups: * p < 0.05;
** p < 0.01 using chi-square test. ACR20/50: American College of Rheumatology criteria for 20% improvement/50% improvement;
BMI: body mass index; DAS28-CRP: 28-joint count Disease Activity Score based on C-reactive protein; CDAI: Clinical Disease Activity
Index; LDA: low disease activity.
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radiographic progression than nonobese patients upon
treatment with anti-TNF and synthetic DMARD13,14,15. In
general, synovial vascularity and hypertrophy did not
correlate well with joint swelling or tenderness, regardless of
BMI, indicating that the US assessments offered an
advantage as a more accurate reflection of true synovitis.
These results suggest that musculoskeletal US is effective for
evaluating response in obese patients with RA; further studies
are required to confirm this. Of note, the MUSICA trial
analyzed the role of US imaging only and no radiographic
data were collected; therefore, the correlation of US changes
with subsequent radiographic progression could not be
evaluated in this analysis. 
    Because of the high prevalence of obesity in the general
population, treatment outcomes and disease management in
obese patients are of interest. Obesity is associated with
increased recruitment of macrophages and other immune
cells22,23,24 as well as expression of inflammatory cytokines,
including IL-6 and TNF-α, which may result in a systemic
inflammatory state2,3,4,5. Adiposity may also increase inflam-
matory markers (CRP and ESR) independently of RA
activity, especially among obese women6. This may explain
our findings that female patients in the obese group (BMI 
≥ 30 kg/m2) had slightly higher mean CRP levels compared
with women with normal weight, whereas CRP levels were
lower in obese men compared with men in the normal and
overweight groups.
    Our data are also consistent with previous cohort and
registry studies that have demonstrated less improvement after
treatment with anti-TNF agents among patients with a higher

BMI compared with patients with a normal BMI8,9,25.
Although BMI does not seem to influence trough levels of
anti-TNF agents, a trend toward a lower ADA trough level
was observed with a BMI > 30 among patients with inflam-
matory bowel disease26. Increased body weight has been
reported to be associated with increased clearance of both
ADA27 and MTX28, although significant intersubject
variability in the pharmacokinetics of each drug is also
reported. Further, in the CONCERTO trial, ADA concen-
tration decreased with increased body weight29. However,
because MTX was shown to reduce ADA clearance by 44%
in patients with RA receiving multiple doses of ADA (40 mg
every other week), resulting in mean steady-state ADA trough
concentrations of about 5 μg/ml (without MTX) and 
8–9 μg/ml (with MTX), it is unclear whether ADA clearance
is also affected with increasing body weight when it is
co-administered with MTX30. Overall, further studies are
needed to obtain these results and to determine whether
obesity directly leads to worsened outcomes in patients with
RA, or whether these outcomes are associated with the subop-
timal doses of ADA and/or MTX seen in heavy patients.
    The accumulation of intracellular MTX polyglutamate
(MTX-PG) chains has been found to affect the efficacy of
treatment in RA31,32,33. BMI was demonstrated to have a
significant effect on MTX-PG accumulation in a recent study
in a Japanese population; MTX-PG levels were significantly
higher in the normal BMI group versus the overweight BMI
group34. This may explain the better outcomes observed in
nonobese versus obese patients in our study. MTX treatment
was also associated with reduced levels of TNF-α, IL-6, and
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Figure 2. Mean change from baseline to weeks 12 and 24 in synovial hypertrophy and synovial vascularity per BMI group. Dosage refers to
methotrexate/week. P values for comparison between BMI groups: * p < 0.05; ** p < 0.01. ANCOVA adjusting for baseline, treatment, and BMI
group was used for continuous variables. BMI: body mass index.
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Figure 3. Logistic regression analysis of Week 12 (A) ACR20
and (B) ACR50 responses, and Week 24: (C) ACR20 and (D)
ACR50 responses per BMI and MTX dose groups. BMI
groups: normal (BMI < 25), overweight (BMI ≥ 25 to < 30),
and obese (BMI ≥ 30). Observed data. P values for
comparison between BMI groups: * p < 0.05. BMI and
treatment and interaction were always included in the model
to allow analyses by these factors. Selected covariates in the
final models included CRP, SJC66, and TJC68 for the CDAI
model; SJC66 and TJC68 for the DAS28-CRP model;
anticyclic citrullinated peptide status, HAQ-DI, and synovial
hypertrophy for the synovial hypertrophy model; and
synovial vascularity for the synovial vascularity model.
Stepwise selection of baseline covariates was performed with
forward inclusion p value cutoff of 0.1 and backward elimi-
nation p value cutoff of 0.05 from the following covariates:
age, sex, race, rheumatoid factor, smoking status, anticyclic
citrullinated peptide status, HAQ-DI, CRP (mg/l), physician’s
global assessment, patient’s global assessment, patient
assessment of pain, SJC66, TJC68, CDAI, DAS28-CRP,
SDAI, ultrasound bony erosion, synovial hypertrophy,
synovial vascularity, prior biologic DMARD, prior synthetic
DMARD, prior NSAID, prior corticosteroid, baseline
systemic corticosteroid use, prior MTX dose, BMI, and RA
duration at first dose. ACR20/50: American College of
Rheumatology criteria for 20%/50% improvement; BMI:
body mass index; CDAI: Clinical Disease Activity Index;
CRP: C-reactive protein; DAS28-CRP: 28-joint count
Disease Activity Score based on CRP; DMARD: disease-
modifying antirheumatic drug; HAQ-DI: Health Assessment
Questionnaire-Disability Index; MTX: methotrexate; SDAI:
Simplified Disease Activity Index; SJC66: swollen joint
count at 66 joints; TJC68: tender joint count at 68 joints;
NSAID: nonsteroidal antiinflammatory drug; RA:
rheumatoid arthritis.
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leptin in obese mice35. However, it is not known whether
MTX reduces systemic cytokines in a dose-dependent
manner in humans.
    Limitations of our present study include the posthoc
features of the analyses. The patients enrolled in the
MUSICA study had established RA (mean ± SD RA duration:
5.3 ± 7.6 yrs)19, and it is not clear whether similar effects
would be observed in patients with early RA. Also, patients
in MUSICA received MTX at stable doses ≥ 15 mg/week for
12 weeks prior to the study; it cannot be ruled out that the
effects observed here might be affected in part by prior MTX
dosing, especially the longer persisting MTX-PG derivatives.
However, this posthoc analysis of the MUSICA dataset is of
value because this trial evaluated a large US cohort of
patients with RA.
    The study design of MUSICA uniquely allowed us to use
clinical and US measures to assess the effect of 2 doses of
MTX concomitantly administered with ADA in patients who
were of normal weight, overweight, or obese. Our data
indicate that obese patients with RA had poorer clinical and
synovial hypertrophy responses than nonobese patients and
may have better clinical benefit if ADA is initiated with
concomitant MTX at doses higher than 7.5 mg/week. 
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