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Background/Aims: To explore the associations between body composition and 
pain, disease activity, and disability in rheumatoid arthritis (RA).
Methods: The study enrolled 335 patients with RA and underwent body composi-
tion measurement with an InBody analyzer. The associations of body mass index 
(BMI), body fat mass, and skeletal muscle mass with disease activity score in 28 
joints (DAS28), an index derived to measure the subjective component of DAS28 
(DAS28-P), a pain visual analogue scale (VAS), and disability measured with the 
health assessment questionnaire (HAQ) were explored. Obesity was defined as 
BMI ≥ 25 kg/m2.
Results: The median (interquartile range) disease duration was 6 years (3.5 to 9) 
and the mean DAS28 score was 3.6 ± 1.1. The mean BMI was 23.6 ± 3.6 kg/m2 and 
109 patients (32.5%) were obese. Compared with non-obese patients, obese patients 
had a higher C-reactive protein (1.68 mg/dL vs. < 0.1 mg/dL, p = 0.013), higher pain 
VAS score (40 vs. 35, p = 0.031), and higher DAS28-erythrocyte sedimentation rate 
score (3.75 ± 1.18 vs. 3.46 ± 1.11, p = 0.031). In multivariate regression analysis, the 
DAS28 score in females was positively associated with the current steroid dose, 
body fat mass, and HAQ score, while the HAQ score in females was associated 
with older age, DAS28, lower skeletal muscle mass, and higher body fat/skeletal 
muscle ratio. In the multivariate regression analysis, the DAS28-P score in fe-
males was positively associated with body fat/skeletal muscle ratio and HAQ.
Conclusions: Body composition, such as the body fat mass and body fat/skeletal 
muscle ratio, is significantly associated with disease activity and disability in fe-
male RA patients.
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Association of body composition with disease  
activity and disability in rheumatoid arthritis
Kyeong Min Son1, Seong Hun Kang2, Young Il Seo2, and Hyun Ah Kim2

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory 
arthritis characterized by the involvement of multiple 
joints and significant disability. RA is associated with 
considerable changes in body composition, the lip-
id profile, adipokine levels, and insulin sensitivity [1]. 
RA patients had a lower lean mass and higher body fat 
mass than healthy people, which is called rheumatoid 

cachexia [2]. The decrease in lean mass and increase in 
truncal fat mass in RA can lead to negative metabolic 
consequences, including insulin resistance, diabetes, 
hypertension, and cardiovascular disease (CVD) [3,4]. 
Obesity is also associated with the abnormal expression 
of cytokines and adipokines (e.g., tumor necrosis factor 
α [TNF-α], interleukin 6 [IL-6], adiponectin, and leptin), 
which leads to systemic inflammation [5]. These results 
suggest that changes in body fat composition are not 
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only the result of decreased physical activity due to RA 
but may also aggravate the inflammation and co-mor-
bidities. A recent meta-analysis reported an association 
between a high body mass index (BMI) and greater dis-
ease activity, as well as lower odds of achieving remis-
sion in RA [6,7]. In addition, obese RA patients have 
worse pain scores than non-obese patients [6,8,9]. These 
studies mainly included Caucasian patients who have 
significant differences in BMI and body composition 
compared with Asians. Moreover, most of the previous 
work analyzed the relationship between BMI and dis-
ease activity without accounting for body composition. 
To our knowledge, the relationship between BMI or 
body composition and disease activity has been scarcely 
reported in Asian patients. In previous research on the 
relationship between fat mass and pain in RA, thigh fat 
measured by quantitative computed tomography (CT) 
was significantly associated with a higher health assess-
ment questionnaire (HAQ) score and lower short Form 
36 health survey physical functioning score [4].

Therefore, in this study, we explored the associations 
of RA disease activity, pain, and HAQ score with BMI, 
body fat mass, and muscle mass. We hypothesized that 
a higher fat mass would be associated with RA disease 
activity, disability, and pain.

METHODS

This study was cross sectional and enrolled patients di-
agnosed with RA who met the 1987 or 2010 American 
College of Rheumatology criteria and visited the Rheu-
matology Clinic of Hallym University Sacred Heart 
Hospital (Anyang, Korea) from January 2016 to March 
2017. On the same day, disease activity was evaluated 
with the Disease Activity Score 28 (DAS28) and body 
composition was measured with an InBody 720 analyz-
er (InBody, Seoul, Korea). The study and use of patient 
data were approved by the Ethics Committee of Hal-
lym University Medical Center (approval no.: HALLYM 
2018-03-028-001). Because this study used data collected 
retrospectively in the course of usual care, the need for 
patient consent was waived. Clinical data, such as age, 
sex, disease duration, and medications (glucocorticoids), 
were retrieved from the electronic medical records. 
Laboratory data collected included the C-reactive pro-

tein (CRP) level, erythrocyte sedimentation rate (ESR), 
rheumatoid factor (RF) positivity, and anti-citrullinated 
protein antibody (anti-CCP) positivity. RF and anti-CCP 
positivity were measured at the first clinic visit. Pain 
and functional status were evaluated with a pain visual 
analogue scale (VAS) and the health assessment ques-
tionnaire (HAQ). Co-morbidity health information was 
self-reported and included hypertension (HTN), and 
diabetes mellitus. The DAS28-P score, which measures 
the contribution of patient-reported subjective compo-
nents within the DAS28, was obtained together with the 
DAS28-ESR [10]. Previously, we found that RA patients 
with high DAS28-P scores were less likely to achieve 
good European League Against Rheumatism responses 
6 months after treatment initiation and tended not to be 
classified as good responders despite the normalization 
of objective measures [11].

The DAS28-ESR and DAS28-P scores were calculated 
using the following formulas.

DAS28-ESR = 0.56 × sqrt (Tender) + 0.28 × sqrt (Swol-
len) + 0.70 × ln (ESR) + 0.014 × (VAS)

DAS28-P score = [0.56 × sqrt (Tender) + 0.014 × (VAS)] 
/ 0.56 × sqrt (Tender) + 0.28 × sqrt (Swollen) + 0.70 × ln 
(ESR) + 0.014 × (VAS)

Body mass index (BMI) was calculated as weight in 
kilograms divided by height in meters squared, and cat-
egorized as non-obese (BMI < 25) or obese (BMI ≥ 25). 
The body composition measurements included body fat 
mass (kg), skeletal muscle mass (kg), and the fat/skeletal 
muscle mass ratio.

Statistical analysis
Data with normal distributions were reported as the 
mean ± SD and as the median (interquartile range 
[IQR]) otherwise. We compared two groups using the 
Mann-Whitney U test for continuous data and the chi-
square test for categorical data. Linear or ordinal logis-
tic regressions were constructed separately by gender. 
The DAS28 and DAS28-P scores showed normal distri-
butions, so linear regression analysis was applied. For 
multivariate models in linear regression, the backward 
selection method was used. Since the correlation coeffi-
cient between BMI and body fat mass was high (r = 0.74), 
we chose fat mass over BMI for the multivariate regres-
sion analysis when both BMI and body fat mass showed 
significant correlations. Because the pain VAS and HAQ 
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score did not follow normal distributions, we divided 
them into tertiles for regression analysis. Ordinal lo-
gistic regression was applied. Multivariate models were 
constructed with covariates carried over from univariate 
models that showed significance at p ≤ 0.05. Missing data 
were handled using an imputation method that replaces 
missing values with the mean of the variables for all oth-
er cases. Significance was defined as p < 0.05 for all tests. 
The analyses were performed using IBM SPSS Statistics 
for Windows version 23.0 (IBM, Armonk, NY, USA).

RESULTS

Table 1 summarizes the characteristics of the 335 pa-
tients. Their mean age was 56 years and 84.8% were fe-
male. The median duration of disease was 6 years (IQR, 
3.5 to 9). At the time of assessment, steroids were used 
in 75.2% of the patients at a mean daily dose of 3.2 mg 
of prednisolone. The mean DAS28-ESR score was 3.6 ± 
1.1. Obesity defined as BMI ≥ 25 was present in 32.5% 
of the subjects. Obese patients had higher inflamma-
tory markers (CRP and ESR), higher disease activity 
measured with the DAS28, and a higher pain VAS than 
non-obese patients (Supplementary Table 1). In male 
patients, obese patients were younger compared to non-
obese patients. On the other hand, in females, obese 
patients were older, had lower seropositivity and higher 
ESR, CRP, DAS28, and pain VAS score than non-obese 
patients (Table 1).

First, regression analysis was performed to elucidate 
parameters that are associated with DAS28, pain VAS, 
HAQ score and DAS28-P (Supplementary Tables 2-5). 
DAS28 was significantly associated with sex, current ste-
roid dose, and HAQ, while pain VAS was significantly 
associated with DAS28, body fat/skeletal muscle ratio, 
and HAQ score. HAQ score was significantly associated 
with age and DAS28 while DAS28-P was significantly as-
sociated with age, BMI and HAQ score.

Because body composition differed significantly be-
tween males and females, we next performed gender-spe-
cific regression analysis to explore factors associated with 
the DAS28 (Table 2). On univariate regression analysis in 
males, the DAS28 was positively associated only with the 
current steroid dose. By contrast, in females, the DAS28 
was positively associated with age, disease duration, cur-

rent steroid dose, BMI, body fat mass, and the HAQ 
score. After adjustment, the DAS28 in females was pos-
itively associated with the current steroid dose, body fat 
mass, and HAQ score.

We used ordinal regression analysis to explore the 
factors associated with pain measured with a VAS scale 
(Table 3). On univariate ordinal regression analysis in 
males, the pain VAS was positively associated with the 
DAS28 and HAQ score, while in females older age, an-
ti-CCP positive, DAS28, BMI, body fat mass, body fat/ 
skeletal muscle ratio, and HAQ score were positively as-
sociated. After adjustment, anti-CCP positive remained 
significantly associated with the pain VAS score in fe-
males, while DAS28 was significant in both genders.

We also used ordinal regression analysis to explore the 
factors associated with functional status measured with 
the HAQ score (Table 4). On univariate ordinal regres-
sion analysis in males, only body fat mass was associated 
with a higher HAQ score. By contrast, in females, age, 
DAS28 score, and body fat/skeletal muscle ratio were 
positively associated with the HAQ score and skeletal 
muscle mass was negatively associated. These associa-
tions with HAQ remained significant after adjustment.

Finally, we hypothesized that DAS28-P, a parameter 
accounting for the subjective components of the DAS28, 
would be associated with body composition. We used 
regression analysis to explore the factors associated with 
DAS28-P (Table 5). On univariate regression analysis 
in males, the DAS28-P was negatively associated with 
age. In females, DAS28-P was positively associated with 
BMI, the body fat/skeletal muscle ratio, and HAQ score 
and negatively associated with positivity for RF and an-
ti-CCP. After adjustment, the DAS28-P was positively 
associated with body fat/skeletal muscle ratio and HAQ 
score in females.

DISCUSSION

Our study explored the associations of body composi-
tion, such as fat and muscle mass, with disease activity, 
pain, and disability in RA. The DAS28 score was posi-
tively associated with body fat mass, while the HAQ 
score was associated with a lower skeletal muscle mass 
and higher body fat/skeletal muscle ratio. The DAS28-P 
score was positively associated with the body fat/skeletal 
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muscle ratio. However, these associations were observed 
only in females.

In addition to changes in joint and bone integrity in 
RA, a change in body composition has been reported, 

with a high body fat mass, high truncal fat distribution, 
and low lean muscle mass seen even in early RA [3,12]. 
Fat area and muscle density were strongly associated 
with disability and physical performances in RA pa-

Table 2. Association of body composition with the DAS28 score 

Variable

DAS28

Male Female

Unadjusted 
β

SE p
Adjusted 

β
SE p value Unadjusted β SE p value

Adjusted 
β

SE p value

Age 0.002 0.012 0.889 NA 0.015 0.006 0.009

Disease duration, 
 yr 

0.017 0.031 0.587 NA 0.024 0.011 0.032

Anti-CCP 0.471 0.337 0.169 NA –0.191 0.155 0.218

Current steroid 
 dose 

0.248 0.106 0.024 NA 0.163 0.051 0.002 0.118 0.049 0.017

BMI –0.049 0.040 0.226 NA 0.061 0.018 0.001 a

Body fat mass –0.033 0.220 0.136 NA 0.034 0.008 < 0.001 0.022 0.010 0.024

Skeletal muscle 
 mass 

–0.019 0.030 0.519 NA –0.034 0.025 0.170

Body fat/skeletal 
 muscle ratio

0.228 0.203 0.268 NA 0.184 0.199 0.356

HAQ 0.881 0.457 0.060 NA 1.006 0.111 < 0.001 0.858 0.127 < 0.001

DAS28, disease activity score in 28 joints; SE, standard error; NA, not applicable; CCP, citrullinated protein antibody; BMI, body 
mass index; HAQ, health assessment questionnaire.
aBody mass index was excluded from multivariable analysis due to collinearity problems with fat mass.

Table 3. Association of body composition with the pain visual analogue scale 

Covariate and 
 tertiles/groups

Male Female

Unadjusted analyses Adjusted analyses Unadjusted analyses Adjusted analyses

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age 0.97 (0.93–1.02) 0.304 NA 1.03 (1.01–1.05) 0.002 1.10 (0.99–1.04) 0.091

Disease duration 1.11 (0.93–1.27) 0.112 NA 1.02 (0.99–1.06) 0.143 NA

Anti-CCP positivity 1.05 (0.75–1.48) 0.760 NA 1.12 (1.01–1.24) 0.020 1.14 (1.01–1.27) 0.023

Current steroid dose 0.94 (0.75–1.17) 0.616 NA 1.01 (0.93–1.08) 0.856 NA

DAS28 2.91 (1.48–5.7) 0.002 2.87 (1.42–5.8) 0.003 3.23 (2.49–4.19)  < 0.001 3.08 (2.31–4.1)  < 0.001

BMI 1.01 (0.88–1.16) 0.846 NA 1.07 (1.01–1.06) 0.014 a

Skeletal muscle mass 1.00 (0.91–1.11) 0.944 NA 0.98 (0.91–1.06) 0.699 NA

Body fat mass 1.00 (0.92–1.08) 0.947 NA 1.03 (1.0–1.06) 0.023 0.99 (0.95–1.03) 0.740

Body fat/skeletal 
 muscle ratio

1.53 (0.61–3.8) 0.355 NA 2.01 (1.04–3.85) 0.037 1.82 (0.85–3.88) 0.120

HAQ 9.51 (1.25–71.94) 0.029 7.97 (0.85–74.62) 0.069 3.99 (2.4–6.65)  < 0.001 1.22 (0.68–2.18) 0.503

OR, odds ratio; CI, confidence interval; NA, not applicable; CCP, citrullinated protein antibody; DAS28, disease activity score 
in 28 joints; BMI, body mass index; HAQ, health assessment questionnaire.
aBMI was excluded from multivariable analysis due to collinearity problems with fat mass.
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tients, while greater radiological damage and disease ac-
tivity were associated with lower muscle density [4,13]. A 
seminal 1992 study by Roubenoff et al. [2] found elevated 
TNF-α in flaring RA patients with a low lean body mass, 
implicating a role for TNF-α in both disease activity and 
hypermetabolism. Because decreases in lean mass and 
the fat/muscle mass ratio are also associated with risk 
factors for cardiovascular morbidity, such as insulin re-

sistance and hypertension [14], this modifiable aspect of 
RA is of clinical importance.

Currently, adipose tissue is considered to be an en-
docrine organ that promotes low-grade systemic in-
flammation by secreting adipokines [15]. A recent study 
showed that BMI influenced the multi-biomarker dis-
ease activity score based on 12 inflammatory markers, 
which reflects inflammation in RA more sensitively 

Table 4. Association of body composition with the health assessment questionnaire 

Covariate and tertiles/groups

Male Female

Unadjusted analyses Adjusted analyses Unadjusted analyses Adjusted analyses

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age 0.98 (0.94–1.02) 0.409 NA 1.05 (1.02–1.07) < 0.001 1.04 (1.02–1.06) < 0.001

Disease duration 1.01 (0.9–1.13) 0.802 NA 1.02 (0.99–1.06) 0.119 NA

Anti-CCP positivity 1.21 (0.9–1.64) 0.183 NA 1.08 (0.98–1.19) 0.103 NA

Current steroid dose 0.83 (0.65–1.07) 0.171 NA 0.97 (0.9–1.05) 0.495 NA

DAS28 1.47 (0.89–2.43) 0.125 NA 2.74 (2.16–3.48) < 0.001 2.68 (2.1–3.43) < 0.001

BMI 1.11 (0.95–1.29) 0.169 NA 1.04 (0.98–1.1) 0.195 NA

Skeletal muscle mass 1.02 (0.91–1.13) 0.715 NA 0.86 (0.79–0.93) < 0.001 0.87 (0.8–0.96) 0.006

Body fat mass 1.11 (1.0–1.18) 0.042 NA 1.02 (0.99–1.05) 0.094 NA

Body fat/skeletal muscle ratio 1.17 (0.65–2.11) 0.593 NA 2.37 (1.22–4.59) 0.001 2.67 (1.29–5.55) 0.008

OR, odds ratio; CI, confidence interval; NA, not applicable; CCP, citrullinated protein antibody; DAS28, disease activity score 
in 28 joints; BMI, body mass index. 
 

Table 5. Association of body composition with the DAS28-P 

Variable
Male Female

Unadjusted 
β

SE p value
Adjusted 

β
SE p value

Unadjusted 
β

SE p value
Adjusted 

β
SE p value

Age –0.004 0.002 0.034 NA 0.001 0.001 0.193

Disease 
 duration, yr 

0.005 0.005 0.403 NA 0.001 0.002 0.673

Anti-CCP 0.022 0.059 0.713 NA –0.063 0.024 0.009

Current steroid 
 dose 

0.001 0.017 0.957 NA 0.015 0.008 0.051

BMI 0.003 0.007 0.696 NA 0.003 0.003 0.018

Skeletal muscle 
 mass

0.005 0.005 0.348 NA 0.002 0.004 0.635

Body fat mass 0.001 0.004 0.715 NA 0.002 0.001 0.165

Body fat/skeletal 
 muscle ratio

0.017 0.035 0.638 NA 0.077 0.030 0.012 0.073 0.037 0.046

HAQ 0.149 0.078 0.062 NA 0.110 0.018 < 0.001 0.082 0.210 < 0.001

DAS28, disease activity score in 28 joints; DAS28-P, an index derived to measure the subjective component of DAS28; SE, stan-
dard error; NA, not applicable; CCP, citrullinated protein antibody; BMI, body mass index; HAQ, health assessment question-
naire.
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than CRP [16]. Previously, we showed that increases in 
fat mass and the fat/muscle mass ratio were significant-
ly associated with musculoskeletal pain in women [17]. 
Therefore, we reasoned that fat mass would be associ-
ated with pain and disease activity in RA as well. A me-
ta-analysis of seven studies found that obese RA patients 
had higher disease activity measured with the DAS28 
and worse function measured with the HAQ compared 
with non-obese patients [18]. These associations mainly 
resulted from an increase in the subjective components 
of the DAS28 (total joint count and global health assess-
ment) in obese patients [18]. In addition, radiographic 
joint damage was negatively associated with obesity, 
suggesting that the disease activity driven by a high BMI 
results from pain rather than inflammation. In line with 
this meta-analysis, we found that the disease activity 
measured with the DAS28 was positively associated with 
both BMI and body fat mass. While the body compo-
sition measures were not significantly associated with 
pain measured with a VAS after multivariate analysis, the 
DAS28-P, a derived index that assesses the contribution 
of subjective components to the DAS28, which may pro-
vide a quantitative assessment of the non-inflammatory 
contribution to pain in RA [19], was positively associated 
with the body fat/skeletal muscle ratio. Because the pain 
VAS score did not follow a normal distribution in our 
patients, we categorized the pain VAS score into tertiles, 
which could have led to a loss of statistical power.

In addition to the cross-sectional disease activity, a 
recent meta-analysis of eight studies evaluated the rela-
tionship between obesity and remission in RA [6]. This 
showed that obese patients had significantly lower odds 
of achieving and sustaining remission (pooled odds ra-
tio [OR], 0.57 and 0.49, respectively) relative to non-obese 
patients. Most of the included studies reported that 
obese patients have higher tender joint counts, inflam-
matory marker levels, patient global evaluation scores, 
pain scores, and worse physical function scores during 
follow-up, but not higher swollen joint counts [6].

It is of note that the association of body composition 
parameters with RA disease measures was observed only 
among females. A meta-regression analysis by Lupo-
li et al. [5] showed that the influence of obesity on the 
achievement of minimal disease activity was more sig-
nificant in males, which does not corroborate our find-
ings. This discrepancy could be explained by using only 

BMI and not body composition in that study, and by the 
differences in outcome parameters, e.g., the response to 
treatment vs. disease activity measured with the DAS28 
and DAS28-P. In a 3-year prospective study, we showed 
that the baseline fat/muscle ratio and fat mass were sig-
nificantly associated with the development/persistence 
of pain only among females [20]. These results suggest 
that fat mass parameters may explain the increased 
prevalence of pain among women. Women are report-
ed to have a more intense inflammatory response than 
men, and the stronger inflammatory response arising 
from increased fat in women may play a role in the gen-
der difference of pain [21].

To our knowledge, there were few studies exploring 
the association of body composition indexes with dis-
ease activity, pain, and disability in Asian RA patients. 
In a study of Vietnamese RA patient exploring the as-
sociation of body compositions and disease activity and 
disability score in 105 female RA patients, DAS28 score 
was positively correlated with total fat mass and HAQ 
score was inversely correlated with appendicular lean 
mass [22]. Asians have a different body composition to 
that of Caucasians, and our study helps us to understand 
the influence of body composition in the management 
of Asian RA patients. In line with data from Caucasian 
patients, our result showed that Korean RA patients had 
association of body composition with disease activity 
and disability.

Our study has several limitations. First, the data used 
were cross-sectional, so we cannot establish a cause-and-
effect relationship between body composition and dis-
ease activity. A longitudinal, prospective cohort study of 
treatment-naïve RA patients would help to examine the 
effect of body composition on inflammation and treat-
ment response in RA patients. Second, we measured 
body composition using an InBody analyzer. Most previ-
ous studies measured body composition with dual x-ray 
absorptiometry (DXA) [3,12,22] or CT, [4,13] therefore, 
the validity of our results compared with these studies 
cannot be established. According to another study from 
our center, however, the correlation coefficient between 
InBody and DXA measurements was 0.93, and the mean 
error was 1.2% (95% confidence interval [CI], 4.6 to 7.1), 
indicating a good correlation between the two methods 
[23]. Only 51 male patients were included for our study, 
which may have limited the statistical power and thus 
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the extrapolation of our result to male patients. Lastly, 
our study used data from a single clinical center, so the 
patient population might not represent Asian RA pa-
tients in general.

In conclusion, body composition, including body fat 
mass and the body fat/skeletal muscle mass ratio, was 
significantly associated with disease activity, and dis-
ability in female Asian RA patients. We suggest that the 
effects of obesity and fat mass be considered as an im-
portant aspect of RA management.
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Supplementary Table 1. Demographic characteristics of the study patients

Characteristic All (n = 335) BMI < 25 (n = 226) BMI ≥ 25 (n = 109) p value

Age, yr 56.0 ± 11.9 55.3 ± 12.0 57.5 ± 11.8 0.110

Women 284 (84.8) 193 (85.4) 91 (83.5) 0.640

HTN 88 (26.3) 53 (23.5) 35 (32.1) 0.043

DM 33 (9.9) 16 (7.1) 17 (15.6) 0.009

RA duration, yr 6 (3.5–9) 7.61 (3.1–10) 7.0 (4–9) 0.700

Seropositivitya 276 (87.4) 194 (85.8) 82 (75.2) 0.017

CRPb, mg/L 1.04 (0–2.94) 0.10 (0–2.69) 1.68 (0–3.19) 0.013

ESR, mm/hr 21 (12–31) 18 (10–30) 25 (15–32) 0.032

DAS28-ESR 3.55 ± 1.14 3.46 ± 1.11 3.75 ± 1.18 0.031

DAS28-P 0.36 ± 0.17 0.35 ± 0.17 0.37 ± 0.18 0.300

HAQ 0.25 (0–0.63) 0.13 (0–0.56) 0.25 (0–0.75) 0.100

VAS pain, range (0–100) 40 (20–50) 35 (20–50) 40 (20–60) 0.031

GC use 252 (75.2) 174 (77) 78 (71.6) 0.280

BMI, kg/m2 23.6 ± 3.6 21.6 ± 2.2 27.7 ± 2.3 < 0.001

Body fat mass, kg 19.3 (15.6–24.1) 17.2 (13.8–19.6) 26.4 (23.7–30.3) < 0.001

Skeletal muscle mass, kg 20.9 (18.9–23.2) 20.15 (18.4–22.3) 22.2 (20.4–25.2) < 0.001

Body fat/skeletal mass ratio 0.91 (0.7–1.1) 0.9 (0.7–1.1) 0.95 (0.79–1.21) 0.098

Values are presented as mean ± SD, number (%), or median (interquartile range).
BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; RA, rheumatoid arthritis; CRP, C-reactive protein; ESR, eryth-
rocyte sedimentation rate; DAS28, disease activity score in 28 joints; DAS28-P, an index derived to measure the subjective compo-
nent of DAS28; HAQ, health assessment questionnaire; VAS, visual analogue scale; GC, glucocorticoid; BMI, body mass index. 
aSeropositivity was defined as either rheumatoid factor or anti-citrullinated protein antibody positivity.
bThe reporting limit was < 0.1 mg/L, which was given a value of 0 for analysis.
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Supplementary Table 2. Association of body composition with the DAS28 score

Variable
DAS28

Unadjusted β SE p value Adjusted β SE p value

Sex 0.757 0.169 < 0.001 0.648 0.177 < 0.001

Age 0.008 0.005 0.111

Disease duration, yr 0.028 0.011 0.011

Anti-CCP 0.000 0.001 0.68

Current steroid dose 0.142 0.047 0.003 0.129 0.045 0.004

BMI 0.042 0.017 0.013

Body fat mass 0.030 0.008 < 0.001

Skeletal muscle mass –0.059 0.015 < 0.001

Body fat/skeletal muscle ratio 0.111 0.148 0.452

HAQ 1.059 0.109 < 0.001 0.907 0.122 < 0.001

DAS28, disease activity score in 28 joints; SE, standard error; CCP, citrullinated protein antibody; BMI, body mass index; HAQ, 
health assessment questionnaire. 
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Supplementary Table 3. Association of body composition with the pain visual analogue scale 

Covariate and tertiles/groups
Unadjusted analyses Adjusted analyses

OR (95% CI) p value OR (95% CI) p value

Sex 1.05 (0.57–1.93) 0.880 NA

Age 1.02 (1–1.04) 0.040 1 (0.98–1.02) 0.970

Disease duration, yr 1.02 (0.98–1.06) 0.340 NA

Anti-CCP positivity 0.65 (0.41–1.06) 0.080 NA

Current steroid dose 0.97 (0.9–1.05) 0.460 NA

DAS28 2.69 (2.13–3.41) < 0.001 2.32 (1.79–3.02) < 0.001

BMI 1.09 (1.02–1.15) 0.010 1.03 (0.96–1.09) 0.410

Skeletal muscle mass 1 (0.95–1.06) 0.910 NA

Body fat mass 1.03 (1–1.06) 0.100 NA

Body fat/skeletal muscle ratio 2.37 (1.28–4.37) 0.010 2.79 (1.39–5.6) 0.004

HAQ 4.84 (2.98–7.88) < 0.001 2.21 (1.26–3.86) 0.010

OR, odds ratio; CI, confidence interval; NA, not applicable; CCP, citrullinated protein antibody; DAS28, disease activity score 
in 28 joints; BMI, body mass index; HAQ, health assessment questionnaire.
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Supplementary Table 4. Association of body composition with the health assessment questionnaire 

Covariate and tertiles/groups
Unadjusted analyses Adjusted analyses

OR (95% CI) p value OR (95% CI) p value

Sex 1.31 (0.58–2.97) 0.510 NA

Age 1.04 (1.02–1.07) < 0.001 1.05 (1.02–1.07) < 0.001

Disease duration, yr 1.03 (0.99–1.07) 0.140 NA

Anti-CCP positivity 0.87 (0.5–1.53) 0.640 NA

Current steroid dose 1.02 (0.93–1.13) 0.640 NA

DAS28 2.01 (1.55–2.61) < 0.001 2.07 (1.59–2.71) < 0.001

BMI 1.07 (0.99–1.14) 0.070 NA

Skeletal muscle mass 0.94 (0.88–1.01) 0.110 NA

Body fat mass 1.04 (1–1.08) 0.040 1.02 (0.98–1.07) 0.250

Body fat/skeletal muscle ratio 0.92 (0.52–1.64) 0.790 NA

OR, odds ratio; CI, confidence interval; NA, not applicable; CCP, citrullinated protein antibody; DAS28, disease activity score 
in 28 joints; BMI, body mass index. 
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Supplementary Table 5. Association of body composition with the DAS28-P

Variable
DAS28-P

Unadjusted β SE p value Adjusted β SE p value

Sex 0.054 0.026 0.042 0.057 0.031 0.073

Age –0.001 0.001 0.930 –0.002 0.001 0.034

Disease duration, yr 0.002 0.002 0.339

Anti-CCP –0.049 0.023 0.036

Current steroid dose 0.010 0.007 0.155

BMI 0.006 0.003 0.025 0.015 0.007 0.043

Body fat mass –0.001 0.002 0.547 –0.007 0.004 0.078

Skeletal muscle mass 0.002 0.001 0.097

Body fat/skeletal muscle ratio 0.042 0.023 0.064 0.043 0.024 0.079

HAQ 0.116 0.018 < 0.001 0.097 0.021 < 0.001

DAS28, disease activity score in 28 joints; DAS28-P, an index derived to measure the subjective component of DAS28; SE, stan-
dard error; CCP, citrullinated protein antibody; BMI, body mass index; HAQ, health assessment questionnaire.
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