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Abstract
Rheumatoid Arthritis (RA) is a systemic, chronic, inflammatory and erosive joint disease. Due the systemic 
effect mediated by increased serum pro-inflammatory cytokines, RA patients often present changes in 
body composition. Sarcopenia, obesity, and rheumatoid cachexia (sarcopenic obesity) are often observed 
in RA patients. On other hand, classical cachexia in RA is rarely observed. All these conditions are associated 
with increased healthcare costs, functional disability, poorer quality of life and increased mortality. During 
the last 2 decades several disease modifying antirheumatic drugs (DMARD) have been used to minimize 
disease activity and delay joint destruction, markedly improving outcomes. However, the impact of these 
drugs on the altered body composition has not been adequately studied. While glucocorticoid has well 
known negative impact on muscle mass, limited data indicate that tumor necrosis factor (TNF) inhibitors 
seem to be more associated with increased fat mass and tocilizumab, an interleukin-6 (IL-6) inhibitor 
might increase lean mass. However, the observed effects seem to be limited, stressing the importance of 
additional effective measures, such as regular strength exercises and adequate nutrition. 
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Introduction

Rheumatoid arthritis (RA) is a chronic, progressive, inflammatory autoimmune disease 
characterized by symmetrical, destructive polyarthritis accompanied by systemic manifestations [1,2]. 
Excessive production of pro-inflammatory cytokines plays a major role in the pathophysiology of RA 
[3]. In addition, metabolic changes as increased energy expenditure and increased protein degradation, 
induced by proinflammatory cytokines, are observed in RA patients [3-5]. So, due to systemic catabolic 
activities, the proinflammatory cytokines may play a major role in body composition changes. TNF-α 
and IL-1β present similar catabolic actions on muscle mass [6]. In addition, it is known that IL-6 [7,8] 
might have diverse impacts, including anabolic and catabolic effects, affecting directly muscle mass 
and fat mass alterations seen in RA patients. This altered metabolism may lead to changes in body 
composition.

Several terms have been used to describe changes in body composition in RA patients, including 
sarcopenia, sarcopenic obesity, rheumatoid cachexia and classical cachexia [9,10]. According to Cruz-
Jentoff, sarcopenia is considered a muscle disease (muscle failure) where the individuals have decreased 
muscle strength associated with low muscle quantity and quality [10]. Obesity is defined by the World 
Health Organization (WHO) as abnormal or excessive fat mass that presents a risk to health [11]. 
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Yet, sarcopenic obesity is a condition of reduced skeletal muscle mass 
in the context of excess adiposity [10]. Rheumatoid cachexia is a 
term that has been used to describe the condition of reduced fat-free 
mass (FFM), of which muscle mass is the major component, with or 
without loss of fat mass (FM), resulting in no or limited changes in 
body mass index [12,13]. Classic cachexia is characterized by severe 
loss of weight, fat, and muscle mass and increased protein catabolism 
due to underlying disease(s) [14]. 

Often sarcopenic obesity and rheumatoid cachexia are observed 
in RA patients, whereas classic cachexia is infrequently observed. 
Recent studies demonstrated a prevalence of sarcopenia of 17.1%-
37.1% in RA patients [15,16]. On other hand, a systematic review 
with meta-analysis indicates that the estimated prevalence of 
rheumatoid cachexia ranges from 19% to 32% [9]. The explanation 
for the variability in the prevalence rates is probably related to use 
of different diagnostic criteria, since there is no consensus in the 
literature regarding the appropriate body composition parameters for 
each condition, as well as the definitions of conditions is diverse in 
the available literature [9]. 

Regarding to the methods of assessment of body composition the 
computed tomography, magnetic resonance imaging, dual-energy 
X-ray absorptiometry (DEXA), bioelectrical impedance analysis 
(BIA), and anthropometric methods are used [17,18]. Additionally, 
alternative or new tests and tools have been suggested, such as 
computed tomography (mid-thigh muscle measurement, psoas 

muscle measurement at 3rd lumbar vertebra level), creatine dilution 
test, ultrasound assessment of muscle and specific biomarkers or 
panels of biomarkers [10]. However, most of these modalities have 
high cost that makes their use unfeasible in population studies and 
difficulty of use in routine clinical contexts.

These changes in body composition may result in increased 
healthcare costs, functional disability, poorer quality of life and 
increased mortality in RA patients [19,20]. Therefore, in this 
integrative review, our objective was to present an overview of 
the impact of pharmacological treatments used in RA on body 
composition, with a focus on muscle mass. An electronic search 
was performed using MEDLINE (via PubMed) and other relevant 
sources. Keywords and medical subject headings for the terms 
‘rheumatoid arthritis’ OR ‘arthritis’, OR ‘arthritis rheumatoid’ AND 
‘body composition’ AND ‘muscle mass’, AND ‘glucocorticoids’ 
AND ‘conventional disease-modifying antirheumatic drugs’ AND 
‘biological disease-modifying antirheumatic drugs’ were selected. 
Randomized controlled trials or non-randomized controlled trials, 
cohort studies, reviews and experimental models were included. 
Studies with other diseases or topics or studies without muscle mass 
data were excluded. The flowchart of this integrative review is in 
Figure 1.

Changes of Body Composition in RA Patients 

Recent studies have shown the prevalence of sarcopenia and 
rheumatoid cachexia in RA patients, as well as, the risk factors to these 
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Figure 1: The flowchart of this integrative review.
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conditions. In a meta-analysis [21], the authors have demonstrated 
a prevalence of sarcopenia of 35% in RA patients, among which the 
prevalence in male and female were 39.8% and 33.3% respectively. 
In addition, they reported various factors significantly associated 
with sarcopenia in subjects with RA, such as age, female gender, CRP, 
HAQ and RF seropositivity [21]. On other hand, we have reported 
that rheumatoid cachexia was quite prevalent (13.3–30.0%) in a 
cohort of patients with established RA, but no classic cachexia was 
identified [22]. In addition, rheumatoid cachexia and other factors 
related with cachexia, especially physical function, may be influenced 
by disease status [22].

Regarding to muscle mass, studies have reported that even 
RA patients receiving adequate intensive treatment have ~10% 
proportionally less appendicular lean mass compared to healthy 
controls [23,24]. After adjusting the muscle mass for fat mass 
(ALMIFMI), RA patients were shown to have lower ALMIFMI 
and lower muscle density, a composite index of intramuscular fat 
substitution, compared to a healthy nationally representative sample 
[25,26]. When analyzing the muscle architecture of the RA patients, 
Blum et al. [27] demonstrated that RA patients had smaller muscle 
thickness (-23.3%) and pennation angle, the angulation of muscle 
fibers relative to the line of action of muscle in pennate muscles 
(-14.1%), compared with healthy women. On other hand, no 
differences were observed in muscle activation of quadriceps assessed 
by electromyography during an isometric test and fascicle length 
(the distance between the intersection composed of the superficial 
aponeurosis and fascicle and the intersection composed of the deep 
aponeurosis and the fascicle) [27].

Regarding to adiposity, RA patients had more redistribution of 
fat mass to the trunk than healthy persons [24,28], and RA with 
moderate/high disease activity showed more fat mass index (FMI) 
than RA with low disease activity [22]. In addition, women with 
RA had a 4% higher mean fat mass index (FMI) when compared 
to females without RA [28]. Analyzing intramuscular fat and 
intermuscular adipose tissue, Khoja et al. [29] have demonstrated 
that skeletal muscle fat accumulation in RA was higher than in 
healthy individuals. In addition, the accumulation of fat within 
and around the muscles in RA is similar to that of healthy older 
individuals, indicating early tissue senescence [29]. 

Influence of Pharmacological Treatments on Body 
Composition in RA patients

Glucocorticoids (GC) are used to treat many patients for a 
variety of conditions and are arguably the most important, and most 
frequently used, class of immunosuppressive drug worldwide [30]. 
In RA, GC have not only potent anti-inflammatory properties but 
are also disease-modifying, with a beneficial impact on radiological 
progression [31], and have been recommended as short-term initial 
treatment or bridging therapy when initiating or changing other 
antirheumatic drugs [32].

Disease-modifying antirheumatic drugs (DMARDs) are drugs 
that have been shown to improve disease activity and prevent 
the typical joint damage of rheumatoid arthritis. They are now 
classified as conventional synthetic (cs)DMARDs, that comprehend 
mainly methotrexate, but also leflunomide, sulfasalazine and 
hydroxychloroquine [1], and the more recent biological (b)
DMARDs and targeted synthetic (ts)DMARDs. The first line of 
the pharmacological treatment used by rheumatologists is the (cs)

DMARDs, with bDMARDs and tsDMARDs being reserved to the 
second line when the therapeutic response is insufficient with one 
or more of these drugs. bDMARDs include monoclonal antibodies 
or receptor constructs targeting proinflammatory cytokines, such 
as TNF (infliximab, etanercept, adalimumab, certolizumabe and 
golimumab) and IL-6 (tocilizumab and sarilumab). Current 
tsDMARDs include inhibitors of Janus tyrosine kinase (JAK) 
inhibitors, fundamental for the intracellular signaling of type I 
and II cytokines (tofacitinib, baricitinib and upadacitinib) [1]. 
Concomitant these pharmacological treatments, glucocorticoids 
are used in therapeutic management in RA patients[33]. Despite 
the use of glucocorticoids, sDMARDs and bDMARDs to control 
inflammation and joint damage, the effect of these drugs on RA 
associated skeletal muscle wasting and altered body composition 
remains insufficiently studied, as described below.

Glucocorticoid 

Analyzing the corticosteroid use, Lemmey et al. [34] described 
that a 120 mg intramuscular (IM) corticosteroid (CS) injection 
develops substantial muscle loss after 4 weeks of the single injection. 
Corroborating with Lemmey et al. [34], Yamada et al. [35] 
demonstrated that RA patients using GCs at an average dose ≥ 3.25 
mg/day over 1 year were at higher risk for developing sarcopenia. 
Yang et al. [36] demonstrated in 620 RA patients that RA patients 
with previous glucocorticoid (GC) therapy showed lower fat-free 
mass and lower muscle indicators including appendicular muscle 
mass especially in both lower extremities when compared with those 
with previous DMARDs therapy only. In the same direction Yamada 
et al. [37] found that GC use was associated with deterioration in 
muscle quality and function, as well as sarcopenia development.

csDMARDs

Synthetic DMARDs are the first choice to control RA activity 
[32,33]. These drugs act by blocking critical pathways in RA 
physiopathology such as folate synthesis (MTX), signaling of 
inflammatory cytokines such IL-2 and IL-6 (leflunomide) and 
activation of inflammatory transcription factor NF-κB (sulfasalazine). 
However, their effect on skeletal muscle is still unclear. Some studies 
provide evidence to support that these drugs may have some impact.

Methotrexate: The usual first choice in RA treatment, 
methotrexate (MTX) might have some potential beneficial effect on 
skeletal muscle, based on very few studies. A study with myoblast 
cell culture indicates a positive effect of MTX on muscle energy 
metabolism by an indirect activation of AMPk in myotubes that 
leads to lipid oxidation and induction of glucose uptake [38]. MTX 
treatment was able to significantly reduce the mass loss of the tibialis 
anterior, the exterior digitorum longus and gastrocnemius muscles in 
a murine model of collagen-induced arthritis [39]. In humans [40], 
twenty-six patients were randomly assigned to 24 weeks of treatment 
with etanercept (n=12) or methotrexate (n=14). At baseline, the 
etanercept group showed 41.3 ± 9.7 kg of lean mass, while that 
methotrexate group showed 41.2 ± 8.5 kg of lean mass. Regarding fat 
mass, the etanercept group showed 31.7 ± 8.2 kg of fat mass, while 
that methotrexate group showed 28.9 ± 13.8 kg of lean mass. There is 
no significant statistical difference between groups. After 24 weeks of 
treatment, there is no significant statistical difference between groups 
to lean mass and fat mass. Of these patients that gained >3% of their 
baseline body mass over the 24 weeks follow-up period (6/treatment 
group) the patients in the etanercept group gained a significantly 
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(p=0.04) greater proportion of fat free mass than did the patients 
in the methotrexate group, while that no difference on fat mass was 
observed [40].

Leflunomide: As MTX, leflunomide is widely used in 
management of inflammatory joint disease. Besides its utilization to 
control disease activity, there is evidence to support that this drug also 
has an effect on muscle tissue. In a murine model of myasthenia gravis, 
an autoimmune disease that impairs muscular function, leflunomide 
was able to block disease development and improve muscular frailty 
caused by disease. These results were obtained, according to authors, 
by inhibition of inflammatory cytokines IL-2 and IL-6 [41]. In the 
same study, was evaluated the effect of leflunomide metabolite A77 
1726 on L6 myotubes cells. The metabolite was able to increase 
glucose uptake in those cells in culture. Based on this, leflunomide 
might also have a positive effect on insulin metabolism improving 
energetic pathways of muscle cells [41]. Besides, there are no studies 
evaluating the effect of leflunomide on skeletal muscle in RA patients.

Sulphasalazine and Hydroxychloroquine: Sulphasalazine is 
also widely used in management of inflammatory arthropathies, 
although its use in RA is decreasing lately. It has been shown, in a 
Duchenne dystrophy model, that sulfasalazine acts impairing survival 
in developing myotubes. This effect is credited to signaling reduction 
of NF-κB and subsequent decreased expression of intracellular p65 
protein [42]. There are no clinical studies evaluating the effect of 
isolated sulphasalazine or hydroxychloroquine. However, Engvall et al. 
[43] compared the addition of sulfasalazine and hydroxychloroquine 
to the addition of infliximab in 40 patients with early RA that had 
failed MTX treatment. Approximately 20% had low muscle mass 
at baseline. Despite similar reduction in disease activity, patients on 
triple therapy had stable muscle mass from months 3 to 24 and less 
increase in fat mass compared to infliximab treatment. Therefore, 
control of disease activity was not associated with increase in muscle 
mass in both groups.

bDMARDs

Few studies have evaluated the effects of the bDMARDS on 
body composition in RA patients. In an observational cohort 
of established RA patients, we have recently demonstrated that 
bDMARDs treatment in general was not associated with significant 
effects on body composition after 12 months [22]. However, it is 
possible that bDMARD with different targets might present distinct 
impacts on muscle mass [22]. 

Regarding the effects on physical function (PF) and falls, Hirano 
et al. [44] recently demonstrated that there is improvement in PF, 
muscle power and agility after 3–6 months, and risk of falls decrease 
after 12 months after the initiation of bDMARD treatment [44]. 

TNF inhibitors: TNF inhibitors are very effective drugs for 
inflammatory joint diseases. However, their action on skeletal muscle 
has not been consistently demonstrated. In a rat model subjected 
to physical exercise, infliximab was able to reduce the expression 
of inflammatory cytokines in muscle samples from these animals. 
Also, it was observed an increased expression of regeneration markers 
M-caderin and myf-6, when rats were treated with infliximab 
[45]. Another study demonstrated that the anti-TNF agent PEG-
sTNFRI did not prevent the increase in muscle gene expression of 
E3 ubiquitin-ligating enzymes, MuRF1 and MAFbx, associated with 
myofiber degeneration, in arthritic rats [46]. 

In humans, anti-TNF therapy has been associated with weight 
gain and increase in fat mass, while the impact on lean mass seems 
to be very limited. In a small randomized trial comparing etanercept 
and methotrexate in RA patients, no difference in body composition 
was observed after 24 weeks [40]. However, when evaluating only 
the patients that presented an increase >3% in body weight during 
follow-up (~50%), a significant difference was found: 44% of the 
gained weight in the etanercept group was fat-free mass, while it was 
only 14% in the methotrexate group [40]. In a bigger trial, infliximab 
added to MTX-inadequate responders induced an increase in fat 

Reference Type of 
study N Age 

mean Disease Study 
duration Drug used Results

Domínguez-Álvarez 
et al. [45]

Animal 
model 48 - Induction of 

exercise 2 weeks Infliximab

Reduction in muscle 
inflammatory cytokine 

expression. Increase of muscle 
regeneration markers.

Granado et al. [46] Animal 
model 44 - Arthritis 37 days PEG-sTNFRI Did not prevent expression of 

muscle degradation genes.

Marcora et al. [40] Clinical Trial 26 54 RA 24 weeks Etanercept

Among patients with body 
composition changes, those 

who are given etanercept 
gained majoritary free-fat mass.

Toussirot et al.

[47]
Clinical Trial 20 48,6 RA 2 years

Inflixumab, 
adalimumab, 

etanercept

Increased fat mass with no 
changes in lean mass.

Serelis et al.

[48]
Clinical Trial 19 54 RA 1 year Inflixumab, 

adalimumab No changes in muscle mass.

Metsios et al. [49] Clinical Trial 20 61,1 RA 12 weeks ND No changes in muscle mass.

Table 1: Effect of TNF inhibitors on muscle; RA: Rheumatoid Arthritis.
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mass compared to triple therapy, without increase in lean mass [43]. 
Toussirot et al. [47] observed gain in fat mass and no changes in lean 
mass after 2 years of the treatment with TNFαinhibitors in 8 RA 
patients. Serelis et al. [48] demonstrated that anti-TNF treatment (12 
infliximab and 7 adalimumab) in women with RA does not have any 
significant effect on body composition after one year of treatment. 
Metsios et al. [49] showed that after 12 weeks of anti-TNF-alpha 
therapy in 20 RA patients, no change in body composition was 
observed. These studies are described in Table 1.

IL-6 inhibitors: IL-6 inhibitors are designed drugs to bind 
specifically to the proinflammatory cytokine IL-6 or its receptor and 
block subsequent inflammatory signaling [50]. As TNF inhibitors, 
treatment with tocilizumab, an anti-IL-6-R monoclonal antibody, 
has been associated with weight gain [51]. On the other hand, two 
studies have suggested that it can have an anabolic effect on skeletal 
muscle. Tournadre et al. [52] demonstrated that after one year of 
treatment with tocilizumab in a cohort of 21 RA patients there was an 
increase in weight, significant gain in fat-free mass and appendicular 
lean mass, with no changes in fat composition. Corroborating these 
observations, a recent study has shown that RA patients treated with 
tocilizumab had significant gain of lean mass, while fat mass (total 
fat or abdominal fat) did not change [53]. These studies suggest that 
IL-6 targeted therapy may have a therapeutic effect on sarcopenia in 
RA patients, although larger controlled trials are needed to confirm 
these observations.

JAK inhibitors (JAKi): The inhibition JAK tyrosine-kinases 
can lead to a blockade of intracellular signaling of a large number 
of cytokines, many of those involved in the pathophysiology of RA, 
such as the pro-inflammatory cytokines IL-6 and IFN-γ [54]. JAKi 
treatment promotes reduced T Cell and other leukocytes recruitment, 
consequently, synovial inflammation and articular damage in RA 
patients [55,56]. JAKi treatment appears to induce some weight 
gain. Novikova et al. followed 31 patients with RA using tofacitinib 
for 1 year and observed a 4.2% increase in weight [57]. However, 
these patients appear to have a decrease in visceral fat. Concerning 
skeletal muscle, JAKi have been associated with increased serum 
levels of creatine phosphokinase (CPK) in patients with RA and 
other inflammatory arthropathies, without any evidence of muscle 
damage on histological evaluations or clinical symptoms of myalgia 
or weakness [58]. A recent study has proposed that this could be 
the result of inhibition of the cytokine oncostatin M, which can 
block myoblast differentiation. In fact, upadacitinib treated collagen-
induced arthritis (CIA) rats exhibited enhanced serum CPK and 
were protected from muscle fiber area loss, suggestive of a potential 
positive effect on arthritis associated sarcopenia [59]. The only report 
in patients is a small study with 4 patients with bDMARDs (anti-
TNF and anti-IL-6R) and 4 patients with tofacitinib, there was no 
changes in body composition measured by bioelectric impedance in 
the bDMARDs, while tofacitinib increased body fat mass [60]. 

Inhibitors of costimulatory molecules: There is no data from 
the relation of costimulation blocking drugs abatacept and rituximab 
with muscular tissue and its aspects in rheumatic diseases. 

Conclusions

In conclusion, a large proportion of RA patients present 
significant skeletal muscle wasting associated with preserved or 
increased fat mass, which has been attributed to the catabolic 

effects of proinflammatory cytokines and associated with impaired 
function. Although the use of DMARDs, particularly the targeted 
bDMARDs and stDMARDs, has been demonstrated to be very 
effective in controlling joint and systemic inflammation, their effect 
on sarcopenia remains unclear. TNF inhibitors appear to increase fat 
mass with minor changes in lean mass, while tocilizumab, an anti-
IL6R, may have some positive effect by increasing muscle mass, while 
very little or no data is available for other DMARDs. Clearly more 
studies are needed to have a better picture of the impact of these 
drugs on rheumatoid sarcopenia. However, it can be argued that 
controlling inflammation can prevent additional muscle wasting, but 
it is not enough to recover the lost muscle mass. Therefore, additional 
strategies for the management of sarcopenia, such as the combination 
of adequate nutrition and strength exercises, are crucial to maximize 
function in these patients.
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