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ABSTRACT 

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease characterized by progressive joint destruction and 
immunometabolic complications, notably rheumatoid cachexia. This review article investigates the significance and efficacy 
of resistance exercise in mitigating myopenia, sarcopenic obesity, and systemic inflammation in RA patients. The objective 
is to elucidate the underlying molecular mechanotransduction pathways, the role of myokines, and the clinical outcomes of 
progressive resistance training (PRT). A comprehensive review of the current literature, including recent randomized 
controlled trials and meta-analyses, was conducted to evaluate clinical and physiological effects. The findings indicate that 
PRT effectively counteracts muscle atrophy by activating the mTORC1 pathway and exerts potent anti-inflammatory effects 
via the release of muscle-derived interleukin-6 (IL-6). Furthermore, PRT demonstrates synergistic potential with modern 
biological and targeted synthetic disease-modifying anti-rheumatic drugs (DMARDs). Clinically, properly dosed PRT 
improves functional capacity, reduces cardiovascular risk, and alleviates patient-reported outcomes such as fatigue and sleep 
disruption, without exacerbating synovial inflammation or radiographic progression in stable RA. We conclude that 
structured resistance training is a crucial, evidence-based non-pharmacological therapy for RA — warranting equal 
consideration alongside standard aerobic exercises — and provide structured dosing guidelines based on the FITT-VP 
framework. 
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1. Introduction 
Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease characterized by progressive 

destruction of the synovial membrane, cartilage, and bone tissue (Jahid et al., 2023). From the perspective of 

modern rheumatology and clinical physiotherapy, RA should be viewed not merely as an inflammatory 

arthropathy, but as a complex systemic immunometabolic syndrome (Barry, Sheng, & Baker, 2025). One of 

the most debilitating, yet historically marginalized, extra-articular complications of this disease is rheumatoid 

cachexia (Barry, Sheng, & Baker, 2025; Ollewagen et al., 2021). Defined as the involuntary loss of lean body 

mass — predominantly appendicular skeletal muscle tissue (myopenia) — rheumatoid cachexia is frequently 

accompanied by stable or increased adipose tissue mass, culminating in sarcopenic obesity (Baker et al., 2022; 

Cruz-Jentoft et al., 2019; Ollewagen et al., 2021). The pathogenesis of rheumatoid cachexia is inextricably 

linked to chronic systemic hypercytokinemia. Key pro-inflammatory cytokines, most notably tumor necrosis 

factor-alpha (TNF-alpha) and interleukin-1 beta (IL-1beta), stimulate myofibrillar protein degradation by 

activating the ubiquitin-proteasome pathway and inducing myocyte apoptosis (Ollewagen et al., 2021). 

Simultaneously, intracellular anabolic cascades, including the insulin-like growth factor 1 (IGF-1)/PI3K/Akt 

signaling axis, are suppressed, resulting in a net negative protein balance and altered metabolic flux (Casanova-
Vallve et al., 2020; Cong et al., 2026; Velloso, 2008). 

In clinical practice, a critical distinction must be drawn between muscle mass and muscle quality, which 

is defined as the contractile force generated per unit of muscle cross-sectional area. Patients with RA frequently 

exhibit myosteatosis, characterized by the pathological infiltration of inter- and intramuscular adipose tissue 

that blunts contractile efficiency even before gross alterations in total limb mass become clinically evident (Jin 

et al., 2025). Foundational clinical physiology demonstrates that despite systemic inflammation and cachexia, 

intrinsic contractile muscle quality and voluntary neural activation capacity remain fundamentally preserved 

in stable RA (Hurkmans et al., 2009). Rheumatoid muscle tissue is not physiologically refractory to 

mechanotransduction; rather, muscle atrophy in RA is largely a reversible consequence of disuse superimposed 

on inflammatory catabolism. 
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In the course of RA, patients often become trapped in a self-perpetuating vicious cycle of functional 

decompensation. Active synovitis and joint discomfort induce kinesiophobia, leading to a drastic reduction in 

physical activity and localized immobilization. This hypokinesia exacerbates disuse atrophy, which synergizes with 

cytokine-mediated catabolism to intensify secondary myopenia and myosteatosis. The resulting progressive 

weakness of periarticular musculature impairs dynamic joint stabilization, accelerating articular wear and escalating 

pain. The historical paradigm of rheumatological physiotherapy — centered on joint protection, prolonged rest, and 

passive or unweighted range-of-motion exercises — has undergone an evidence-based paradigm shift. Modern 

clinical trial data demonstrate that progressive resistance training not only arrests muscle atrophy and improves 

contractile quality, but also exerts a direct, pleiotropic immunomodulatory effect on systemic inflammation (Cao et 

al., 2025; Hurkmans et al., 2009; Ogawa et al., 2010). 

 

2. Methodology 
This manuscript takes the form of a comprehensive review article. A robust literature search strategy 

was employed to identify relevant physiological, molecular, and clinical studies concerning resistance exercise 

in RA. Databases including PubMed, Scopus, and Cochrane Library were queried using combinations of 

keywords such as "rheumatoid arthritis," "resistance training," "mechanotransduction," "myokines," and 

"sarcopenia." The selection criteria prioritized recent randomized controlled trials (RCTs), systematic reviews, 

meta-analyses, and foundational physiological studies that elucidate both the macroscopic clinical outcomes 

and the microscopic molecular mechanisms of mechanical loading on inflamed articular and muscular tissues. 

 

 

3. Results 

3.1 Mechanotransduction and Tissue Remodeling 
Mechanotransduction is the cellular process of converting mechanical forces — such as tension, axial 

compression, and shear stress — into biochemical signaling cascades. In skeletal muscle, resistance loading 

activates sarcolemmal integrins and focal adhesion kinases, initiating phosphorylation within the serine-

threonine kinase pathway mTORC1 (mechanistic target of rapamycin complex 1) (Hornberger, 2011). As the 

master regulator of protein translation and myofibrillar hypertrophy, mTORC1 activation partially overcomes 

the anabolic block imposed by circulating pro-inflammatory cytokines. In bone tissue — which undergoes 

generalized osteoporosis and periarticular osteopenia in RA (Kareem et al., 2021; Schett & Gravallese, 2012) 

driven by the osteoclastogenic receptor activator of nuclear factor kappa-B ligand (RANKL) complex secreted 

by activated T-lymphocytes and synovial fibroblasts (Kim et al., 2014) — resistance training serves an 

osteoprotective role. Mechanical strain generated by tendinous avulsion forces and axial loading stimulates 

osteocytes to upregulate the Wnt/beta-catenin pathway (Kenkre & Bassett, 2018). This promotes 

osteoblastogenesis and increases the secretion of osteoprotegerin, a soluble decoy receptor and natural inhibitor 

of RANKL (Simonet et al., 1997), thereby restricting excessive bone resorption and preserving bone mineral 

density (Bonewald, 2006; Burr, Robling, & Turner, 2002). Within articular cartilage, cyclic mechanical 

loading within physiological tolerance limits optimizes hydrostatic pressure gradients (Carroll, Buckley, & 

Kelly, 2014; Meyer et al., 2011). This mechanical pumping mechanism is essential for synovial fluid diffusion 

into avascular cartilage tissue, nourishing chondrocytes and upregulating the synthesis of extracellular matrix 

components, including type II collagen and aggrecan (Bačenková et al., 2023). 

 

3.2 Modulation of Inflammation (Myo-endocrinology) 
A transformative discovery explaining the systemic benefits of exercise in inflammatory arthropathies 

is the identification of skeletal muscle as an active endocrine organ. Contracting myocytes synthesize and 

secrete signaling peptides termed myokines, with the interleukin-6 (IL-6) paradox serving as the central 

immunometabolic mechanism (Akira & Kishimoto, 1996; Choy & Panayi, 2001; Gabay, 2006; Pedersen & 

Fischer, 2007; Pedersen, Steensberg, & Schjerling, 2001). Chronically secreted by macrophages and synovial 

fibroblasts in the presence of TNF-alpha, synovial IL-6 drives pannus formation, cartilage erosion, and 

systemic acute-phase responses (Akira & Kishimoto, 1996; Gabay, 2006). Conversely, myokine IL-6 is 

secreted acutely by contracting muscle fibers independently of TNF-alpha, triggering a potent anti-

inflammatory cascade (Pedersen, Steensberg, & Schjerling, 2001). This transient exercise-induced pulse of 

plasma IL-6 stimulates the appearance of circulatory anti-inflammatory mediators, primarily interleukin-10 
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(IL-10) and interleukin-1 receptor antagonist (IL-1ra) (Pedersen & Fischer, 2007; Steensberg et al., 2003). 

Moreover, muscle-derived IL-6 directly suppresses TNF-alpha transcription and secretion in circulating 

mononuclear cells (Petersen & Pedersen, 2005). Consequently, routine progressive resistance training drives 

a long-term down-regulation of basal systemic inflammation, partially mimicking the biological mechanisms 

of disease-modifying anti-rheumatic drugs (DMARDs). Furthermore, resistance training reduces visceral 

adipose tissue — a major reservoir of pro-inflammatory adipokines such as leptin and resistin — further 

alleviating the total inflammatory load (Banerjee & Mani, 2025; Clemente-Suárez et al., 2023; Hemat Jouy et 

al., 2024). 

 

3.3 Pharmacotherapeutic Synergy: Biologics, JAK Inhibitors, and 

Mechanobiology 
In contemporary rheumatology, the majority of patients with moderate-to-severe RA are managed with 

targeted immunomodulating pharmacotherapies, including biological DMARDs (TNF-alpha inhibitors, IL-6 

receptor antagonists) and targeted synthetic DMARDs (Janus kinase [JAK] inhibitors) (Smolen et al., 2018). 

A clinically relevant question is whether blocking the IL-6 receptor with agents such as tocilizumab negates 

the anti-inflammatory and metabolic benefits of exercise-induced myokine IL-6. Clinical and molecular 

observations indicate that while pharmacological IL-6 receptor blockade alters acute circulating IL-6 

clearance, it does not impair downstream intramuscular signaling or myofibrillar protein synthesis (Hein et al., 

2022; Wada et al., 2017). Similarly, the interaction between JAK inhibitors—such as tofacitinib, baricitinib, 

and upadacitinib—and resistance training represents a clinical synergy. JAK/STAT pathway inhibition 

silences the intracellular cytokine signaling responsible for chronic myoprotein catabolism (Cong et al., 2026). 

Clinical trial evidence indicates that JAK inhibition can independently stabilize or modestly improve lower-

limb muscle volume by clearing systemic catabolic signaling (Bennett et al., 2026; Shrager et al., 2024). 

However, pharmacotherapy alone removes the catabolic brake without generating neuromuscular strength or 

hypertrophy. Biologics and JAK inhibitors create the permissive anabolic environment required for tissue 

restoration, whereas progressive resistance training provides the obligate mechanical stimulus that drives 

myofibrillar synthesis, motor unit recruitment, and functional restoration (Baillet et al., 2012; Lemmey et al., 

2009; Sveaas et al., 2017). 

 

3.4 Clinical Effects on Disease Activity and Cardiovascular Risk Mitigation 
Historical skepticism regarding high-intensity resistance training in RA was rooted in concerns that 

mechanical loading and shear friction across joint surfaces would exacerbate synovial inflammation and 

accelerate structural damage. High-quality randomized controlled trials and meta-analyses have refuted this 

assumption (Sveaas et al., 2017). Progressive resistance training conducted under biomechanical control does 

not induce clinical flare-ups as measured by the Disease Activity Score-28 (DAS28) (Lemmey et al., 2009). 

Meta-analyses report a statistically significant reduction in DAS28 scores among patients undergoing 

structured resistance kinesiotherapy compared to sedentary controls, with a standardized mean difference of 

approximately -0.69 (Wen, Z., & Chai, Y. (2021). This stabilization of disease activity occurs alongside 

decreases in circulating acute-phase reactants, specifically C-reactive protein and erythrocyte sedimentation 

rate (Baillet et al., 2012). Crucially, from a clinical cardiology perspective, premature cardiovascular disease 

driven by accelerated atherosclerosis is the leading cause of mortality in RA (Jahid et al., 2023; Smolen et al., 
2018). Systemic inflammation and endothelial dysfunction are intimately linked, as circulating cytokines 

degrade nitric oxide bioavailability, accelerating arterial stiffening and plaque deposition. Supervised 

resistance interventions serve as a potent, non-pharmacological cardioprotective therapy by significantly 

improving vascular endothelial function measured via flow-mediated dilation (Metsios et al., 2014). 
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3.5 Improvement in Functional Parameters 
Resistance training reverses functional decline and improves patient-reported disability, assessed 

primarily via the Health Assessment Questionnaire-Disability Index (HAQ-DI) (Wen & Chai, 2021). In 

clinical trials, structured progressive resistance interventions consistently yield clinically meaningful 

reductions in HAQ-DI scores. This functional restoration is driven by structural and neuromuscular 

adaptations, including the reversal of type II muscle fiber atrophy and an enhanced motor unit firing frequency. 

Quantitative dynamometry confirms significant increases in maximal voluntary isometric contraction and grip 

strength, which serve as independent predictors of functional autonomy, biological aging, and all-cause 

mortality in rheumatic populations (Baillet et al., 2012; Pineda-Juárez et al., 2022). Objective physical 

performance batteries, such as the 30-Second Chair Stand Test, Timed Up and Go test, and 50-foot walk test, 

demonstrate marked improvements in dynamic balance, lower-extremity power, and locomotion (Baillet et al., 

2012; Lemmey et al., 2009; Lourenzi et al., 2017; Wen & Chai, 2021). By stimulating periarticular 

hypertrophy, progressive resistance training establishes a functional muscular corset around synovitis-affected 

joints. This dynamic stabilization dampens peak articular contact pressures and distributes microtraumatic 

shear forces during activities of daily living, thereby protecting vulnerable capsular-ligamentous structures. 

 

3.6 Patient-Reported Outcomes (PROs): Fatigue, Sleep Architecture, and Mood 

Disorders 
In the rheumatology clinic, disease management extends beyond joint counts and inflammatory 

biomarkers. Rheumatoid fatigue is reported by up to 80% of patients as their most debilitating symptom and 

is notoriously refractory to biological or synthetic DMARD escalation (Dey, Parodis, & Nikiphorou, 2021; 

Jiang et al., 2025). Progressive resistance training directly addresses the neurobiological and muscular drivers 

of rheumatoid fatigue. Systematic reviews and meta-analyses demonstrate that resistance exercises produce 

clinically meaningful reductions in standardized fatigue scores, including the FACIT-Fatigue and Bristol 

Rheumatoid Arthritis Fatigue scales (Jiang et al., 2025). Furthermore, muscle fatigue and chronic discomfort 

perpetuate sleep fragmentation, which in turn amplifies pain catastrophizing and daytime exhaustion (Haack, 

M., Simpson, N., Sethna, N., Kaur, S., & Mullington, J., 2020). Progressive resistance training improves sleep 

efficiency and deep-stage sleep architecture, successfully breaking this bidirectional feedback loop (Dey, 

Parodis, & Nikiphorou, 2021). Because RA is also associated with high rates of comorbid mild-to-moderate 

depression and anxiety, resistance training provides self-efficacy reinforcement and stimulates neurotrophic 

factor release, including brain-derived neurotrophic factor, to significantly lower psychiatric symptom burden 

(Jiang et al., 2025). 

 

 

4. Discussion 

4.1 Dosing, Risk Management, and Evidence-Based FITT-VP Parameters 
Prescribing kinesiotherapy in RA requires a dosed, quantitative approach treated with the same precision 

as pharmacotherapy. Clinical practice guidelines established by the European Alliance of Associations for 

Rheumatology (EULAR) and the American College of Rheumatology (ACR) advise moving beyond 

generalized recommendations toward structured exercise prescriptions (England et al., 2023; Rausch Osthoff 

et al., 2026). The clinical dosing algorithm is structured around the FITT-VP framework—Frequency, 

Intensity, Time, Type, Volume, and Progression—allowing clinicians to titrate mechanical stress against the 

patient's immediate immunological and structural tolerance (Tan et al., 2026; Wu et al., 2022). 

For stable RA, training frequency should be established at two to three days per week on non-

consecutive days, maintaining a minimum of 48 hours of rest between sessions to allow adequate protein 

synthesis and neuromuscular recovery without triggering synovial flare-ups. Exercise intensity must be 

periodized, initiating at 40% to 50% of the one-repetition maximum (1RM) during the anatomical adaptation 

phase, and advancing to 60% to 80% of 1RM. The duration of mechanical work should remain between 30 

and 45 minutes per session, excluding warm-up and cool-down protocols, to prevent excessive central neuro-

fatigue and limit prolonged joint compression cycles. Exercise selection should prioritize isotonic resistance 

modalities; selectorized resistance machines are strongly preferred initially over free weights or bands because 

they enforce a fixed axis of rotation that protects unstable joints. Training volume should comprise two to three 

sets of 8 to 12 repetitions targeting major functional muscle groups, generating sufficient time-under-tension 
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for hypertrophy without precipitating synovial effusion. Progression must follow a gradual, quantitative 

trajectory, increasing loads by 2% to 5% only after the patient achieves the upper repetition limit across two 

consecutive sessions without pain exacerbation exceeding a 2-point increase on a 10-point Visual Analog Scale 

(VAS) 24 hours post-exercise (Tan et al., 2026; Wu et al., 2022). 

Table 1. Evidence-Based FITT-VP Parameters in Stable Rheumatoid Arthritis 

Parameter Description 
Recommendation for 

Stable RA 
Clinical Considerations 

 

Frequency Days per week 2-3 non-consecutive days 
Minimum 48 hours rest 

between sessions. Divide 

sessions if fatigue is high  

Intensity Load / Effort level 
40-50% 1RM (initial) → 

60-80% 1RM 

Use slower movements 

instead of heavier 

weights.  

Time Duration of session 30-45 minutes 
Excludes warm-up/cool-

down. Limit prolonged 

joint compression cycles. 

Type Exercise Modality 
Isotonic, selectorized 

machines 

Machines enforce fixed 

axes of rotation, 

protecting unstable joints. 

Volume Sets and Repetitions 
2-3 sets of 8-12 

repetitions 

Target major functional 

muscle groups to generate 

adequate time-under-

tension. 

Progression Advancement 
Gradual 2-5% load 

increases 

Advance only if post-

exercise pain is <2 points 

increase on 10-point 

VAS. 

 

4.2 Radiographic Stratification and Cervical Spine Safety 
A critical clinical refinement to the FITT-VP framework involves stratifying patients by pre-existing 

structural damage using validated radiographic indices, such as Sharp/van der Heijde or Larsen erosion scores 
(den Broeder et al., 2025; van der Heijde, 2000). In patients with early to moderate radiographic damage 

corresponding to Larsen scores of 0 to 2, long-term randomized controlled trials, including the landmark 

RAPIT (Rheumatoid Arthritis Patients In Training) trial, demonstrate that high-intensity weight-bearing and 
resistance training do not accelerate radiographic erosion or joint space narrowing (de Jong et al., 2003, 2004). 

In contrast, patients presenting with severe erosive disease corresponding to Larsen scores of 3 to 5 exhibit 

extensive cartilage attenuation and joint subluxation, where unguided high-intensity loads can easily exceed 

biomechanical tissue tolerance (Munneke et al., 2005). In these cohorts, open-kinetic-chain high-shear 

exercises across severely eroded joints must be restricted, prioritizing closed-kinetic-chain machines with 

controlled ranges of motion and shifting the focus toward time-under-tension at lower absolute loads. 

Additionally, because up to 20% of patients with long-standing erosive RA develop cervical spine involvement 

— most notably anterior atlantoaxial subluxation (Gillick, Wainwright, & Das, 2015) — mandatory clinical 

screening and flexion-extension cervical radiography must be performed prior to prescribing heavy axial loads 

such as barbell back squats or overhead presses to prevent cervical myelopathy or spinal cord compression. 
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4.3 Clinical Management During Acute Synovial Flares 
When a patient experiences an acute synovial flare characterized by localized erythema, swelling, calor, 

and resting pain, conventional high-intensity isotonic resistance training is strictly contraindicated for the 

affected articular segment (Shrager et al., 2024). However, complete bed rest and systemic hypokinesia must 

be avoided. Clinical management should immediately shift toward sub-maximal isometric contractions, 

utilizing multi-angle isometric holds at 30% to 40% of maximal voluntary contraction across the inflamed joint 

(Wada et al., 2017). Isometric exercise generates minimal intra-articular shear stress and prevents friction-

induced microtrauma, yet successfully preserves motor unit recruitment, limits rapid neurogenic muscle 

wasting, and facilitates lymphatic drainage of synovial effusions (Oranchuk, D. J., Storey, A. G., Nelson, A. 

R., & Cronin, J. B., 2019). In alignment with updated EULAR recommendations, training must be dynamically 

adjusted for energy and comfort. During active inflammation, the clinical focus should temporarily transition 

to gentle range-of-motion movements while resting significantly swollen joints, with regular activity levels 

resuming only as symptoms settle. To maximize patient comfort and improve long-term adherence, clinicians 

must actively tailor the form of activity through shared decision-making, directly accounting for the patient's 

immediate capabilities, preferences, and available resources during a flare-up (Rausch Osthoff et al., 2026).  

5. Conclusion and Future Directions 
In the contemporary era of immunometabolism and clinical mechanobiology, resistance training can no 

longer be viewed as an optional lifestyle adjunct for patients with rheumatoid arthritis. Properly dosed 

mechanical loading is a foundational therapeutic pillar that breaks the self-perpetuating cycle of rheumatoid 

cachexia, sarcopenic obesity, and cardiovascular decompensation (Tan et al., 2026). By upregulating intrinsic 

myo-endocrine pathways, progressive resistance training induces anti-inflammatory signaling, preserves 

contractile muscle quality, reverses functional disability, and mitigates debilitating fatigue without accelerating 

synovitis or joint destruction (Baillet et al., 2012; Pineda-Juárez et al., 2022; Pedersen, Steensberg, & 

Schjerling, 2001; Dey, Parodis, & Nikiphorou, 2021). To further elevate clinical practice, future research must 

prioritize extended longitudinal trials exceeding 24 to 36 months to evaluate the combined impact of structured 

resistance training and biologics on hard endpoints, including arterial plaque regression and structural erosion 

stabilization. Additional investigations must explore how specific targeted therapies modulate intracellular 

myofibrillar protein synthesis during mechanical loading, while biomarker-driven research should focus on 

identifying multi-omics, epigenetic, or myokine signatures capable of predicting exercise responders in clinical 

rheumatology. Ultimately, the critical take-home message is that while structured resistance training offers 

profound neuromuscular and metabolic benefits, its clinical application demands cautious, highly 

individualized evaluation. In alignment with recent EULAR and ACR guidelines, optimizing these 

interventions requires a multidisciplinary alliance among rheumatologists, specialized physical therapists, and 

exercise physiologists (Rausch Osthoff et al., 2026; England et al., 2023). Because the structural and 

immunological landscape of RA is uniquely heterogeneous in every patient, exercise prescriptions cannot be 

uniformly applied. Rather, they must be meticulously tailored to the individual’s radiographic disease stage, 

daily symptom fluctuations, and personal preferences through shared decision-making. Through this strictly 

personalized and collaborative approach, we can foster the long-term adherence necessary to safely enhance 

functional autonomy and elevate patient quality of life, even as we await further longitudinal data to 

definitively refine our clinical protocols.  

Ethics Approval: Not applicable. This review article does not involve new human or animal 

subjects research. 
Conflicts of Interest: No conflicts of interest to declare. 
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