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Objective: To compare the efficacy of various exercise modalities for Rheumatoid arthritis (RA) employing a network meta-analysis.
Methods: A systematic search was conducted across eight databases—PubMed, Embase, Cochrane Library, Web of Science, CNKI, 
Wanfang, VIP, and SinoMed—up to December 4, 2024, for randomized controlled trials on exercise for RA. The Cochrane Risk of 
Bias Assessment Tool (RoB 2) assessed study quality. A network meta-analysis was performed utilizing Stata 17.0. Our study 
measured outcomes through mean differences (MD) accompanied by 95% credible intervals (CIs) to quantify effect sizes, while 
interventions were ranked using surface under the cumulative ranking curve (SUCRA) probability scores, and the Confidence in 
Network Meta-Analysis (CINeMA) software to evaluate evidence certainty.
Results: A total of 34 trials included 2,435 RA patients and 10 exercise interventions: walking or jogging, relaxation training, 
resistance exercise, Pilates, aerobic exercise, aerobic exercise + resistance exercise, yoga, traditional Chinese exercise, cycling, and 
Pilates + walking or jogging. The NMA results indicated that Pilates was the most effective for pain relief (VAS: MD = −2.17 cm, 95% 
CI: −3.77 to −2.57, SUCRA = 91.8%); aerobic exercise + resistance exercise was most effective for reducing morning stiffness 
duration (MD = −8.23 min, 95% CI: −9.06 to −7.39, SUCRA = 100.0%); and traditional Chinese exercise was most effective for 
improving disease activity (DAS28-ESR: MD = −0.68 scores, 95% CI: −1.04 to −0.32, SUCRA = 95.5%). Risk assessment showed 4 
studies “low”, 4 “high”, and 26 “some concern” regarding bias. The CINeMA assessment indicated that most comparisons provided 
low or very low-quality evidence.
Conclusion: Exercise interventions are effective supplements for RA treatment, with specific exercises offering distinct benefits: 
Pilates for pain, aerobic exercise + resistance exercise for morning stiffness, traditional Chinese exercise for disease activity. Further 
high-quality studies are needed for validation.
Keywords: exercise, rheumatoid arthritis, network meta-analysis, systematic review, pain, pilates

Introduction
Rheumatoid arthritis (RA) is an autoimmune joint disorder marked by joint pain, swelling, and morning stiffness.1 RA 
primarily affects the small joints of the extremities, such as the hands and feet,2 leading to progressive joint destruction,3 

deformities, dysfunction, chronic pain, long-term disability, and premature death.4 Furthermore, RA patients are 32 times 
more likely to be unemployed due to health issues compared to the general population,5 exacerbating the economic 
burden on patients. The most recent Global Burden of Disease study reports that approximately 17.6 million people 
worldwide suffer from RA,6 with projections indicating an increase to 31.7 million by 2050, thereby placing even greater 
pressure on healthcare systems to meet the demand for medical resources.7

To date, conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) continue to serve as the primary 
therapeutic option for RA.8 Although effective in controlling or delaying disease progression, their use is often limited by 
slow onset, adverse effects, incomplete remission, and the development of drug resistance in some patients. Moreover, 
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csDMARDs are typically used in combination with glucocorticoids, which amplifies the likelihood of issues like 
osteoporosis and infections.9 In recent years, the clinical use of biologics and Janus kinase (JAK) inhibitors has increased 
the treatment success rate in RA patients, although long-term risks of infection and tumors remain a concern.10 

Therefore, exploring alternative treatments to pharmacologic therapy is crucial. Pain is one of the earliest and most 
debilitating symptoms in RA patients.5,11 Although powerful Disease-Modifying Antirheumatic Drugs (DMARDs) are 
effective in controlling joint inflammation, many RA patients still experience pain,12,13 which not only affects their 
quality of life but may also lead to psychological problems14 and restrictions in social interactions.15 Effective manage
ment of pain in RA patients is crucial for improving prognosis. Recent randomized controlled trials (RCTs) indicate that 
exercise is effective in relieving pain and fatigue, and improving physical capacity, aerobic function, psychological well- 
being, and sleep quality in RA patients.16–18 Additionally, laboratory studies have found that exercise can trigger 
a systemic anti-inflammatory response by promoting the secretion of myokines (such as muscle-derived Interleukin-6) 
from skeletal muscle and downregulating synovial inflammatory pathways.19

Exercise therapy for RA is well-established for its effectiveness, safety, affordability, and sustainability.20,21 During 
public health emergencies (eg, COVID-19 outbreaks), when access to pharmacologic treatments is limited, the impor
tance of exercise as a complementary or alternative therapy becomes more pronounced.22 The 2022 American College of 
Rheumatology Guidelines for Exercise, Rehabilitation, Diet, and Additional Integrative Interventions for Rheumatoid 
Arthritis clearly state that regular exercise improves physical function and alleviates pain in RA patients and recommend 
adherence to exercise, but do not provide details on the various types of exercise.23 RCTs on exercise for rheumatoid 
arthritis are growing in number,16–18,24,25 yet systematic evaluation studies comparing different exercise interventions 
remain lacking. Network meta-analysis (NMA), a statistical method based on indirect comparisons, integrates both direct 
and indirect evidence while simultaneously assessing the relative effectiveness of multiple interventions.26 Additionally, 
NMA can rank the effectiveness of interventions and assist in selecting the optimal treatment regimen.27,28 This research 
pioneers NMA-based comparative efficacy rankings for diverse exercise interventions in RA management, aiming to 
provide evidence-based support for selecting appropriate exercise modalities to improve clinical outcomes and guide 
clinical practice.

Methods
The procedure for our systematic review and NMA was properly logged on PROSPERO (reference number 
CRD42022342845). Our study strictly followed the PRISMA guidelines of 2020 and the PRISMA-NMA extension 
for NMA.29,30 Table S1 contains the PRISMA checklist.

Search Strategy
A search across eight databases—PubMed, Cochrane Library, Excerpta Medica Database, Web of Science, China 
National Knowledge Infrastructure, WanFang, Chinese Scientific Journal Database, and SinoMed—was conducted for 
RCTs on exercise for RA from the inception of each database until December 4, 2024. Table S2 provides the search 
strategy for the corresponding databases. Three evaluators independently conducted the literature search and screening, 
with disagreements resolved by consulting a fourth evaluator.

Eligibility Criteria
Inclusion Criteria

(1) Study subjects: RA patients who met the 2010 American College of Rheumatology (ACR)/ European League 
Against Rheumatism classification criteria or the 1987 ACR classification criteria,24 with no restrictions based on 
age, gender, or race.

(2) Intervention group: RA patients who received exercise therapy. Exercise was defined as a planned, structured, 
organized, and repetitive form of physical activity aimed at improving or maintaining one or more aspects of 
physical health.27,31,32

(3) Control group: RA patients receiving usual care. “Usual care” is defined as standard medical and nursing 
management provided in daily clinical practice, without the addition of additional structured or supervised exercise 
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training programs. It typically includes maintenance of usual activities, medication and follow-up as prescribed, 
usual care and health education (eg, advice on disease knowledge, lifestyle, and exercise benefits), psychological 
care, and nutritional or lifestyle counseling.

(4) Primary outcome indicators were the visual analogue scale (VAS), morning stiffness (MS) duration, and the 
disease activity score 28-erythrocyte sedimentation rate (DAS28-ESR); secondary outcome measures included 
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP).

(5) Study design: RCTs.
(6) Study language: papers were written in Chinese or English.

Exclusion Criteria
(1) Intervention did not include exercise.
(2) Study population consisted of non-RA patients.
(3) Study design was non-RCT.
(4) Animal or cellular studies were included.
(5) Studies that were repeatedly published.
(6) Review articles and conference papers with unavailable full text.

Study Selection
In accordance with the research protocol, two researchers independently searched and screened the literature. 
Discrepancies prompted consultation with a third party to validate data integrity. First, the literature retrieved from the 
database was imported into EndNote20 software and de-duplicated using both automatic and manual methods. Next, the 
titles and abstracts were reviewed for initial screening to exclude non-compliant studies. Finally, the final included 
studies were identified by reviewing the full text.

Data Collection
For eligible studies, we extracted information: study characteristics (first author’s name and year of publication), study 
population (sample size, age, and gender), treatment modalities (type of treatment and specific details), and study 
outcomes. Data were extracted and verified by two independent reviewers. Any inconsistencies were resolved and 
arbitrated by a third reviewer.

Risk of Bias and Evidence Quality Assessment
The methodological quality of the included studies was assessed using the Cochrane Risk of Bias Tool (version 2), which 
examines potential biases across several domains: randomization procedures, adherence to intervention protocols, 
handling of missing data, outcome assessment methods, and selective reporting tendencies.33 For each criterion, studies 
were classified as having either a low risk of bias, presenting some concerns, or demonstrating a high risk of bias. Two 
reviewers independently assessed the risk of bias of the included studies. Conflict resolution involved consulting an 
additional evaluator, and the final decision was made collectively by all three reviewers. Additionally, we used 
confidence in network meta-analysis (CINeMA) software to assess the evidence from the included studies, addressing 
six domains: internal bias, publication bias, indirect evidence, variability, inconsistency, and lack of coherence.34,35

Statistical Analysis
Data were analyzed with Stata. All outcome measures were continuous variables, with results expressed as mean 
differences (MD). A NMA was conducted using a random-effects model. Evidence networks were constructed to 
illustrate the relationships between interventions, with node size representing sample size and edge thickness indicating 
the amount of direct evidence between interventions. Inconsistency was considered absent when P > 0.05 and was 
assessed using the consistency model. Interventions were ranked based on the surface under the cumulative ranking curve 
(SUCRA), with higher SUCRA values indicating superior efficacy. Comparison-adjusted funnel plots were employed to 
evaluate publication bias. We also performed conventional pairwise meta-analyses with Stata.
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Results
Study Selection
A total of 15,037 documents were retrieved from eight databases and managed using EndNote 20. Initially, the list was 
trimmed by removing 2,557 duplicates. Subsequently, after an initial glance at the titles and summaries, an additional 
11,313 studies were set aside. Finally, the 1,167 remaining candidates were subjected to a closer examination of their 
complete texts, resulting in 34 studies being included.16–18,24,25,36–64 Of these, 24 were in English and 10 in Chinese. 
Figure 1 depicts the review methodology.

Study Characteristics
34 studies were included across 10 nations, encompassing 2,435 RA patients split between the intervention (1,252) and 
control (1,183) groups. Eleven different therapeutic measures were used in these 34 studies, including usual care (UC), 
walking or jogging (WJ), relaxation training (RT), resistance exercise (RE), Pilates, aerobic exercise (AE), aerobic 
exercise + resistance exercise (AE + RE), yoga, traditional Chinese exercise (TCE), cycling, and Pilates + walking or 
jogging (Pilates + WJ). The basic characteristics of the included studies are summarized in Table 1.

Figure 1 Flowchart of the search for eligible studies. Embase Database: Excerpta Medica Database; WOS: Web of Science Database; CNKI: China National Knowledge 
Infrastructure; WanFang: the WanFang Database; VIP: the Chinese Scientific Journals Full-Text Database; SinoMed: the Chinese Biomedical Literature Database.
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Table 1 Characteristics of Included Studies

Study ID Gender 
(Male/ 

Female)

Average 
Age

Sample 
Size

Treatment Detail Length Outcomes

B. J. Andonian 
(2024)16

NA 65.6 12 Aerobic 
exercise+ 
Resistance 
exercise

Do 150 minutes of moderate-to-vigorous aerobic activity weekly. 
Strength train twice a week with 10–11 exercises (1–3 sets of 8–15 reps) 

for all major muscle groups.

16 weeks D

NA 67.7 12 Usual care Attend two 60-minute lifestyle counseling sessions, then continue usual 
care.

A. Kılıç 
(2023)17

NA 46.3 37 Relaxation 
training

Patients inhale deeply while contracting their muscles and exhale as they 
relax, progressing. The program consists of two sessions: the first lasting 

10 minutes and the second 35 minutes, performed twice daily for six 
weeks.

6 weeks NA

8/29 56.6 37 Usual care Health status information is collected through weekly telephone 
interviews.

A. Ayyildiz 
(2023)18

0/24 41.4 24 Resistance 
exercise

3 weekly sessions, with one conducted 
by a physical therapist and the remaining 

sessions performed by the patient at 
home, each lasting 50 minutes.

Add resistance exercises to 
the same muscle group.

12 weeks NA

0/23 43.7 23 Walking or 
jogging

Performe on a treadmill 
(20 minutes at 85% of 

maximal heart rate) or brisk 
walking outside the hospital.

0/23 42.3 23 Relaxation 
training

Hip flexion, extension and 
abduction, knee flexion and 
extension, and ankle flexion 

and extension.

Tian C (2024)24 NA 54.8 33 Traditional 
Chinese 
exercise

Perform Yijinjing exercises three times a week for 12 weeks. Each session 
lasts 1 hour and includes three complete sets of Yijinjing exercises.

12 weeks A C

NA 51.63 33 Usual care Receive routine joint rehabilitation guidance, including energy 
conservation and protection, without additional exercise interventions.

S. Gautam 
(2023)25

6/26 46.0 32 Yoga The intervention consists of yogic practices, including asanas, pranayama, 
dhyana, and savasana, followed by interactive counseling sessions on yoga, 
stress management, nutrition, and personal lifestyle management. Include 

five weekly sessions, each lasting 120 minutes, for a duration of eight 
weeks.

8 weeks C

9/23 41.8 32 Usual care Continue regular medical care and maintain normal daily physical 
activities and lifestyle.

Zhang BS 
(2024)36

NA NA 35 Resistance 
exercise

Warm up for 10 minutes, then perform range-of-motion and strength 
training with weight-bearing resistance for 3–5 minutes. Perform 

resistance exercises with elastic objects and rubber bands for 
3–5 minutes, repeated for 2–5 sessions, 1–2 times per day, followed by 

5–10 minutes of relaxation and stretching.

6 months NA

NA NA 35 Usual care Routine treatment, nursing care, and targeted drug therapy

Sima PP 
(2024)37

26/20 50.13 46 Aerobic 
exercise+ 
Resistance 
exercise

Select appropriate aerobic exercises, such as brisk walking, cycling, or 
swimming, for 10–20 minutes per session, 2–3 times per day. Incorporate 
strength exercises, such as weightlifting, dumbbell training, or machine- 

based training, performing 8–12 repetitions for 2–3 sets per muscle 
group.

NA NA

28/18 50.22 46 Usual care Routine health education and functional exercise.

Liu M (2024)38 24/35 53.86 59 Resistance 
exercise

Implement a chronic disease management model. Strength training is 
performed 2–3 times per week, with each session lasting 30–60 minutes.

3 months A B D E

23/36 55.03 59 Usual care Adopt routine nursing measures

(Continued)
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Table 1 (Continued). 

Study ID Gender 
(Male/ 

Female)

Average 
Age

Sample 
Size

Treatment Detail Length Outcomes

You DD 
(2023)39

39/47 48.32 86 Traditional 
Chinese 
exercise

The nursing staff guides the patients to exercise together once daily. NA NA

40/46 49.65 86 Usual care Routine nursing includes signs monitoring and care, environmental 
intervention, psychological nursing, rehabilitation training and continuous 

nursing.

K. Loeppenthin 
(2022)40

4/13 57.8 17 Cycling Consist of 18 cycling sessions: 3 sessions of 20 to 30 minutes per week 
for 6 weeks. Each session is initiated by a 5-minute warm-up, followed by 
four blocks of 5–7.5-minute alternating periods of continuous moderate 

intensity (40%–50%) and intermittent high-intensity aerobic exercise 
(70%–80% watt max), and finally a 5-minute cooldown.

6 weeks A

1/20 54.8 21 Usual care Receive usual care and maintain normal everyday activities.

S. Gautam 
(2022)41

8/62 44.63 70 Yoga Each session includes a set of asanas, pranayama and dhyana for 
approximately 120 min per day. The sessions are held five times a week 

for eight weeks.

8 weeks C

14/56 47.01 70 Usual care Continue with their medicines and also to maintain day-to-day activities.

Jie D (2022)42 2/8 52.4 10 Traditional 
Chinese 
exercise

Consist of tai chi session and hand exercise. The tai chi session includes 
10 minutes of warm-up exercise, 20 minutes of tai chi walking, and 

20 minutes of tai chi motions.

12 weeks B D E

2/8 52.4 10 Usual care Maintained original life.

Zhang SY 
(2022)43

24/20 67.33 44 Traditional 
Chinese 
exercise

Once daily for 30 minutes for the first 2 weeks. In the third and fourth 
weeks, master Baduanjin Eight-style exercises, 30 minutes each time, 3 

times a day.

4 weeks A

22/22 67.93 44 Usual care Routine health education management.

Cui S (2022)44 10/20 45.79 30 Aerobic 
exercise+ 
Resistance 
exercise

Aerobic exercise, strength training, joint gymnastics, and strength 
training.

NA B

12/18 45.62 30 Usual care Routine care.

S.B. Yentur 
(2021)45

NA 48.2 10 Pilates 3 times in a week and 45 min per session.Including breath control, 
postural exercises, sitting exercises, and proprioceptive exercises. 

Stretching, relaxation, and postural exercises are used for cool-down.

8 weeks A

NA 50.7 10 Walking or 
jogging

Walk on treadmill for three times in a week. The aim is to reach 60–80% 
of maximum heart rate as training workload.

NA 50.7 10 Pilates+ 
Walkingor 

jogging

Walking is applied to the patients, and then pilates exercises are applied 
after 15 min of resting period for 3 times in a week.

Wang ZH 
(2021)46

20/17 43.26 37 Aerobic 
exercise+ 
Resistance 
exercise

Aerobic exercise is performed 5 times a week for 20min each time. 
Strength exercises are performed 5 times a week for 20min each time. 
Muscle strengthening exercises are performed twice daily for 5 minutes. 

Joint movement is performed once a day for 15 minutes.

1 month A B

19/18 43.7 37 Usual care Carry out routine nursing, strictly follow the doctor’s advice for 
medication guidance, and inform the disease and treatment related 

knowledge, charge the matters needing attention during rehabilitation, 
and guide daily life.

(Continued)
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Table 1 (Continued). 

Study ID Gender 
(Male/ 

Female)

Average 
Age

Sample 
Size

Treatment Detail Length Outcomes

A. Pukšić 
(2021)47

0/30 52.9 30 Yoga Two times weekly with 90 min per session for 12 weeks.The session 
starts with a guided relaxation, which is followed by the practice of 
physical postures and breathing exercises, short relaxation, a special 

alternate nostril breathing technique, self-inquiry meditation and closing 
OM chant.

12 weeks A

3/24 57.9 27 Usual care 1 weekly sessions, 60-minute educational lectures on arthritis-related 
topics.

S.G. McKenna 
(2021)48

0/10 58 10 Walking or 
jogging

A walking-based intervention consisting of 28 sessions, spreads over 
8 weeks (2–5 times/week).

8 weeks A

0/10 56 10 Usual care Receive verbal and written advice on the benefits of exercise.

S. Gautam 
(2021)49

6/29 45.6 35 Yoga Yogic practices include asanas, pranayama and dhyana. Five times a week 
120 min duration per session for 8-weeks.

8 weeks C

8/27 44.5 35 Usual care Continue with usual medical care and maintain normal daily physical 
activities.

S. Rezaei 
(2020)50

NA 40.4 28 Walking or 
jogging

30 walks over 8 weeks (5 in weeks 1 and 2, 4 in weeks 3 and 4, and 3 in 
weeks 5 to 8). From week 1 to week 8, exercise duration decreased from 

60 to 30 minutes and exercise intensity increased from 60% to 70%.

8 weeks NA

NA 41.2 28 Usual care Only medication (routine treatment).

S. Gautam 
(2020)51

5/28 45.1 33 Yoga Five times a week, each lasting 120 minutes, for 8 weeks. Including asanas, 
pranada, meditation, and savasana, followed by interactive counseling 
sessions on yoga, stress management, nutrition, and personal lifestyle 

management.

8 weeks C

8/25 43.4 33 Usual care Continue with usual medical care.

A. Ganesan 
(2020)52

NA 41.33 83 Yoga Each lasting 30 minutes, 3 times a week. Yoga therapy originally consists of 
warm-up, sukshma vyayama, some asanas, pranayama, and zen 

(meditation). When fully trained, yoga therapy includes all asanas and 
pranayama.

12 weeks NA

NA 42.59 83 Usual care Only standard medical treatment.

Zeng YY 
(2020)53

16/18 37.73 34 Aerobic 
exercise

An average of 3 sessions per week for 8 weeks. The amount of exercise is 
divided into three stages according to the increasing trend.

8 weeks NA

15/19 36.75 34 Usual care Health education and maintain daily living status.

A. Gautam 
(2019)54

7/29 45.7 36 Yoga Each session of this program lasts for 120 min per day and 5 sessions per 
week for 8 weeks. The session includes a set of different asanas, 

pranayama and dhyana suitably.

8 weeks C D E

9/27 42.1 36 Usual care Maintain daily routine.

L.Ward 
(2018)55

0/13 50 13 Yoga Group practice consists of once-weekly 75-min yoga classes. Home 
practice consists of a 20-min guided relaxation, based on the relaxation 

technique practised in the group sessions. Perform 3 times a week 
according to a CD recorded by a yoga instructor.

8 weeks A

1/12 59 13 Usual care Continue with usual medical care.

F.M. Lourenzi 
(2017)56

2/25 52.63 27 Resistance 
exercise

Two sets of eight repetitions are performed. The first set with 50% of one 
repetition maximum, and the second set with 70% of one repetition 

maximum. A rest interval of two minutes is given between sets. Twice 
a week, each session lasting 50 to 60 minutes, over a 12-weeks period.

12 weeks NA

3/30 50.88 33 Usual care Conventional medical treatment and contact with the investigator by 
telephone or Email once a week.

(Continued)
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Risk of Bias in Included Studies
Regarding randomization, 13 studies mentioned randomized groups but did not specify the randomization method, while 
21 studies used randomized numeric tables, and 1 study did not report whether baseline characteristics were comparable 
between groups. Consequently, 20 studies were assessed as having a “low risk” of bias, while the others were categorized 

Table 1 (Continued). 

Study ID Gender 
(Male/ 

Female)

Average 
Age

Sample 
Size

Treatment Detail Length Outcomes

Y.J. 
Shapoorabadi 
(2016)57

NA 51.18 18 Cycling For 12 min during the first session and gradually it increases to 35 min 
during the 8 weeks of the study. The exercise is conducted at 

a submaximal intensity (60–70% of reserve heart rate).

8 weeks NA

NA 52.67 18 Usual care Only medication for 8 weeks.

S.V. Baxter 
(2016)58

NA 66.6 11 Walking or 
jogging

Receive instructions on a walking route with three loops, and complete 
3–4 times per week, at moderate intensity (6 on a 10-point scale of self- 

rated exertion levels).

6 weeks NA

NA 59.4 22 Usual care Receive a nutrition education session.

Zhang 
C (2015)59

NA NA 30 Traditional 
Chinese 
exercise

Health education, establish health records, telephone follow-up is 
conducted once a week, and life guidance is given, and Baduanjin practice 

once a day in the morning and evening, 20 minutes each time, for 3 
months.

3 months NA

NA NA 30 Usual care Health education, establish health records, telephone follow-up is 
conducted once a week, and life guidance is given.

G.S. Metsios 
(2014)60

NA NA 20 Aerobic 
exercise+ 
Resistance 
exercise

Perform a 6-month individualised resistance and aerobic exercise training. 6 months NA

NA NA 20 Usual care Receive only advice about the benefits of exercise.

He P (2012)61 NA NA 45 Traditional 
Chinese 
exercise

The basic Wuqinxi training is carried out for 1 week at first, and the 
experiment is carried out after proficiency. The exercise is performed 

once a day, each time for 3 times, a total of 40 minutes, and lasted for 6 
months. The heart rate reaches (170-age) beats/min for more than 

15 minutes.

6 months B D E

15/25 46.8 40 Usual care Maintain a normal life.

Wang CC 
(2008)62

2/8 48 10 Traditional 
Chinese 
exercise

Two 60-min Tai Chi sessions are conducted each week for 12 weeks. Each 
session included: 10 min of warm-up and a review of Tai Chi principles; 
30 min of Tai Chi exercises; 10 min of breathing technique, and 10 min of 

relaxation.

12 weeks A D E

3/7 51 10 Relaxation 
training

Two 60-min sessions per week for 12 weeks. Each session starts with 
40 min of information. The final 20 min consists of stretching exercises 
involving the upper body, trunk and lower body, each stretch being held 

for 10–15s.

Yang DJ 
(2005)63

13/72 42 85 Aerobic 
exercise

Receive 30-minute active resistance training each time, four times a week, 
and a total of 12 weeks. While training, the heart rate reached 60% to 

80%.

12 weeks NA

30/11 46 41 Usual care Only the mutine medicative therapy.

A. Lundgren 
(1999)64

7/30 57 37 Relaxation 
training

For 30 minutes, twice a week. A supervising physical therapist is always 
present to correct errors or assist patients experiencing difficulties.

10 weeks NA

9/22 57 31 Usual care Follow regular medical check-ups, treatments, and physiotherapy 
programs.

Abbreviations: The meaning of the number represented in the Outcome, A, Visual Analogue Scale (VAS). B, morning stiffness duration. C, Disease Activity Score 28- 
Erythrocyte Sedimentation Rate (DAS28-ESR). D, Erythrocyte Sedimentation Rate (ESR). E, C-Reactive Protein (CRP).
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as having “some concern.” Regarding blinding, only 8 studies were conducted using the single investigator blindness, 
while the remaining studies did not mention blinding. Regarding missing outcome data, nine studies explicitly stated that 
they reported all outcome data, while the others did not. For outcome measures, 3 studies were rated as “high risk”, 6 as 
“low risk”, and the remaining studies as “some concern.” Regarding selective reporting of outcomes, 17 studies had trial 
registration. A comparison of outcome measures in the protocol with those in published articles revealed no selective 
reporting. All 17 studies were judged to be “low risk”, and the rest were “some concern”. Overall, bias assessments 
revealed “low risk” in 4 investigations, “high risk” in 4, and “some concern” in the other 26. The findings from the risk of 
bias evaluation for all studies incorporated are illustrated in Figure 2.

Pairwise Meta-Analysis
We performed a paired meta-analysis of all interventions for the five outcomes. Forest plots and heterogeneity analyses of 
pairwise meta-analyses of outcomes are provided in Figure S1.1–1.5. Compared with usual care, the MD of VAS score 
for exercise intervention was −1.15 cm (95% CI: −1.38 to −0.93), and morning stiffness duration had a MD of 
−4.64 minutes (95% CI: −7.37 to −1.92), DAS28-ESR MD = −0.39 scores (95% CI: −0.57 to −0.20), ESR MD = 
−6.79 mm/h (95% CI: −13.54 to −0.03), CRP MD = −3.36 mg/L (95% CI: −6.31 to −0.40). Except for ESR, pairwise 
comparisons between exercise intervention and routine care were statistically significant.

Network Meta-Analysis
The network structure diagram for all outcome indicators is presented in Figure 3. The results of the league table are 
presented in Figure 4. We calculated the SUCRA values for different treatment modalities based on all outcome 
indicators (Table S3.1–3.5) and displayed them in a cumulative frequency ranking graph (Figure S2.1–2.5). The relative 
efficacy of each treatment modality was comprehensively evaluated based on the league table and SUCRA values.

VAS
A total of 10 research38,40,43,45–48,55,62 reported VAS covering 10 therapeutic modalities: relaxation training (1), yoga (2), 
UC (8), WJ (2), Pilates (1), Pilates + WJ (1), bicycling (1), RE (1), TCE (3), and AE + RE (1). The network plot in 
Figure 3 shows that the most studies involved yoga versus UC and TCE versus UC, with 2 studies in each comparison. 
Based on the league table in Figure 4, compared to usual care, Pilates had a MD of −2.17 cm (95% CI −3.77 to −2.57), 

Figure 2 Overall summary risk of bias.
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AE + RE MD = −1.67 cm (95% CI −2.17 to −1.17), WJ MD = −1.77 cm (95% CI −3.36 to −0.17), Pilates + WJ MD = 
−1.67 cm (95% CI −3.28 to −0.06), RE MD = −1.26 cm (95% CI −1.34 to −1.18), and TCE MD = −1.02 cm (95% CI 
−1.14 to −0.90). Compared to Pilates, WJ MD = −0.40 cm (95% CI −0.56 to −0.24), Pilates + WJ MD = −0.50 cm (95% 
CI −0.68 to −0.32); compared to TCE, AE + RE MD = −0.65 cm (95% CI −1.17 to −0.13), Pilates + WJ MD = −0.24 cm 
(95% CI −0.38 to −0.10). All of these comparisons were statistically significant (P < 0.05). The interventions were 

Figure 3 The network structure diagram for outcome measures. Each circle on the diagram represents a treatment, and its size reflects the number of studies evaluating 
that treatment. The lines connecting the circles indicate direct comparisons between treatments. The figure features five subfigures, each representing a different outcome: 
(A) VAS; (B), morning stiffness duration; (C) DAS28-ESR; (D) ESR; (E) CRP.
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Figure 4 Relative effect analysis of outcomes. Cells filled with green in the table represent treatment measures. (A) VAS; (B) morning stiffness duration; (C), DAS28-ESR; 
(D) ESR; (E) CRP. Additionally, each exercise therapy is identified as follows: AE+ RE, Aerobic Exercise + Resistance Exercise; WJ, Walking Or Jogging; Pilates+WJ, Pilates + 
Walking Or Jogging; RE, Resistance Exercise; TCE, Traditional Chinese Exercise; UC, Usual care. Statistically significant results were in bold.
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ranked according to SUCRA values as follows: Pilates (91.8%) > AE + RE (76.8%) > WJ (72.2%) > Pilates + WJ 
(62.8%) > RE (57.8%) > yoga (42.3%) > TCE (40.4%) > RT (26.3%) > cycling (19%) > UC (10.7%), as shown in Table 
S3.1 and Figure S2.1.

MS Duration
MS duration was reported by 5 studies,38,42,44,46,61 with 1 study in which the treatment measure was RE, 2 studies in 
TCE, 2 studies in AE + RE, and 5 studies in UC. The network plot in Figure 3 shows that the most studies involved AE + 
RE versus UC, and TCE versus UC, each with 2 studies. Based on the league table in Figure 4, compared to UC, AE + 
RE had a MD of −8.23 minutes (95% CI −9.06 to −7.39), RE MD = −4.19 minutes (95% CI −4.95 to −3.43), and TCE 
MD = −3.25 minutes (95% CI −4.25 to −2.26). Compared to AE + RE, RE MD = −4.04 minutes (95% CI −5.16 to 
−2.91), and TCE MD = −4.97 minutes (95% CI −6.27 to −3.67). All comparisons were statistically significant (P < 0.05). 
The SUCRA probability ranking results (Table S3.2 and Figure S2.2) indicated that AE + RE was the most effective 
intervention for reducing MS duration (100.0%), followed by RE (64.5%).

DAS28-ESR
Six studies23,26,41,49,51,54 reported DAS28-ESR outcomes. Among them, yoga was evaluated in five studies, UC in six 
studies, and TCE in one study. The netogram results (Figure 3) indicated that yoga was most frequently compared to UC 
(5 studies). According to the league table (Figure 4), compared to UC, TCE (MD = −0.68 scores, 95% CI: −1.04 to 
−0.32) and yoga (MD = −0.39 scores, 95% CI: −0.57 to −0.20) significantly improved DAS28-ESR (P < 0.05). 
Regarding DAS28-ESR improvement, TCE had the highest probability (SUCRA: 95.5%) of being the optimal interven
tion, followed by yoga (54.4%) and UC (0.0%) (Table S3.3 and Figure S2.3).

ESR
ESR was elevated by 616,37,42,54,61,64 studies involving 6 therapeutic measures including RT, yoga, UC, TCE, RE, and AE 
+ RE. The netogram results (Figure 3) indicated that TCE was most frequently compared to UC (2 studies). According to 
the SUCRA values and cumulative probability ranking charts (Table S3.4 and Figure S2.4), RT had the highest likelihood 
of effectively improving ESR (71.8%), followed by TCE (67.8%). All exercise interventions demonstrated superior 
efficacy compared to UC (25.6%).

CRP
Five studies38,42,54,61,62 reported CRP outcomes, evaluating five therapeutic interventions: RT (1 study), yoga (1 study), 
UC (4 studies), RE (1 study), and TCE (3 studies). The reticulation diagram (Figure 3) indicated that TCE was most 
frequently compared with UC (2 studies). According to the SUCRA values (Table S3.5 and Figure S2.5), TCE had the 
highest probability of being the optimal intervention (62.7%), whereas UC had the lowest (28.0%).

Publication Bias
Comparison-corrected funnel plots were generated for each outcome measure (Figure 5). In all funnel plots, the included 
studies appeared approximately symmetrical around the midline, indicating a low probability of publication bias.

Certainty of Evidence
The evidentiary strength supporting the 3 key results—VAS, MS duration, and DAS28-ESR—was evaluated using the 
CINeMA framework. The majority of comparisons received a “very low” confidence assessment, while some were rated 
as “low.” Specifically for VAS, “low” confidence evidence was noted for the following comparisons: WJ versus Pilates, 
WJ versus Pilates + WJ, Pilates + WJ versus Pilates, UC versus Pilates, and UC versus Pilates + WJ. Similarly, 
comparative analyses between TCE and UC, and between TCE and yoga for the DAS28-ESR metric yielded “low” 
confidence levels. All remaining comparisons of treatments were deemed “very low” in confidence (Table S4.1–4.3).
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Figure 5 The funnel plot for all outcomes. (A) VAS; (B) morning stiffness duration; (C) DAS28-ESR; (D) ESR; (E) CRP. Additionally, each exercise therapy is identified as follows: P, Pilates; AE+RE, Aerobic Exercise + Resistance Exercise; 
WJ, Walking Or Jogging; P+WJ, Pilates + Walking Or Jogging; RE, Resistance Exercise; Y, Yoga; TCE, Traditional Chinese Exercise; RT, Relaxation Training; C, Cycling; UC, Usual care.
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Discussion
RA ranks among the most prevalent autoimmune diseases worldwide. Current pharmacological treatments have limita
tions, including adverse effects. Exercise has been increasingly recognized as an important complementary treatment for 
RA. This study employed NMA to evaluate the clinical effectiveness of various exercise modalities, with the objective of 
providing evidence-informed recommendations for RA management. In total, 34 studies involving 10 exercise modalities 
and 2,435 patients with RA were included. The results indicated that six interventions—Pilates, AE + RE, WJ, Pilates + 
WJ, RE, and TCE—significantly improved VAS compared to UC, with Pilates ranked highest. For MS duration, AE + 
RE, RE, and TCE showed significant improvements compared with UC, with AE + RE ranked highest. Regarding 
DAS28-ESR, TCE and yoga demonstrated significant improvements compared with UC. SUCRA results indicated that 
TCE had the highest probability of being the optimal exercise modality. Although no intervention demonstrated 
statistically significant improvements in ESR and CRP compared with UC, SUCRA results suggested potential advan
tages of RT for ESR and TCE for CRP. According to the CINeMA framework, the overall confidence in the evidence was 
rated from low to very low.

Pilates is a form of exercise focusing on core stability training, encompassing posture, endurance, flexibility, and 
respiratory control.65 Key goals entail boosting muscle strength and endurance, increasing flexibility and movement 
scope, optimizing balance and stance regulation, fostering respiratory health, and alleviating stress.66 The included RCT 
evaluating Pilates for RA reported a reduction in pain intensity; however, VAS scores showed no statistically significant 
difference pre- and post-intervention within the Pilates cohort.45 This result might be attributable to the lower baseline 
pain levels and disease activity among subjects. A larger sample size could potentially yield different conclusions. In an 
8-week study conducted by Khalili et al, Pilates notably lessened VAS scores within the treatment cohort; conversely, the 
control group showed negligible change.67 Additionally, Pilates has been shown to relieve pain in patients with various 
other rheumatic conditions, including fibromyalgia, ankylosing spondylitis, and juvenile idiopathic arthritis.68–70 The 
SUCRA results from this study indicated that Pilates + AE was less effective in improving VAS scores compared to 
Pilates alone. This may be attributed to the higher exercise load of the combined regimen, increasing joint burden and 
subsequently reducing efficacy. Basic experimental studies have demonstrated that moderate-intensity exercise interven
tions yield superior outcomes compared to high-intensity exercises in inhibiting inflammation, maintaining articular 
cartilage homeostasis, and promoting metabolic responses in joint tissues.71,72 Chronic pain in RA is influenced by both 
peripheral and central nervous system factors.11 Exercise interventions, including Pilates, may alleviate pain through 
various mechanisms. These mechanisms include improving circulation to the joints, reducing muscle stiffness, and 
modulating immune function.73 Studies indicate that exercise may also reduce inflammation by decreasing pro- 
inflammatory cytokine levels.54 Additionally, exercise may have neurophysiological effects, such as altering central 
pain processing, which can reduce pain perception over time. Yoga has also been shown to significantly reduce pain in 
RA patients.74,75 Effective pain management in RA patients is beneficial for improving physical functioning and 
enhancing psychological well-being. Chronic pain can worsen anxiety, depressive symptoms,76 and sleep 
disturbances,77 leading to a decrease in overall quality of life. Joint stiffness frequently occurs in RA patients following 
periods of rest and is typically most pronounced in the morning, termed MS. In clinical studies of RA, the MS duration is 
commonly utilized as an indicator of disease severity.78 The occurrence of MS is primarily associated with increased 
levels of key pro-inflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α).79 

A clinical study demonstrated a significant reduction in IL-6 levels among RA patients following ten sessions of 
combined aerobic and resistance exercise.80 Another animal study also observed reduced expression of TNF-α mRNA 
in RA rats subjected to AE, RE, or their combination compared to controls. Notably, the combined exercise group 
showed lower TNF-α mRNA expression than either single-exercise group.72 Both studies indirectly suggest that 
combined aerobic and resistance exercise may help reduce MS duration in RA patients.

Our NMA has several strengths. First, this is the first NMA evaluating exercise interventions for patients with RA. 
Second, we conducted a comprehensive literature search and established predefined inclusion criteria to minimize clinical 
heterogeneity. Based on published RCTs, we included ten common exercise modalities used in the management of RA. 
Funnel plots were utilized for evaluating the presence of publication bias. We ranked each intervention using the SUCRA 
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probability values and conducted statistical analyses to determine significant differences among interventions. This 
NMA’s execution followed the PRISMA-NMA protocol. Moreover, CINeMA was employed to assess the certainty of 
evidence when comparing various interventions on individual outcome metrics.

However, several limitations exist in this study. First, due to the nature of exercise interventions, participants were 
aware of their allocated treatments, rendering double-blind trials infeasible. Additionally, some included studies lacked 
investigator blinding, potentially introducing detection bias. Second, the sample size of the included studies was 
relatively limited, even if no significant funnel plot asymmetry was found, but this may have limited the ability to 
completely rule out publication bias. The small number of studies for each intervention also limits the representativeness 
of some interventions to specific outcomes and thus reduces the comprehensiveness of effect estimates. Third, although 
this study compared the relative efficacy of various exercise modalities, it did not examine the ideal interplay between 
exercise intensity, frequency, and duration. Thus, subsequent research should incorporate robust, extensive RCTs 
featuring extended longitudinal monitoring to further validate the sustained benefits of exercise interventions in RA 
patients. Additionally, individualized exercise prescriptions should be further explored to offer precise intervention 
strategies for RA patients with varying disease durations and severity levels.

Conclusion
Exercise interventions provide beneficial effects for RA patients. Pilates appears to be the optimal exercise modality for 
improving VAS, AE + RE is potentially the most effective intervention for reducing MS duration, and TCE may provide 
the greatest improvement in DAS28-ESR. These results suggest selecting specific exercise modalities based on targeted 
clinical outcomes. Future high-quality RCTs with extended follow-up are needed to validate these results.

Data Sharing Statement
Source data for this study are available within this article/Supplementary Material. For more details, reach out to the 
corresponding author (Ligang Jie).

Acknowledgments
We deeply appreciate the significant contributions of all authors to this study. Their collective efforts have been 
instrumental in the success of this research.

Funding
This study received financial backing from the National Natural Science Foundation of China (No. 82474245).

Disclosure
The authors declare no conflicts of interest associated with this study.

References
1. Rech J, Tascilar K, Hagen M. et al. Abatacept inhibits inflammation and onset of rheumatoid arthritis in individuals at high risk (ARIAA): 

a randomised, international, multicentre, double-blind, placebo-controlled trial. Lancet. 2024;403(10429):2133–2141. doi:10.1016/S0140-6736(23) 
02650-8

2. Gravallese EM, Firestein GS. Rheumatoid arthritis—common origins, divergent mechanisms. N Engl J Med. 2023;388(6):529–542.
3. Bu L, et al. Bispecific T cell engager therapy for refractory rheumatoid arthritis. Nat Med. 2024;1–9.
4. GBD. 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted life-years 

(DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 
1990–2021: a systematic analysis for the Global Burden of Disease Study 2021, Lancet. 2024;403(10440):2133–2161. doi:10.1016/S0140- 
6736(24)00757-8. Epub 2024 Apr 17. PMID: 38642570; PMCID: PMC11122111

5. Krijbolder DI, Verstappen M, van Dijk BT, et al. Intervention with methotrexate in patients with arthralgia at risk of rheumatoid arthritis to reduce 
the development of persistent arthritis and its disease burden (treat earlier): a randomised, double-blind, placebo-controlled, proof-of-concept trial. 
Lancet. 2022;400(10348):283–294.

6. GBD. 2021 Rheumatoid Arthritis Collaborators. Global, regional, and national burden of rheumatoid arthritis, 1990–2020, and projections to 2050: 
a systematic analysis of the Global Burden of Disease Study 2021, Lancet Rheumatol. 2023;5(10):e594–e610. doi:10.1016/S2665-9913(23)00211-4. 
Epub 2023 Sep 25. PMID: 37795020; PMCID: PMC10546867

Journal of Pain Research 2025:18                                                                                                     https://doi.org/10.2147/JPR.S537227                                                                                                                                                                                                                                                                                                                                                                                                   5123

Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(23)02650-8
https://doi.org/10.1016/S0140-6736(23)02650-8
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S2665-9913(23)00211-4


7. Hsieh PH, Wu O, Geue C, et al. Economic burden of rheumatoid arthritis: a systematic review of literature in biologic era. Ann Rheum Dis. 2020;79 
(6):771–777. doi:10.1136/annrheumdis-2019-216243

8. Konzett V, Aletaha D. Management strategies in rheumatoid arthritis. Nat Rev Rheumatol. 2024;20(12):760–769. doi:10.1038/s41584-024-01169-7
9. Di Matteo A, Bathon JM, Emery P. Rheumatoid arthritis. Lancet. 2023;402(10416):2019–2033. doi:10.1016/S0140-6736(23)01525-8

10. Sepriano A, Kerschbaumer A, Bergstra SA, et al. Safety of synthetic and biological DMARDs: a systematic literature review informing the 2022 
update of the EULAR recommendations for the management of rheumatoid arthritis. Ann Rheum Dis. 2023;82(1):107–118. doi:10.1136/ard-2022- 
223357

11. Rutter-Locher Z, Kirkham BW, Bannister K, et al. An interdisciplinary perspective on peripheral drivers of pain in rheumatoid arthritis. Nat Rev 
Rheumatol. 2024;20(11):671–682. doi:10.1038/s41584-024-01155-z. PMID: 39242949.

12. Lee YC, Cui J, Lu B, et al. Pain persists in DAS28 rheumatoid arthritis remission but not in ACR/EULAR remission: a longitudinal observational 
study. Arthritis Res Ther. 2011;13:R83. doi:10.1186/ar3353

13. Lee YC, Katz P, Quebe A, et al. Defining pain that does not interfere with activities among rheumatoid arthritis patients. Arthritis Care Res. 
2021;73:626–632. doi:10.1002/acr.24170

14. Bagnato G, De Andres I, Sorbara S, et al. Pain threshold and intensity in rheumatic patients: correlations with the Hamilton Depression Rating 
scale. Clin Rheumatol. 2015;34:555–561.

15. Barrett EM, Scott DG, Wiles NJ, Symmons DP. The impact of rheumatoid arthritis on employment status in the early years of disease: a UK 
community-based study. Rheumatology. 2000;39(12):1403–1409. doi:10.1093/rheumatology/39.12.1403

16. Andonian BJ, Ross LM, Sudnick AM, et al. Effect of remotely supervised weight loss and exercise training versus lifestyle counseling on 
cardiovascular risk and clinical outcomes in older adults with rheumatoid arthritis: a randomized controlled trial. ACR Open Rheumatol. 2023;6 
(3):124–136. doi:10.1002/acr2.11639

17. Kılıç N, Parlar Kılıç S. The effect of progressive muscle relaxation on sleep quality and fatigue in patients with rheumatoid arthritis: a randomized 
controlled trial. Int J Nurs Pract. 2023;29(3):e13015. doi:10.1111/ijn.13015

18. Ayyıldız A, Yılmaz F, Altındaş H, et al. Effects of aerobic and resistive exercise on muscle measurements and body composition in female patients 
with rheumatoid arthritis. Am J Phys Med Rehabil. 2023;102(12):1076–1084. doi:10.1097/PHM.0000000000002283

19. Modarresi Chahardehi A, Masoumi SA, Bigdeloo M, Arsad H, Lim V. The effect of exercise on patients with rheumatoid arthritis on the 
modulation of inflammation. Clin Exp Rheumatol. 2022;40(7):1420–1431. doi:10.55563/clinexprheumatol/fohyoy

20. Li Z, Wang XQ. Clinical effect and biological mechanism of exercise for rheumatoid arthritis: a mini review. Front Immunol. 2023;13:1089621. 
doi:10.3389/fimmu.2022.1089621

21. Zhang Y, Jie L. Potential applications of green prescription of Chinese medicine in rheumatoid arthritis. Eur J Med Oncol. 2025;2025:025100049. 
doi:10.36922/EJMO025100049

22. Zheng C, Chen XK, Sit CH, et al. Effect of physical exercise-based rehabilitation on long COVID: a systematic review and meta-analysis. Med Sci 
Sports Exerc. 2024;56(1):143–154. doi:10.1249/MSS.0000000000003280

23. England BR, Smith BJ, Baker NA, et al. 2022 American College of Rheumatology guideline for exercise, rehabilitation, diet, and additional 
integrative interventions for rheumatoid arthritis. Arthritis Rheumatol. 2023;75(8):1299–1311. doi:10.1002/art.42507

24. Chang T, Ma X, Gong X, et al. Effect of traditional Chinese Yijinjing exercise on hand dysfunction in rheumatoid arthritis patients: a randomized 
controlled trial. Front Med. 2024;11:1454982. doi:10.3389/fmed.2024.1454982

25. Gautam S, Kumar R, Kumar U, et al. Yoga maintains Th17/Treg cell homeostasis and reduces the rate of T cell aging in rheumatoid arthritis: 
a randomized controlled trial. Sci Rep. 2023;13(1):14924. doi:10.1038/s41598-023-42231-w

26. Chaimani A, Caldwell DM, Li T, et al. Undertaking network meta-analyses. In: Higgins JPT, Thomas J, Chandler J, et al. editors. Cochrane 
Handbook for Systematic Reviews of Interventions. 2nd edn;Chichester (UK): John Wiley & Sons; 2019.

27. M Noetel, T Sanders, D Gallardo-Gómez, et al. Effect of exercise for depression: systematic review and network meta-analysis of randomised 
controlled trials. BMJ. 2024;(385):q1024. doi:10.1136/bmj.q1024

28. Bu ZJ, S Wan, P Steinmann, et al. Effectiveness and safety of Chinese herbal injections combined with SOX chemotherapy regimens for advanced 
gastric cancer: a Bayesian network meta-analysis. J Cancer. 2024;15(4):889–896. doi:10.7150/jca.105717

29. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372: 
n71. doi:10.1136/bmj.n71

30. Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension statement for reporting of systematic reviews incorporating network 
meta-analyses of health care interventions: checklist and explanations. Ann Intern Med. 2015;162(11):777–784. doi:10.7326/M14-2385

31. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: definitions and distinctions for health-related research. 
Public Health Rep. 1985;100(2):126–131.

32. Bu ZJ, Liu FS, Shahjalal M, et al. Effects of various exercise interventions in insomnia patients: a systematic review and network meta-analysis. 
BMJ Evid Based Med. 2025. doi:10.1136/bmjebm-2024-113512

33. Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:l4898. doi:10.1136/bmj. 
l4898

34. Nikolakopoulou A, Higgins JPT, Papakonstantinou T, et al. CINeMA: an approach for assessing confidence in the results of a network 
meta-analysis. PLoS Med. 2020;17(4):e1003082. doi:10.1371/journal.pmed.1003082

35. Papakonstantinou T, Nikolakopoulou A, Higgins JPT, et al. CINeMA: software for semiautomated assessment of the confidence in the results of 
network meta-analysis. Campbell Syst Rev. 2020;16(1):e1080. doi:10.1002/cl2.1080

36. Zhang BS. Low-intensity resistance exercise combined with empowerment education on limb function and health management ability in 
rheumatoid arthritis patients. Yinshi Baojian. 2024;24:85–88.

37. Sima PP, Ren YP, Zhang RJ. Empowerment education and aerobic combined resistance exercise in rheumatoid arthritis patients. Qilu Nurs J. 
2024;30(3):106–109.

38. Liu M, Xj L. Chronic disease management model combined with resistance exercise training in promoting rehabilitation in rheumatoid arthritis 
patients. Med Theory Pract. 2024;37(16):2862–2865.

39. You DD, Chen HQ. The application of a continuity care model based on Baduanjin rehabilitation training in RA patients undergoing total Hip 
replacement. J Int Nurs. 2023;42(20):3833–3837. doi:10.3760/cma.j.cn221370-20221014-00932

https://doi.org/10.2147/JPR.S537227                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2025:18 5124

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1136/annrheumdis-2019-216243
https://doi.org/10.1038/s41584-024-01169-7
https://doi.org/10.1016/S0140-6736(23)01525-8
https://doi.org/10.1136/ard-2022-223357
https://doi.org/10.1136/ard-2022-223357
https://doi.org/10.1038/s41584-024-01155-z
https://doi.org/10.1186/ar3353
https://doi.org/10.1002/acr.24170
https://doi.org/10.1093/rheumatology/39.12.1403
https://doi.org/10.1002/acr2.11639
https://doi.org/10.1111/ijn.13015
https://doi.org/10.1097/PHM.0000000000002283
https://doi.org/10.55563/clinexprheumatol/fohyoy
https://doi.org/10.3389/fimmu.2022.1089621
https://doi.org/10.36922/EJMO025100049
https://doi.org/10.1249/MSS.0000000000003280
https://doi.org/10.1002/art.42507
https://doi.org/10.3389/fmed.2024.1454982
https://doi.org/10.1038/s41598-023-42231-w
https://doi.org/10.1136/bmj.q1024
https://doi.org/10.7150/jca.105717
https://doi.org/10.1136/bmj.n71
https://doi.org/10.7326/M14-2385
https://doi.org/10.1136/bmjebm-2024-113512
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1002/cl2.1080
https://doi.org/10.3760/cma.j.cn221370-20221014-00932


40. Loeppenthin K, Esbensen BA, Klausen JM, et al. Efficacy and acceptability of intermittent aerobic exercise on polysomnography-measured sleep in 
people with rheumatoid arthritis with self-reported sleep disturbance: a randomized controlled trial. ACR Open Rheumatol. 2022;4(5):395–405. 
doi:10.1002/acr2.11403

41. Gautam S, Kumar U, Mishra R, Dada R. HLA-G 3’UTR polymorphisms & response to a yoga-based lifestyle intervention in rheumatoid arthritis: 
a randomized controlled trial. Indian J Med Res. 2022;155(2):253–263. doi:10.4103/ijmr.IJMR_3196_20

42. Du J, Liang C, Guo C. The efficacy of selected tai chi movements and hand exercise for people with rheumatoid arthritis. Arch Budo. 
2022;18:175–182.

43. Zhang SY. Exploring the role of Chinese medicine practices in health education for rheumatoid arthritis. Chin Sci Tech J Database. 
2022;12:171–174.

44. Cui S. The impact of exercise nursing on joint function recovery in rheumatoid arthritis patients. Health Advisory. 2022;16(5):53–55,65.
45. Yentür SB, Ataş N, Öztürk MA, Oskay D. Comparison of the effectiveness of pilates exercises, aerobic exercises, and pilates with aerobic exercises 

in patients with rheumatoid arthritis. Ir J Med Sci. 2021;190(3):1027–1034. doi:10.1007/s11845-020-02412-2
46. Wang ZH. The impact of exercise rehabilitation nursing on joint function recovery in patients with rheumatoid arthritis. Chin Sci Tech J Database 

(Full Text Edition) Med Health. 2021;5:331.
47. Pukšić S, Mitrović J, Čulo MI, et al. Effects of Yoga in Daily Life program in rheumatoid arthritis: a randomized controlled trial. Complement Ther 

Med. 2021;57:102639. doi:10.1016/j.ctim.2020.102639
48. McKenna SG, Donnelly A, Esbensen BA, et al. The feasibility of an exercise intervention to improve sleep (time, quality and disturbance) in people 

with rheumatoid arthritis: a pilot RCT. Rheumatol Int. 2021;41(2):297–310. doi:10.1007/s00296-020-04760-9
49. Gautam S, Kumar U, Kumar M, Rana D, Dada R. Yoga improves mitochondrial health and reduces severity of autoimmune inflammatory arthritis: 

a randomized controlled trial. Mitochondrion. 2021;58:147–159. doi:10.1016/j.mito.2021.03.004
50. Rezaei S, Mohammadhossini S, Karimi Z, et al. Effect of 8-week aerobic walking program on sexual function in women with rheumatoid arthritis. 

Int J Gen Med. 2020;13:169–176. doi:10.2147/IJGM.S252591
51. Gautam S, Kumar M, Kumar U, et al. Effect of an 8-week yoga-based lifestyle intervention on psycho-neuro-immune axis, disease activity, and 

perceived quality of life in rheumatoid arthritis patients: a randomized controlled trial. Front Psychol. 2020;11:2259. doi:10.3389/fpsyg.2020.02259
52. Ganesan S, Gaur GS, Negi VS, Sharma VK, Pal GK. Effect of yoga therapy on disease activity, inflammatory markers, and heart rate variability in 

patients with rheumatoid arthritis. J Altern Complement Med. 2020;26(6):501–507. doi:10.1089/acm.2019.0228
53. Zeng YY, Lin ME, Lin Y. Effects of aerobic interval exercise on sleep quality and depression in rheumatoid arthritis patients. Fujian Med J. 

2020;42(1):116–118. doi:10.20148/j.fmj.2020.01.054
54. Gautam S, Tolahunase M, Kumar U, Dada R. Impact of yoga-based mind-body intervention on systemic inflammatory markers and co-morbid 

depression in active rheumatoid arthritis patients: a randomized controlled trial. Restor Neurol Neurosci. 2019;37(1):41–59. doi:10.3233/RNN- 
180875

55. Ward L, Stebbings S, Athens J, Cherkin D, Baxter GD. Yoga for the management of pain and sleep in rheumatoid arthritis: a pilot randomized 
controlled trial. Musculoskeletal Care. 2018;16(1):39–47. doi:10.1002/msc.1201

56. Lourenzi FM, Jones A, Pereira DF, et al. Effectiveness of an overall progressive resistance strength program for improving the functional capacity 
of patients with rheumatoid arthritis: a randomized controlled trial. Clin Rehabil. 2017;31(11):1482–1491. doi:10.1177/0269215517698732

57. Shapoorabadi YJ, Vahdatpour B, Salesi M, Ramezanian H. Effects of aerobic exercise on hematologic indices of women with rheumatoid arthritis: 
a randomized clinical trial. J Res Med Sci. 2016;21:9. doi:10.4103/1735-1995.177356

58. Baxter SV, Hale LA, Stebbings S, et al. Walking is a feasible physical activity for people with rheumatoid arthritis: a feasibility randomized 
controlled trial. Musculoskeletal Care. 2016;14(1):47–56. doi:10.1002/msc.1112

59. Zhang C, Wang Y. The effect of Baduanjin exercise on upper limb function recovery in rheumatoid arthritis patients. Nurs J. 2015;22(12):4–8. 
doi:10.16460/j.issn1008-9969.2015.12.004

60. Metsios GS, Stavropoulos-Kalinoglou A, Veldhuijzen van Zanten JJ, et al. Individualised exercise improves endothelial function in patients with 
rheumatoid arthritis. Ann Rheum Dis. 2014;73(4):748–751. doi:10.1136/annrheumdis-2013-203291

61. He P, Sun YX. The effects of Qigong and Wuqinxi on rheumatoid arthritis treatment. Shenyang Sports Inst J. 2012;31(1):90–92.
62. Wang C. Tai Chi improves pain and functional status in adults with rheumatoid arthritis: results of a pilot single-blinded randomized controlled 

trial. Med Sport Sci. 2008;52:218–229. doi:10.1159/000134302
63. Yang DJ, Xu FY, Gan JH. Assessment of curative effect of aerobic exercise with quality of life questionnaire for patients with rheumatoid arthritis. 

Chin J Clin Rehabil. 2005;9(35):150–151.
64. Lundgren S, Stenström CH. Muscle relaxation training and quality of life in rheumatoid arthritis: a randomized controlled clinical trial. Scand 

J Rheumatol. 1999;28(1):47–53. doi:10.1080/03009749950155788
65. Di Lorenzo CE. Pilates: what is it? Should it be used in rehabilitation? Sports Health. 2011;3(4):352–361. doi:10.1177/1941738111410285
66. Kloubec JA. Pilates for improvement of muscle endurance, flexibility, balance, and posture. J Strength Cond Res. 2010;24(3):661–667. 

doi:10.1519/JSC.0b013e3181c277a6
67. Khalili M, Golpaygani M, Shahrjerdi S. The effect of eight weeks Pilates training on pain and quality of life in men with rheumatoid arthritis. J Res 

Sport Rehabil. 2015;2(4):41–52.
68. Ekici G, Yakut E, Akbayrak T. Effects of Pilates exercises and connective tissue manipulation on pain and depression in women with fibromyalgia: 

a randomized controlled trial. Turk Fizyoterapi ve Rehabilitasyon Dergisi. 2008;19(2):47–54.
69. Mendonça TM, et al. Effects of Pilates exercises on health-related quality of life in individuals with juvenile idiopathic arthritis. Arch Phys Med 

Rehabil. 2013;94(11):2093–2102.
70. Altan LA, Korkmaz N, Dizdar M, Yurtkuran M. Effect of Pilates training on people with ankylosing spondylitis. Rheumatol Int. 2012;32 

(7):2093–2099. doi:10.1007/s00296-011-1932-9
71. Damasceno LR, Pedersen M, Do Bomfim FR C, et al. Effects of different physical training protocols on inflammatory markers in Zymosan-induced 

rheumatoid arthritis in Wistar rats. Cell Biochem Funct. 2022;40(3):321–332. doi:10.1002/cbf.3697
72. Wakimoto Y, Miura Y, Inoue S, et al. Effects of different combinations of mechanical loading intensity, duration, and frequency on the articular 

cartilage in mice. Mol Biol Rep. 2024;51(1):862. doi:10.1007/s11033-024-09762-5
73. Weyand CM, Goronzy JJ. The immunology of rheumatoid arthritis. Nat Immunol. 2021;22:10–18. doi:10.1038/s41590-020-00816-x

Journal of Pain Research 2025:18                                                                                                     https://doi.org/10.2147/JPR.S537227                                                                                                                                                                                                                                                                                                                                                                                                   5125

Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1002/acr2.11403
https://doi.org/10.4103/ijmr.IJMR_3196_20
https://doi.org/10.1007/s11845-020-02412-2
https://doi.org/10.1016/j.ctim.2020.102639
https://doi.org/10.1007/s00296-020-04760-9
https://doi.org/10.1016/j.mito.2021.03.004
https://doi.org/10.2147/IJGM.S252591
https://doi.org/10.3389/fpsyg.2020.02259
https://doi.org/10.1089/acm.2019.0228
https://doi.org/10.20148/j.fmj.2020.01.054
https://doi.org/10.3233/RNN-180875
https://doi.org/10.3233/RNN-180875
https://doi.org/10.1002/msc.1201
https://doi.org/10.1177/0269215517698732
https://doi.org/10.4103/1735-1995.177356
https://doi.org/10.1002/msc.1112
https://doi.org/10.16460/j.issn1008-9969.2015.12.004
https://doi.org/10.1136/annrheumdis-2013-203291
https://doi.org/10.1159/000134302
https://doi.org/10.1080/03009749950155788
https://doi.org/10.1177/1941738111410285
https://doi.org/10.1519/JSC.0b013e3181c277a6
https://doi.org/10.1007/s00296-011-1932-9
https://doi.org/10.1002/cbf.3697
https://doi.org/10.1007/s11033-024-09762-5
https://doi.org/10.1038/s41590-020-00816-x


74. Sagtaganov Z, Yessirkepov M, Bekaryssova D, et al. Managing rheumatoid arthritis and cardiovascular disease: the role of physical medicine and 
rehabilitation. Rheumatol Int. 2024;44(9):1749–1756. doi:10.1007/s00296-024-05651-z

75. Cartwright T, Cahill M, Sadana V. A mixed methods evaluation of an individualised yoga therapy intervention for rheumatoid arthritis: pilot study. 
Complement Ther Med. 2020;50:102339. doi:10.1016/j.ctim.2020.102339

76. Bäckryd E, Alföldi P. Chronic pain and its relationship with anxiety and depression. Lakartidningen. 2023;12:1.
77. Emery P, Wilson KG, Kowal J. Major depressive disorder and sleep disturbance in patients with chronic pain. Pain Res Manag. 2014;19(1):35–41. 

doi:10.1155/2014/480859
78. Halls S, Dures EK, Kirwan JR, et al. Stiffness is more than just duration and severity: a qualitative exploration in people with rheumatoid arthritis. 

Rheumatology (Oxford). 2015;54(4):615–622. doi:10.1093/rheumatology/keu379
79. Buttgereit F, Smolen JS, Coogan AN, Cajochen C. Clocking in: chronobiology in rheumatoid arthritis. Nat Rev Rheumatol. 2015;11(6):349–356. 

doi:10.1038/nrrheum.2015.31
80. Bearne LM, Scott DL, Hurley MV. Exercise can reverse quadriceps sensorimotor dysfunction that is associated with rheumatoid arthritis without 

exacerbating disease activity. Rheumatology (Oxford). 2002;41(2):157–166. doi:10.1093/rheumatology/41.2.157

Journal of Pain Research                                                                                                             

Publish your work in this journal 
The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the 
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and 
commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

Journal of Pain Research 2025:18 5126

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s00296-024-05651-z
https://doi.org/10.1016/j.ctim.2020.102339
https://doi.org/10.1155/2014/480859
https://doi.org/10.1093/rheumatology/keu379
https://doi.org/10.1038/nrrheum.2015.31
https://doi.org/10.1093/rheumatology/41.2.157
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Search Strategy
	Eligibility Criteria
	Inclusion Criteria
	Exclusion Criteria

	Study Selection
	Data Collection
	Risk of Bias and Evidence Quality Assessment
	Statistical Analysis

	Results
	Study Selection
	Study Characteristics
	Risk of Bias in Included Studies
	Pairwise Meta-Analysis
	Network Meta-Analysis
	VAS
	MS Duration
	DAS28-ESR
	ESR
	CRP

	Publication Bias
	Certainty of Evidence

	Discussion
	Conclusion
	Data Sharing Statement
	Acknowledgments
	Funding
	Disclosure

