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Abstract 

Background Patients with rheumatoid arthritis (RA) are prone to muscle atrophy due to inflammatory cytokines and 
corticosteroid use and immobility due to joint pain and deformity. Although resistance training is effective and safe in 
reversing muscle atrophy in RA, some patients are unable to perform a conventional high-load exercise program due 
to disease-related limitations. This study aims to examine the efficacy of individualized exercise therapy on physical 
function in elderly patients with RA who are at a high risk for sarcopenia.

Methods This study is a single-center, parallel-group, two-arm, healthcare provider- and outcome assessor-blinded, 
superiority randomized controlled trial with a 1:1 allocation ratio. A total of 160 participants with RA between 60 
and 85 years of age with a positive screening test for sarcopenia will be included. The intervention group will receive 
nutritional guidance and a four-month individualized exercise program in addition to the usual treatment. The control 
group will receive nutritional guidance in addition to the usual care. The primary endpoint will be physical function 
assessed using the Short Physical Performance Battery (SPPB) at 4 months. The data on outcome measures will be col-
lected at baseline and at the two- and four-month follow-ups. Linear mixed-effects models for repeated measures will 
be conducted using the modified intention-to-treat analysis population.

Discussion This study will provide evidence on whether a personalized exercise program can improve physical func-
tion and quality of life in elderly patients with RA. Some limitations include limited generalizability due to the single-
center study and lack of blinding of the patients to the intervention assignment because of the nature of the exercise. 
Physical therapists may use this knowledge in their daily practice to improve RA treatment. Tailored exercise may 
enhance the health outcomes of the RA population and contribute to a reduction in healthcare costs.
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Trial registration The study protocol was retrospectively registered at the University hospital Medical Information 
Network-Clinical Trial Repository (UMIN-CTR) (registration number: UMIN000044930, https:// www. umin. ac. jp/ ctr/ 
index-j. htm) on January 4, 2022.
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Background
Patients with rheumatoid arthritis (RA) are prone to 
muscle atrophy due to inflammatory cytokines such as 
tumor necrosis factor α (TNFα) and interleukin 6 (IL-6). 
Corticosteroids, which are often used in the treatment of 
RA, also cause muscle atrophy owing to corticosteroid-
induced myopathy. In addition, immobility due to joint 
pain and deformity leads to a lack of exercise, resulting 
in a vicious cycle of further decline in muscle strength 
and mass and physical function. Sarcopenia is a con-
dition characterized by a steady reduction in skeletal 
muscle mass and strength and is associated with poor 
physical performance, functional impairment, and dis-
ability, resulting in high mortality and significant health-
care costs. In a previous study on sarcopenia in patients 
with RA, > 40% of patients with RA of ≥65 years of age 
had sarcopenia, which was significantly higher than that 
reported among the general healthy elderly population 
(5–17%) [1]. No specific drug therapy for sarcopenia 
has been established; since inflammatory cytokines such 
as TNFα and IL-6 produce muscle atrophy, biological 
agents such as TNF and IL-6 inhibitors used to treat RA 
may improve sarcopenia in patients with RA, but the evi-
dence is currently limited.

Resistance training is effective and safe for reversing 
muscle atrophy in RA [2] whereas dietary protein supple-
mentation and the combination with resistance exercise 
have shown an increase in muscle strength and physi-
cal performance in healthy elderly patients, but have not 
been completely examined in patients with RA [3, 4]. 
However, some patients are unable to perform conven-
tional high-load exercise programs because of disease-
related limitations [5]. In particular, exercise therapy has 
been reported to increase joint destruction in patients 
with advanced RA by inducing stress in the joints [6]; 
therefore, it is necessary to design novel and feasible 
exercise therapy tailored to individual patients with RA.

Methods/design
Trial design
This study aims to examine the efficacy of individualized 
exercise therapy on physical function in elderly patients 
with RA who are at a high risk for sarcopenia. This study 
is a single-center, parallel-group, two-arm, healthcare 
provider-and outcome assessor-blinded, superiority 

randomized controlled trial with a 1:1 allocation ratio 
(trial registration number: UMIN000044930). This study 
will be conducted at the Rheumatology Center, Kyoto 
University Hospital, Kyoto, Japan. The study protocol fol-
lows the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) (Additional file  1) [7, 8]. 
The report will be presented as a Consolidated Standards 
of Reporting Trials (CONSORT) Statement [9, 10]. This 
study was approved by the ethics committee of Kyoto 
University (approval number: C1534–1). This study will 
be conducted in accordance with the principles of the 
Declaration of Helsinki. Written informed consent will 
be obtained from all participants by the attending physi-
cians. Participants could withdraw from the trial at any 
time. On the consent form, participants will be asked if 
they agree that their data can be used should they choose 
to withdraw from the trial. This trial will involve collect-
ing biological specimens for storage. The protocol was 
initially released on December 15, 2021, and updated 
as version 6.3 on October 4, 2022. No significant modi-
fications to the protocol are expected. However, if any 
changes are required, they will have to be reviewed by 
the ethics committee of Kyoto University, Kyoto, Japan. 
The results of this trial will be presented at national or 
international conferences, and papers will be submitted 
to peer-reviewed journals.

Participants will be recruited from the outpatient rheu-
matology clinics at Kyoto University Hospital. To achieve 
adequate participant enrollment to reach the target sam-
ple size and promote participant retention and complete 
follow-up, incentives will be given as gift certificates 
worth 1000 yen (3000 yen in total) at the initial evalua-
tion (month 0), first post-assignment evaluation (month 
2), and second post-assignment evaluation (month 4) for 
both intervention and non-intervention groups.

The trial is ongoing and is currently recruiting patients. 
Recruitment was initiated on January 20th, 2022 and is 
expected to be completed by the end of July 2023.

Eligibility criteria
Participants with RA who meet all the inclusion criteria 
and none of the exclusion criteria will be enrolled in the 
study. The inclusion criteria are as follows: 1) age between 
60 and 85 years at enrollment, 2) diagnosed with RA 
according to the 2010 American College of Rheumatol-
ogy/European League Against Rheumatism classification 
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criteria for RA [11], and 3) positive screening test for sar-
copenia (hand-grip strength: < 28 kg for men and < 18 kg 
for women; or five times chair-stand test ≥12 s) [12]. 
The exclusion criteria are: 1) participants who have dif-
ficulty in walking or standing up without any assistance; 
2) patients who are instructed by their physician to limit 
their exercise; 3) patients with a pacemaker; 4) patients 
with cognitive impairment (Mini-Mental State Examina-
tion score ≤ 23) [13]; and 5) participants deemed inap-
propriate for this study by investigators.

Trial procedures
The intervention group will receive nutritional guid-
ance and a four-month individualized exercise program 
in addition to the usual treatment. The control group 
will receive nutritional guidance in addition to the 
usual care. The individualized exercise program will be 
developed by physical therapists by modifying previous 
exercise programs [14–16]. The program will be indi-
vidualized according to the muscle strength and physi-
cal functions of the patients and can be conducted at 
home. The program will be offered for 4 months and will 
include resistance and aerobic exercises. Resistance exer-
cise will consist of six types for the lower limbs and two 
types for the hands, and will be conducted for approxi-
mately 30–60 minutes per time at three non-consecutive 
times per week. The details of the resistance exercise 
are shown in the Supplementary materials. The exercise 
will be adjusted monthly according to the Borg scale, a 
scale to measure the perceived physical activity inten-
sity level [17]. Lower limb exercises will begin at level 1. 
The starting level of hand exercises will be determined 
according to the Borg scale for squeezing a ball. Subjec-
tive exercise intensity will be set at 5 to 6 (hard) using 
the Borg scale, so that the load is 50–70% of the maxi-
mum muscle strength. The aerobic exercise program will 
encourage patients to achieve the target number of steps 
provided by the investigators. The target number of steps 
between baseline and 2 months will be determined as a 
20% increase in the number of walks from baseline. The 
target number of steps between two and 4 months will be 
determined as a 20% increase in the number of walks at 
2 months. The exercise program will be implemented as 
follows: 1) research nurses trained by physical therapists 
will instruct the exercise program to patients, 2) patients 
will perform the instructed exercise program at home 
at a pre-determined frequency and record the exercises 
performed, and 3) when the patient visits the clinic every 
month during the study period, the adjusted exercise 
program will be provided according to record sheets.

The criteria for discontinuing allocated interven-
tions include: 1) difficulty in continuing the study due 
to the development or worsening of comorbidities, 2) 

participant requests for discontinuation of treatment 
or withdrawal of consent, 3) failure to meet the eligibil-
ity criteria found after the start of treatment, 4) inabil-
ity to visit the hospital due to relocation or contact with 
participants, 5) participant’s death, and 6) difficulty in 
continuing the study by the principal investigator or sub-
investigators. The date and timing of discontinuation 
(treatment period and follow-up period) and the reason 
for discontinuation will be recorded, and at the time of 
discontinuation, the efficacy and safety will be evaluated 
in terms of primary and secondary endpoints.

To assess the quality of the exercise program conducted 
by the participants, they will be asked to show their exer-
cise content twice at each visit to the research nurses. 
In addition, the performance of participants who gave 
their consent will be recorded, and randomly selected 
recorded data will be evaluated for the quality of the 
exercise program by supervising physical therapists. To 
evaluate adherence to the exercise program, patients will 
be asked to record the details of the exercise conducted 
and the Borg scale. In addition, the patients will be asked 
to wear an activity meter once every 2 months, and the 
activity measured with the meter will be checked against 
the exercise records to confirm the degree of adherence.

Nutritional guidance will include an explanation of 
nutrients, such as proteins, which are generally consid-
ered good for preventing sarcopenia, and recipes that 
can be easily prepared by individuals. This content will be 
developed by nutritionists, and guidance will be provided 
by research nurses under the guidance of nutritionists.

Any changes in usual care will be permitted at the dis-
cretion of the attending physician. However, the details 
of the usual treatment at baseline and at each subsequent 
visit will be recorded. Post-trial care will not be provided.

Trial outcomes
The primary endpoint will be the Short Physical Per-
formance Battery (SPPB) at 4 months [18]. The SPPB 
is a 12-point scale with higher scores indicating better 
physical function and consists of balance, gait speed, and 
chair-stand tests. Diagnostic criteria for sarcopenia were 
proposed by the Asian Working Group for Sarcopenia 
(AWGS), which consists of physical function, skeletal 
muscle mass, and grip strength; however, biomarkers to 
measure sarcopenia have not been identified [12]. The 
main objective of this study is to improve physical func-
tion measured by the SPPB. Since previous studies have 
shown that grip strength and skeletal muscle mass were 
not expected to change in the short-to-medium term 
compared to physical function, they will be examined as 
secondary endpoints.

The secondary endpoints will be measured at 4 months 
and include each component of the SPPB (balance, gait 
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speed, and chair-stand tests); grip strength; limb skeletal 
muscle index; physical activity measured with an activity 
meter and International Physical Activity Questionnaire 
(IPAQ) [19, 20]; disease activity of RA measured with 
Disease Activity Score 28 joints (DAS28) [21], Clinical 
Disease Activity Index (CDAI) [22], and Simplified Dis-
ease Activity Index (SDAI) [23]; disability level measured 
with Health Assessment Questionnaire (HAQ) [24]; over-
all health-related quality of life measured using the Euro-
Qol-5 Dimension-3 Level (EQ-5D-3L) [25] and 12-Item 
Short-Form Health Survey (SF-12) [26, 27]; and subjec-
tive depression and anxiety symptoms measured with 
Hospital Anxiety and Depression Scale (HADS) [28, 29]. 
Adverse events that may be related to this study (such as 
pain, fall, fracture, orthopedic hypotension, headache, 
and dizziness) will be recorded at each outpatient visit. 
Adverse events that may occur during the trial period 
will be self-reported by patients. Researchers supervising 
the interventions and collecting outcome measures at fol-
low-up appointments will also identify possible adverse 
events.

Timeline of assessments
Baseline assessments will be conducted after informed 
consent has been obtained. In addition to the outcomes, 
the collected data will include participant age, sex, height, 
weight, body mass index (BMI), marital status, educa-
tion level, occupation, income level, smoking, alcohol 
consumption status, disease duration, medical history of 

RA, comorbidity, past medical history, and surgical his-
tory including joint replacement surgery. The schedule of 
enrollment, allocation, interventions, assessments, and 
visits for the participants is shown in Fig. 1.

Randomization and blinding
Patients will be centrally randomized to the intervention 
and control groups after enrollment and nutritional guid-
ance according to computer-generated random numbers 
created by the coordinating center. By using permuted 
block randomization stratified according to sex and BMI, 
participants will be randomly assigned to 2 × 2 strata of 
sex (male and female) and BMI (≥25 and < 25) with an 
allocation ratio of 1:1 for each stratum.

The healthcare providers and outcome assessors will be 
blinded; however, it is not possible to blind participants 
due to the nature of the exercise program interventions. 
To assess the achievement of blinding of healthcare pro-
viders, a questionnaire on knowledge of intervention will 
be administered after a four-month exercise program. 
The commencement of the intervention will be defined 
as the start of the individualized exercise program after 
the assignment, and the completion of the intervention 
will be defined as the completion of the measurement 
after a four-month exercise program.

Data management and monitoring
Information on the eligibility criteria will be collected on 
paper via telephone calls from the central office. Baseline 

Fig. 1 Time schedule of enrollment, allocation, interventions, assessments, and visits to participants C: Coordinator, E: Evaluator, Pt: Patient, Th: 
Therapist. CDAI: Clinical Disease Activity Index; DAS28: Disease Activity Score 28 joints; EQ-5D-3L: EuroQol-5 Dimension-3 Level; HADS: Hospital 
Anxiety and Depression Scale; HAQ: Health Assessment Questionnaire; SDAI: Simplified Disease Activity Index; SF-12: 12-Item Short-Form Health 
Survey; SPPB: Short Physical Performance Battery
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information and outcome assessment during the study 
will be completed by the participants and evaluators, and 
data will be entered by the study personnel. The data on 
changes in medications will also be collected on paper by 
the attending physicians. Adverse events that may occur 
during the trial period will be self-reported by patients. 
Attending physicians and researchers collecting data on 
outcome measures at follow-up appointments will also 
identify possible adverse events. Any missing values will 
be queried on the patients’ visits or by telephone.

The principal investigator will be responsible for the 
secure storage of the participant data. The study data will 
be anonymized by assigning a study number to each par-
ticipant and archived in a password-protected database on 
secure servers. The study data will only be accessible to the 
investigators. Auditing will not be conducted because the 
intervention in this study is minimally invasive.

Statistical analysis
Based on the results from previous studies [30–32], we 
estimated that 128 patients would provide the trial with 
80% statistical power at a two-sided significance level of 
0.05 to detect a difference of 1 point between the inter-
vention and control groups with a standard deviation 
of 2 points in the SPPB score at 4 months (primary out-
come). We plan to enroll 160 patients to allow 20% of the 
patients to withdraw from the trial.

Baseline characteristics will be presented as mean and 
standard deviation for continuous variables and as count 
and percentage for categorical variables. The primary 
analysis will be conducted using the intention-to-treat 
population. A linear mixed-effects model for repeated 
measures will be used to estimate the change in the SPPB 
score from baseline to 4 months. The fixed effects in the 
model will include SBBP score at baseline, trial group, 
visit, interaction of trial group with visit, and age at base-
line. Mixed-effects models for repeated measures will also 
be considered for secondary outcomes. Subgroup analy-
ses will be conducted based on the duration of RA, use 
of biologics and Janus kinase inhibitors, and remission of 
disease activity. The number and percentage of patients 
with adverse events will be calculated for each group. 
For the primary outcome, a two-tailed P value of < 0.05 
will be considered to indicate statistical significance. For 
all other outcomes, point estimates and 95% confidence 
intervals will be reported. The widths of confidence inter-
vals will not be adjusted for multiplicity. There is no plan 
for any interim analysis or early stopping. Analyses will be 
performed using Stata software, version 17 (StataCorp, 
College Station, TX), SAS software, version 9.4 (SAS 
Institute, Cary, NC), or R software, version 4.10 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Discussion
To the best of our knowledge, this is the largest ran-
domized controlled trial to examine the efficacy of a 
personalized exercise program on physical function in 
elderly patients with RA who are at a high risk for sar-
copenia. Resistance training is considered as an effec-
tive exercise intervention to improve muscle strength 
and counteract muscle loss in RA [2]. Although the 
American College of Sports Medicine recommends that 
training loads corresponding to 60–70% of a repetition 
maximum are necessary to promote muscle strength 
and mass accrual [33], conventional high-load resistance 
training may not be feasible in all RA patients because of 
pain, fatigue, and joint limitations imposed by the disease 
[5]. A previous study showed that 82% of patients in the 
intensive exercise program had lower resistance or less 
exercise time than planned because of pain or fatigue. 
Similarly, 65% of the patients adjusted the exercise load 
for the resistance exercises [5]. Therefore, the develop-
ment of novel and feasible strategies to counteract RA-
related muscle mass and strength loss is necessary. When 
a tailored exercise program improves physical function, 
the results of this study will offer a more feasible alter-
native to uniform resistance training for treating patients 
with more severe joint disease.

The current study has several limitations. First, because 
this is a single-center study that mainly consists of stable 
established RA, the generalizability to active early RA is 
limited. Second, although exercise can be individualized 
to improve the feasibility of the exercise program, the 
average effect of the individualized exercise program may 
depend on the characteristics of the study population 
such as age, muscle mass, pain, joint destruction, and dis-
ease activity. Therefore, we will conduct several subgroup 
analyses to assess the effect modification of the exercise 
programs. Third, the patients will not be blinded to the 
intervention assignment because blinding would be dif-
ficult considering the nature of the intervention. In con-
trast, the physician and outcome assessor will be blinded. 
Therefore, objective outcomes may be minimally biased, 
whereas subjective outcomes may be affected by infor-
mation bias.

This study will provide evidence as to whether a per-
sonalized exercise program can improve physical func-
tion and quality of life in elderly patients with RA. 
Physical therapists may use this knowledge in their daily 
practice to improve RA treatment. Tailored exercise may 
enhance the health outcomes of the RA population and 
contribute to a reduction in healthcare costs. Consider-
ing that the key elements that constitute an individual 
exercise program are easily applicable, this will, in turn, 
infer the potential translation to other inflammatory 
conditions.
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