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II. List of hospitals that cooperated in the trial 
Tosei General Hospital 

Kindai University Faculty of Medicine 

Kanagawa Cardiovascular and Respiratory Center 

KKR Takamatsu Hospital 

Kirigaoka Tsuda Hospital 

Kobe City Medical Center General Hospital 

Kobe City Medical Center West Hospital 

Ogaki Municipal Hospital 

Nagoya University Hospital 

Nagasaki University Hospital 

Saiseikai Kumamoto Hospital 

Kameda Medical Center 

Matsumoto Kyoritsu Hospital 

Ise Red Cross Hospital 

Kurashiki Central Hospital 

Fujita Health University Hospital 

Matsusaka Municipal Hospital 

KKR Sapporo Medical Center 

Seirei Mikatahara General Hospital 
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V.  EXERCISE TRAINING PROTOCOL 

 

 

1. Outpatient pulmonary rehabilitation (PR) supervised by a cardiorespiratory physiotherapist1 

Participants attended a twice-weekly, 12-week supervised outpatient pulmonary rehabilitation program (PRP) and 

completed an individually prescribed home exercise program. The supervised program consisted of 60 minutes of 

exercise training (endurance and resistance training). The components of the exercise training program are as 

follows: 

 

1.1. Endurance training (cycling 15 min + walking 15 min) 
This comprised 15 minutes each of stationary cycling and treadmill or corridor walking. Participants prescribed 

long-term oxygen therapy (LTOT) exercised using supplementary oxygen. Further, those not prescribed LTOT but 

in whom percutaneous oxygen saturation (SpO2) was less than 85% received supplemental oxygen during exercise. 

 

1) Cycling 

The initial intensity for cycling was 80% of the peak work rate achieved on the incremental exercise test for those 

participants in whom the endurance time (ET) measured using a constant-load cycle ergometer test was more than 

15 minutes. In those with an ET less than 15 minutes, the initial intensity for training was 60% and this was 

increased in increments of 10% to achieve a training intensity of 80% within 3 weeks. Interval training (cycling for 

1 min at 80% of peak work rate, alternating with 1 min rest intervals) was also utilized according to the following 

protocol (Fig. 1) if a participant was unable to tolerate continuous exercise. Progression of training was achieved by 

increasing workload to the level that participants reported a dyspnea or rate of perceived exertion score of at least 3 

or 4 (“moderate” to “somewhat severe”) on the modified Borg scale2. 

 

 

 

Fig 1. cycling training protocol 
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2) Walking 

The initial intensity for walking was 80% of the average speed achieved on the 6-minute walk test3. Participants 

unable to tolerate walking on the treadmill walked in a corridor. This group was told the distance to cover each 

minute and over the 15 min, and given an individualized target dyspnea score from the modified Borg scale2. If a 

participant could not tolerate 15 min or continuous walking, he or she was instructed to take rests but to achieve a 

total of 15 min walking. The walking intensity (speed) was progressed individually according to each participant’s 

ability. 

 

1.2. Resistance training 

The resistance training comprised two upper limbs and one lower limb exercise using weight bands or dumbbells. 

The initial load for the upper limb exercises (shoulder flexion, shoulder abduction) was 1-2 kg in each hand, and 10 

repetitions were performed. This was increased by 1-2 sets until a total of 5 sets was reached. The weight was then 

increased by 0.5-1kg for each hand every 1 or 2 weeks. Lower limb resistance training, knee extension exercise, 

commenced with a load of 2 kg and 5 sets of 10 repetitions, and was increased by 1-2 kg every 1 or 2 weeks when 

the participant could perform the exercises without any difficulty. 

 

1.3. Monitoring and recording during training 

SpO2 was monitored during each exercise session, and maintained above 85% with oxygen administration. 

Participants were encouraged to rest when they perceived strong dyspnea or leg fatigue (≥ 7 on the modified Borg 

scale). The physiotherapist recorded dyspnea, fatigue and other symptoms, SpO2 and pulse rate, program 

descriptions, exercise intensity and duration for all participants for each of the exercise sessions. 

 

1.4. Home exercise program 

Participants were instructed to complete an unsupervised home exercise program on two days each week. The 

program comprised endurance and resistance exercises of similar intensity (at the same dyspnea or rate of 

perceived exertion score on the modified Borg scale) and duration of walking (endurance exercise), and the number 

of repetitions and sets (resistance training) as the supervised exercise sessions. Resistance training was 

accomplished using resistance bands or the participant’s body weight. For lower limb exercise, 3 sets of 10 hip 

abductions and knee extensions with resistance bands, and 3 sets of 5 squats and 10 standing calf raises each were 

prescribed. 

Participants were also instructed to increase their physical activity and to measure daily step counts except on the 

days when neither supervised nor unsupervised exercise training was undertaken. The goal was to increase the daily 

step count by 10% each month, up to 6,000 steps per day. 

These individualized programs were given to the participant in the format of exercise cards. Participants recorded 

exercise sessions in an exercise diary, including the type, frequency, duration and intensity of walking exercises, 

and the number and type of resistance exercises performed. A physiotherapist regularly reviewed the diary to 

determine if the exercises were performed with the same intensity, duration and number of sets, and repetition of 

exercises as the supervised exercises, and provided feedback. 
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2. Maintenance pulmonary rehabilitation1 

At the completion of the 12-week outpatient PRP participants underwent a 40-week maintenance program. They 

were instructed to complete their home exercise program at least 4 days per a week, and attended the supervised 

outpatient PR at least once every 4 weeks. The home exercise program was identical to that undertaken during the 

12-week initial PRP. Exercise diaries and pedometers were used to encourage participants to maintain the 

frequency, duration and intensity of the exercise prescription, and physical activity. 

Participants recorded the type, number, and duration of exercises they performed, and implementation of the 

exercise program was self-rated on a 5-point Likert scale (from “I couldn't do it at all” to “I could do it well”) in the 

home diary. Physiotherapists reviewed the exercise diary and provided feedback to the participants when attending 

the outpatient program. 
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