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Table SI. Search strategy for Medline. 

Comorbidity/ OR comorbid* OR co-morbid* 

Multimorbidity OR multimorbid* OR multi-morbid* OR multidisease* OR multi-disease* 

1 OR 2 

Exercise/ OR exercise 

Rehabilitation/ OR rehab* 

Exercise therapy/ OR “exercise therap*” 

4 OR 5 OR 6 

3 AND 7 

Note: All searches were limited to English and human 



Table SII. Intervention details (n = 38). 
Study Intervention Other 

interventions 

Frequency 

(sessions/week) 

Duration of 

Rehabilitation 

Duration of 

session 

(minutes) 

Intensity Supervision (exercise) Location 

Abdelbasset 

2019(1) 

Int 1 = treadmill walking  

 

Int 2 = treadmill walking  

Com = usual medical care  

Nil  

 

Nil  

Nil 

3 

 

3 

12 weeks  

 

12 weeks  

20-40 

 

30 

Int 1 = 40-70% max 

HR  

Int 2 = 60-70% max 

HR 

NS Hospital-

based 

Abd El-

Kader  

2013(2) 

Int = exercise training: treadmill; basic 

physical fitness movements (running, jumping 

& playing with medicine ball) 

Diet regime & 

medical treatment 

4 8 weeks 15-35 Treadmill: 60-80% 

max HR 

Physical education 

expert 

NS 

Com = usual medical care Nil 

Al-Jiffri  

2013(3) 

Int = aerobic exercise training: treadmill Prescribed low-

calorie diet 

3 3 months 30 65-75% max HR NS NS 

Com = prescribed low-calorie diet Nil 

Barnes  

2009(4) 

Int = aerobic & resistance exercise: 

combination of cycling, walking and jogging; 

resistance exercises – 7 exercises for upper & 

lower limb muscle groups 

Very low-energy 

diet (with meal 

replacement) 

3 (resistance) 

And 

5 (aerobic) 

16 weeks 

(resistance)  

And 

12 weeks 

(aerobic) 

3 sets of 12 

repetitions 

(resistance) 

And 

40 (aerobic) 

80% 1-RM 

(resistance) 

And 

80% VO2 peak 

(aerobic) 

Exercise physiologist & 

physiotherapist 

Hospital-

based & 

home-based 

Com = N/A  

Beaudoin  

2017(5) 

Int = aerobic & resistance exercise: walking, 

jogging, cycling or elliptical trainer; resistance 

exercises – 5-7 exercises for large muscle 

groups 

Nil 3 12 weeks 20-40 

(aerobic) 

And 

1-3 sets of 8-

15 repetitions 

(resistance) 

60-80% VO2 peak 

(aerobic) 

And 

30-50% 1-RM 

(resistance) 

NS Hospital-

based 

Com = usual medical care Nil 



Bernocchi  

2018(6) 

Int = exercise: mini-ergometer, callisthenic 

exercises, free walking OR mini-ergometer, 

muscle reinforcement exercises (with 

weights), free walking 

Education 3-7 4 months 45-55 

(aerobic) 

And 

30-40 

(resistance) 

Moderate or high 

level of dyspnoea 

on Borg scale 

Physiotherapist Home-based 

Com = usual medical care Nil 

Byrkjeland 

2015(7) 

Int = aerobic & resistance exercise: supervised 

- alternating between: circuit training/interval 

training (uphill walking or step)/spinning 

[resistance components used free weights]; 

home - walking/swimming/cycling/cross-

country skiing 

Nil 2 (supervised) 

And 

1 (home-based) 

12 months 60 (duration 

of class) 

10-15 

repetitions 

(resistance) 

High intensity: RPE 

≥ 15 (5-15 minutes) 

And 

Moderate intensity: 

RPE = 12-14 

(remaining time) 

Qualified instructors Hospital-

based & 

home-based 

Com = control group (usual care with GP) Nil 

Castro  

2015(8) 

Int = aerobic & resistance exercise: cycle-

ergometer or treadmill; resistance - elastic 

bands and dumbbells 

Haemodialysis 3 16 weeks 20 (aerobic) 

And 

20 

(resistance) 

NS (aerobic & 

resistance) 

NS Hospital-

based 

Com = N/A  

Chiang 

2020(9) 

Int = aerobic exercise: brisk walking, jogging, 

stationary ergometer exercise; individual 

session of physical activity promotion  

Com = individual session of physical activity 

promotion  

Nil  

 

3 12 weeks  30 70% HRR  NS Home-based  

Collins  

2010(10) 

Int = home-based walking program Bi-weekly phone 

call 

3 (minimum) 6 months 50 NS Exercise instructor Home-based 

Com = bi-weekly phone call Nil 

Crisafulli  

2010(11) 

Int = pulmonary rehabilitation (peripheral limb 

training) 

Educational 

sessions, chest 

3 21 sessions  

(9 weeks) 

NS Physiotherapist Hospital-

based 



physiotherapy, and 

psychological and 

nutritional 

counselling when 

indicated 

180 (specific 

duration of 

exercise NS) 

Com = N/A  

de Groot  

2012(12) 

Int = aerobic & strengthening exercise: free-

walking, treadmills, stationary cycling or 

elliptical machines; resistance exercises – sit-

to-stand, single-arm curl, shoulder press, wall 

push-ups, side bends & forwards lunges (using 

body weight or commonly available items) 

Cognitive 

behavioural 

therapy 

150 minutes per 

week 

12 weeks 

(aerobic) 

And 

4-6 weeks 

(resistance) 

20-30 

(aerobic) 

And 

NS 

(resistance) 

55-75% HRR 

(aerobic) 

And 

Appropriate 

intensities using the 

RPE method 

Exercise physiologist & 

community fitness 

director 

Community 

exercise 

facility 

Com = N/A  

Freitas  

2018(13) 

Int = aerobic & resistance exercise: treadmill, 

bike or elliptical machine; resistance - 

targeting major muscle groups (pectoral, 

deltoid, quadriceps & hamstrings) 

Education and diet 

regime (low-

calorie) with 

nutritionist & 

psychologist input 

2 3 months NS (aerobic) 

And 

2 sets of 10 

repetitions per 

exercise 

50-75% VO2 peak 

(aerobic) 

And 

50-70% 1-RM 

(resistance)  

Physiotherapist Hospital-

based 

Com = sham exercise: breathing (based on 

yoga’s pranayama breathing exercises) & 

stretches - targeting major muscle groups: 

(trapezius, pectoralis, gluteus, hamstrings, 

quadriceps femoris, paraspinal, latissimus 

dorsi, and pubis adductors) 

Education and diet 

regimen (low-

calorie) with 

nutritionist & 

psychologist input 

2 3 months NS 

(breathing) 

And 

10 seconds 

per stretch 

no intensity 

progression 

(breathing) 

And 

no progression 

(stretches) 

NS NS 

Halvari  

2017(14) 

Int = aerobic & resistance exercise: spinning 

classes; endurance & resistance circuit 

training; interval training – uphill 

walking/jogging; weight room training 

Nil 3 12 months 60 High intensity: RPE 

≥ 15 (5-15 minutes) 

And 

Students with Masters 

degrees from the 

Norwegian School of 

Sports Sciences 

Hospital-

based & 

home-based 



 Moderate intensity: 

RPE = 12-14 

(remaining time) 
Com = usual physical activity Nil 

Hassan  

2016(15) 

Int = pulmonary rehabilitation (exercise 

training targeting upper & lower limbs); 

treadmill (interval training); resistance - free 

weights 

Education 3 8 weeks NS (aerobic) 

And 

30 repetitions 

(resistance) 

60-80% max HR 

(aerobic) 

And 

According to 

patient’s tolerance 

(resistance) 

NS NS 

Com = N/A  

Hsu 

2021(16)  

Int = resistance exercise (elastic band open 

chain exercises for lower limb muscles)  

 

Int 2 = resistance exercise (elastic band open 

chain exercises for lower limb muscles  

Com = Diet control  

Diet control  

 

 
 

Nil  

 

 

Nil  

3 

 

 

 

3 

 

12 weeks  

 

 

10 

repetitions/5 

sets  

RM 10 and RPE 13  Clinical staff  Home-based  

Johnson  

2014(17) 

Int = aquatic exercise program – details not 

described 

NS NS 12 weeks NS NS NS Community-

based 

Com = NS   

Khadanga  

2016(18) 

Int = cardiac rehabilitation (aerobic & 

resistance exercise): treadmill and arm 

ergometer, stepper, trampoline or rower; 

resistance – 6 exercises (leg extension, leg curl, 

bench press, shoulder press, lateral pulldown & 

bicep curl), using weight-lifting equipment or 

free weights 

Education Up to 3 3-4 months 

(maximum 36 

sessions) 

45-60 

(aerobic & 

resistance 

combined) 

10 repetitions 

per exercise 

(resistance) 

70-85% max HR 

(aerobic) 

And 

50% 1-RM 

(resistance) 

Cardiac rehabilitation 

specialist 

Medical 

centre 

Com = N/A  



Kurian  

2010(19) 

Int = resistance exercise training – details not 

described 

NS NS 12 weeks NS NS NS NS 

Com = N/A  

Listerman  

2011(20) 

Int = cardiac rehabilitation (aerobic & 

resistance exercise): details not described 

Individual 

counselling & 

group education 

2-3 24-36 sessions 60 Each participant 

was given an 

individualized 

prescription based 

on baseline 

functional capacity 

NS Medical 

centre 

Com = N/A  

Lo 2021(21) Int = aerobic exercise: cycle ergometry  

Com 1 = MI 

Com 2 = usual care 

MI 

 

Nil  

3-5 12 weeks  30-50 50-80% HRR Physiotherapist/nurse Hospital-

based  

Martin  

2016(22) 

Int = cardiac rehabilitation (exercise-based 

program): details not described 

NS NS 12 weeks NS NS NS NS 

Com = N/A  

McNamara  

2013(23) 

Int 1 = land-based exercise (aerobic & 

resistance): upper & lower limb aerobic 

exercises (punching, kicking, stationary 

marching, walking: treadmill or free-walking, 

stationary cycling); upper & lower limb & 

thoracic cage stretches; resistance exercises – 

3 unsupported arm exercises 

Nil 3 8 weeks 60 (aerobic & 

resistance 

combined) 

And 

3 sets of 10 

repetitions 

(resistance) 

80% average 

6MWT speed 

(walking) 

And 

3-5 on modified 

Borg Scale (0-10) 

for dyspnoea & 

RPE 

Physiotherapist Hospital-

based 

Int 2 = water-based exercise (aerobic & 

resistance): upper & lower limb aerobic 

exercises (extensive variety of exercises); 

upper & lower limb & thoracic cage stretches; 

resistance exercises – 3 unsupported arm 

exercises  

Nil 3 8 weeks 60 (aerobic & 

resistance 

combined) 

And 

3 sets of 10 

repetitions 

(resistance) 

3-5 on modified 

Borg Scale (0-10) 

for dyspnoea & 

RPE 

Physiotherapist 



Com = no exercise Nil      

Mentz  

2013(24) 

Int = aerobic exercise - walk (treadmill or 

walking-independently) or stationary cycling 

Self-management 

education program 

3 (supervised) 

And 

5 (home exercise) 

Up to 4 years 30-35 

supervised & 

40 home-

based 

60-70% HRR 

 

NS Supervised 

setting & 

home-based Com = usual medical care Self-management 

education program 

Mesquita  

2015(25) 

Int = pulmonary rehabilitation: details not 

described 

NS 5 (inpatient) 

Or 

3 (outpatient) 

8 weeks 

(inpatient) 

Or 

14 weeks 

(outpatient) 

NS NS NS Hospital-

based 

Com = N/A  

Mundra  

2013(26) 

Int = cardiac rehabilitation – details not 

described 

NS NS 8-12 weeks NS NS NS NS 

Com = N/A  

Naz  

2019(27) 

Int = pulmonary rehabilitation (aerobic & 

resistance exercise): treadmill & stationary 

bike; resistance exercises - free weights (upper 

& lower limb) 

Breathing exercises 

and stretching 

exercises 

2 8 weeks 30 (aerobic) 

And 

8-10 

repetitions 

(resistance) 

 

120 (total 

exercise time) 

Treadmill walking 

speed: (6MWT 

distance x 10)/1000 

x 0.8 km/h 

Cycling workload: 

(Watt = 103.217 + 

(30.500 x sex) + (-

1.613 x age) + 

((0.002 x distance x 

weight)) sex; male 

= 1 female = 0) 

And 

4-6 modified Borg 

scale (aerobic & 

resistance) 

Physiotherapist Hospital-

based 

Com = N/A  



Nonoyama  

2016(28) 

Int = cardiac rehabilitation (aerobic & 

resistance exercise): walking; resistance 

exercises - lower & upper body & trunk-

stabilizing exercises 

Education and 

psychological & 

dietary counselling 

1 per week (6-12 

months) 

And 

1 per month (4-12 

months) 

6-12 months 90 (duration 

of class) 

60 maximum 

(aerobic) 

And 

10-15 

repetitions 

(resistance) 

60-80% VO2 peak 

(aerobic) 

And 

NS (resistance)  

Physiotherapist & 

kinesiologist 

Hospital -

based 

Com = N/A  

Servantes 

2012(29) 

Int 1 = aerobic training: walking  Education 3 (first and second 

months) 

And 

 4 (third month) 

3 months 30-45 Borg exertion scale 

(0-15) to evaluate 

intensity 

Heart rate levels 

that correspond to 

anaerobic threshold 

(10 heart rates up & 

down) 

Physiotherapist Home-based 

Int 2 = aerobic & resistance training: walking; 

resistance exercises – 3 exercises for upper 

limb & 4 exercises for lower limb (free 

weights)  

Education 3 (first and second 

months) 

And 

 4 (third month) 

3 months 30-45 

(aerobic) 

And 

1 set of 12-16 

repetitions 

each exercise 

(resistance) 

 

Borg exertion scale 

(0-15) to evaluate 

intensity 

Heart rate levels 

that correspond to 

anaerobic threshold 

(10 heart rates up & 

down) 

And 30-40% 1-RM 

(resistance) 

Physiotherapist 

Com = untrained group Nil      

Soleimani  

2009(30) 

Int = cardiac rehabilitation (aerobic exercise): 

treadmill 

Psychological & 

dietary counselling 

3 8 weeks 20 Intensity of exercise 

was patient 

dependent: no 

Physical therapist Hospital-

based 

Com = N/A  



further details 

provided 

Sridhar  

2010(31) 

Int = aerobic exercise: treadmill or cycling Nil 5 12 months 30 NS Physiotherapist Hospital-

based Com = no exercise Nil 

Srinivasan  

2014(32) 

Int = Tai Chi Antidepressant 

treatment 

2 8 weeks 60 NS Certified instructor NS 

Com = mind-body education Antidepressant 

treatment 

2 8 weeks 60 Trained personnel 

Takaya  

2014(33) 

Int = cardiac rehabilitation: walking, cycling & 

calisthenics 

Education 5 (weeks 1-2 = 5 

supervised sessions 

& remaining 10 

weeks = 2 

supervised session 

& home-based) 

3 months 30-60 50-60% HRR 

(aerobic) 

Or 

12-13 Borg RPE 

scale (6-20) 

NS Centre-based 

& home-

based Com = N/A  

Com = N/A  

Tunsupon  

2017(34) 

Int = pulmonary rehabilitation: treadmill; 

stationary cycle; stretching; light floor 

exercises (with or without weights)  

Nil 3 8 weeks 90 (duration 

of class) 

NS NS NS 

Com = N/A  

Verges 

2004(35) 

Int = cardiac rehabilitation: treadmill, cycle 

and arm ergo 

Education 3 2 months 60 65-80% max HR 

And 

13-15 Borg RPE 

scale 

Exercise physiologist NS 

Com = N/A  

Wang  

2013(36) 

Int = aerobic interval training: bicycle 

ergometer 

Nil 3 12 weeks 15 (5, 3-

minute 

intervals) 

80% VO2 peak NS Hospital-

based 

Com = N/A  

Woodard  

1994(37) 

Int = cardiac rehabilitation: walking or 

stationary cycling 

Nil 3 6 months 45 50-85% symptom-

limited HRR 

NS Community-

based 



Com = N/A  

Zwerink  

2010(38) 

Int = exercise program: cycling; walking; 

lifting; functional strength exercises 

2 self-management 

sessions 

2 (community-

physio practice) 

And 

1 (home-based) 

10 weeks NS NS NS Community-

based & 

home-based Com = N/A  

Int = intervention; Com = comparison; max = maximum; HR = heart rate; NS = not stated; N/A = not applicable; RM = repetition maximum; VO2 peak = peak 

oxygen consumption; GP = general practitioner; RPE = rating of perceived exertion; HRR = heart rate reserve; MI - motivational interviewing; 6MWT = 6-minute 

walk test  



Table SIII. Quality assessment – Randomized Controlled Trials and Randomized Crossover Trial 

Study Rando

m 

allocati

on 

Concea

led 

allocati

on 

Groups 

similar 

at 

baseline 

Participa

nt 

blinding 

Therapist 

blinding 

Assessor 

blinding 

Groups 

treated 

identically 

other than 

intervention 

Follow 

up 

compl

ete 

Analysed 

in group 

randomi

zed to 

Outcomes 

measured 

in same 

way 

Outcomes 

measured 

in a 

reliable 

way 

Appropria

te 

statistical 

analysis 

Appropr

iate trial 

design 

for RCT 

Abdelbasset(1) 

Abd El-Kader(2) 

UC 

UC 

UC 

UC 

Y 

Y 

N 

N 

UC 

UC 

UC 

UC 

Y 

Y 

Y 

Y 

Y 

UC 

Y 

Y 

Y 

Y 

Y 

Y 

Y  

Y 

Al-Jiffiri(3) UC UC UC N N UC Y Y Y Y Y Y UC 

Beaudion(5) Y N Y N N UC Y Y Y Y Y Y Y 

Bernocchi(6) Y N N N N UC Y Y Y Y UC Y Y 

Byrkjeland(7) Y Y Y N N Y Y Y Y Y Y Y Y 

Chiang(9) Y Y N N UC Y Y Y Y Y Y Y Y 

Collins(10) UC UC Y N N UC Y UC UC UC UC Y UC 

Freitas(13) Y Y Y Y N Y Y Y Y Y Y Y Y 

Halvari(14) Y Y N N N UC Y Y Y Y Y Y Y 

Hsu(16) Y Y Y Y UC UC Y Y Y Y Y Y Y 

Johnson(17) UC UC UC N N UC UC UC UC UC UC UC UC 

Lo(21) UC UC Y UC UC UC Y Y Y Y Y Y Y 

McNamara(23) Y Y Y N N Y Y Y Y Y Y Y Y 

Mentz(24) Y Y N N N Y Y Y Y Y Y Y Y 

Servantes(29) Y Y Y N N Y Y Y Y Y Y Y Y 

Sridhar(31) UC UC Y N N UC Y Y Y Y Y Y Y 

Srinivasan(32) UC UC Y N N UC UC Y Y Y Y UC UC 

Y = yes; N = no; UC = unclear  



Table SIV. Quality assessment – cohort studies. 

Study Groups 

similar & 

recruited 

from same 

population 

Exposure

s 

measured 

similarly 

in both 

groups 

Exposures 

measured 

in a valid 

&reliable 

way 

Identified 

confoundi

ng factors 

Strategies 

to deal 

with 

confoundi

ng factors 

Groups/particip

ants free of 

outcome at 

start 

Outcom

es 

measur

ed in a 

valid 

&reliab

le way 

Follow 

up time 

reported 

& 

sufficient 

Follow 

up 

complete 

& 

reasons 

why not 

Strategies 

for 

incomplete 

follow up 

Appropri

ate 

statistical 

analysis 

Barnes(4) NA NA Y Y N NA Y Y N NA Y 

Castro(8) NA NA Y N N NA Y Y N N UC 

Crisafulli(11) NA NA Y NA NA NA Y Y N N Y 

Hassan(15) NA NA Y N NA Y Y Y Y N Y 

Khadanga(18) NA Y Y Y N NA Y Y Y N Y 

Kurian(19) UC UC UC UC UC UC UC Y UC UC UC 

Listerman(20) NA Y Y Y Y Y Y Y Y UC Y 

Martin(22) UC UC UC UC UC UC UC Y UC UC UC 

Mesquita(25) NA NA UC Y Y Y UC Y Y NA Y 

Mundra(26) Y Y UC N N Y UC Y N N UC 

Naz(27) Y NA Y Y Y Y Y Y Y Y Y 

Nonoyama(28) NA NA Y Y Y Y Y Y Y UC Y 

Soleimani(30) Y Y Y NA NA Y UC Y Y NA Y 

Takaya(33) Y NA Y NA NA Y Y Y Y NA Y 

Tunsupon(34) NA NA Y Y Y Y UC Y Y Y Y 

Verges(35) Y NA Y NA NA Y Y Y Y NA Y 

Wang(36) Y Y Y Y Y Y Y Y N N Y 



Woodard(37) Y NA Y N N Y Y Y N N Y 

Zwerink(38) NA NA UC Y Y Y UC Y Y UC Y 

Y = yes; N = no; UC = unclear; NA = not applicable 

 

Table SV. Quality assessment – quasi-experimental studies. 

Study Clear 

‘cause’& 

‘effect’ 

Participants 

similar 

Participants 

receiving similar 

treatment other 

than intervention 

Control 

group 

Outcome 

measures pre- 

& post-

intervention 

Follow up 

complete & 

reasons why 

not 

Outcomes 

measured in 

same way 

Outcomes 

measured in 

a reliable 

way 

Appropriate 

statistical 

analysis 

 

de 

Groot(12) 

Y Y Y N Y Y Y Y Y  

Y = yes; N = no 
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