
Regenerative Research Vol4 Issue1 June 2015 45 

 

 
Regenerative Research 4(1) 2015 45-51 

EFFECTS OF EXERCISE ON PHYSICAL STRESS AMONGST PATIENTS UNDERGOING 

STEM CELL TRANSPLANTATION 

 

 

Amini F*, Naveni M 

 
 

School of Healthy-Aging, Medical Aesthetics & Regenerative Medicine, Faculty of Medicine and Health  Science, UCSI University, Kuala 

Lumpur, Malaysia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.0 Introduction 

 

The procedure of stem cell transplantation, is usually the final 

mode of treatment for patient with neoplastic diseases such as, 

thalassemia, acute lymphoblastic leukemia, acute myelogenous  

leukemia, chronic myelogenous leukemia, chronic 

lymphocytic leukemia, aplastic anemia, sickle cell disease, and 

non-Hodgkin's lymphoma. It is evident that stem cell transplant 

puts patients at a high level of stress about the outcomes of the 

treatment. Besides that, the procedure itself as well as the 

hospital stay causes reduced physical capacity and fatigue 

among the patients. All these problems eventually influence the 

quality of life of the patients and some of them are totally or 

partially unable to carry out their previous role functions in the 

society (1-4). Most of the patients encountered problems 

include loss of physical performances/fitness, fatigue 

(distress), emotional problems and immunological/ 

hematological changes (2-7). Even if the procedure is 

successful, such stress causes negative impact towards long 

term outcome of the procedure. 

 

Exercise is believed to aid in speeding the recovery and 

rehabilitation from different medical procedures and assist 

patients in enhancing their quality of life by improving physical 
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Physical stress is common amongst patients who have undergone stem cell transplantation. 

Numbers of studies have been done to determine the efficacy of exercise in improving 

physical and psychological stress in stem cell transplant patients. The aim of this study was 

to review the current evidence on the effect of exercise on physical stress in patients 

undergoing stem cell transplantation. Different databases such as PubMed, Google scholar, 

and Cochrane Library were searched from year 2000 to 2014 using different keywords. A 

total of 107 articles were found from literature search. However only 10 articles including 

5 cohort studies and 5 RCTs met the inclusion and exclusion criteria with a total of 402 

patients. The results from these selected studies showed that physical fitness parameters 

tested such as total energy expenditure, peak aerobic capacity, oxygen utilization, muscle 

strength scores, power output, stroke volume, heart rate and blood lactate levels had 

significant improvement in exercise post intervention compared to the pre-intervention. No 

adverse effect was reported. According to these results, it was concluded that  exercise 

intervention programme is a safe and effective method to decrease physical stress and 

enhance quality of life in stem cell transplant patients. The well-planed exercise intervention 

tolerated without any complications. 
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and psychological fitness. It also aided in reducing the 

depression due to the disease, reduce anxiety, improve fatigue, 

decrease mood and sleep disturbances, nausea, and improve 

self-esteem and confidence in the patients. (8-9).  Studies also 

showed that patients perceived exercises as a tool to help them 

with self-control and assist in coping with the disease, which 

eventually allowed them to have a good control of their life 

(10). Exercise programmes can also help patients to recover 

faster and decrease the duration of hospitalization (11). 

 

2.0 Material and Method 

This research was a structured literature review. The searches 

were performed in the PubMed Google Scholar and Cochrane 

Database of Systematic Reviews (2000 – 2014) using a series 

of keywords such as stem cell transplantation, allogenic stem 

cell transplantation, autologous stem cell transplantation, 

hematopoietic stem cell transplantation, bone marrow stem cell 

transplantation, peripheral blood stem cell transplantation, 

physical stress, exercise program, effects of exercise. The 

inclusion criteria were human studies with patients who 

underwent stem cell transplantation. English literatures, and 

studies from various methodology of randomized control trials, 

case studies, retrospective studies, and cohort studies were 

included. 

 

Quality assessment of journals were done based on the JADED 

Scoring for randomized control trials and Newcastle Ottawa 

Scoring for other studies.   

 

The PICO framework was: 

Population:  Patients who were undergoing stem cell transplant 

includes hematopoietic stem cell transplantation 

(HSCT), peripheral blood stem cell 

transplantation (PBST), bone marrow stem cell 

transplant.  

Intervention Exercise program for stem cell transplant patients 

before or/and during hospitalization phase, as 

outpatient context or home based setting. 

Exercise program: Endurance training (cycling, 

treadmill ergometer stress test); aerobic exercise 

and resistance training. 

Comparison Stem cell transplant patients  under standard care 

of physical activity during hospitalization 

Outcome Improvement in physical stress/fitness. 

Tools for assessment of physical fitness include 

body Mass Index (BMI), peak aerobic capacity, 

muscle strength, skeletal mass, fat free mass 

(FFM), percentage of body fat, stroke volume, 

heart rate, power output at Ventilatory threshold 

2(VT2), Total energy expenditure (TEE) and total 

Body water (TBW) 

 

 

3.0 Results and Discussion 

 

3.1 Summary of Literature Search 

 

A total of 107 articles were found from literature search using 

the keywords and additional filters. Monitoring the title and 

abstract of these 107 articles showed that 18 articles are related 

to the study topic. Abstracts of these 18 articles were reviewed. 

Finally 10 articles which fulfilled the inclusion and exclusion 

criteria were chosen to be used for the structured review with a 

total of 402 patients. The study design in five articles were 

cohort and the other 5 were RCT. However, three out of ten 

studies published by Hayes et al. (12-14) have reported 

outcomes from the same population of 12 patients. Their results 

have been described in our review, but, we have counted their 

participants only once.  

 

The parameters which were measured and analyzed in these 

studies were endurance and aerobic fitness, strength 

performance, body composition and energy expenditure. 

Except studies by Hayes et al. (12-14) whom patients had 

received autologous peripheral stem cell, in the other 7 studies, 

patients had received either autologous or allogenic 

hematopoietic stem cell transplant (HSCT). 

 

Characteristics of studies, patients, intervention and outcomes 

have been reported in tables 1, 2 and 3. 

 

3.2 Description of Interventions 

 

Among the type of exercises frequently used were aerobic 

exercise, endurance training and resistance exercise. The 

endurance and aerobic exercises was performed via treadmill 

walking and stationary cycling.  The duration and initiation of 

exercise intervention varied between the studies. Some studies 

included progressive relaxation and psychoeducation as an 

additional mode of therapy for patients who were undergoing 

stem cell transplantation. The exercise programmes for 

transplant patients were conducted in various ways. They were 

either conducted inpatient context during hospitalization for 

chemotherapy and transplant, monitored by the medical 

personnel or in outpatients context, where home based exercise 

programmes were implemented and it were either monitored 

by medical personnel from time to time or self-monitored by 

the patients themselves with records kept in a log book. In the 

selected studies, six studies had the exercise intervention 

programme implemented after transplantation and discharge 

while four studies (16, 18, 19, 21) started the exercise 

programme before transplantation and continue up to 2 months 

after discharge . There were different approaches to assess the 

physical state of the transplant patient prior to and after the 

intervention. The physical fitness was usually assessed 
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Table 1 Characteristics of selected studies 

  

 

 

 

Author & Year/  

Journal 
Title 

Study 

design 
Diagnosis of  patients 

No. of  

Participants 

 

1 

 

Hayes et al. 2003/ 

Bone marrow 

transplantation 

 

 

Hayes et al. 2004a/ 

Bone marrow 

transplantation 

 

 

Hayes et al. 2004b/ Br J 

Sports Med. 

Total energy expenditure and body composition changes 

following peripheral blood stem cell transplantation and 

participation in an exercise programme. 

Cohort 

 

Various malignancies: 

AML Breast Cancer, 

Multiple Myeloma, NHL 

12 

 

 

2 

Quality of life changes following peripheral blood stem cell 

transplantation and participation in a mixed-type moderate 

intensity, exercise programme. 

 

3 

 

Role of mixed type, moderate intensity exercise  

programme after peripheral blood stem cell transplantation. 

 

4 

 

Wilson et al. 2005/ Bone 

marrow transplantation 

 

P ilot study of a home- based aerobic exercise programme 

for sedentary cancer survivors treated with hematopoietic 

stem cell transplantation. 

Cohort 

Various malignancies: B-

cell lymphoma, Breast 

Cancer, Multiple Myeloma, 

ALL 

17 

 

5 

 

Carlson et al. 2006/ Bone 

marrow transplantation 

 

Individualized exercise program for the treatment of severe 

fatigue in patients after allogenic hematopoietic stem- cell 

transplant: a pilot study. 

 

Cohort 

 

Various hematopoietic 

malignancies (exact 

diagnosis not specified) 

 

12 

6 

 

Jarden et al. 2007/ Bone 

marrow transplantation 

 

P ilot study of a multimodal intervention: mixed –type 

exercise and psychoeducation in patients undergoing 

allogenic stem cell transplantation. 

 

RCT 

CML, AML, ALL, Aplastic 

anemia, Multiple Myeloma, 

NHL, Paroxysmal 

nocturnal, hemoglobinuria, 

Myelofibrosis 

 

 

14 

7 

Baumann et al. 2010/ 

Bone Marrow 

Transplantation 

A controlled randomized study examining the effects of 

exercise therapy on patients undergoing haematopoietic 

stem cell transplantation 

RCT 

AML, ALL, CML, Multiple 

myeloma, NHL/CLL, 

MDS/MPS 

Solid tumour, Variable 

immunodeficiency 

 

64 

8 

 

Baumann et al. 2011/ 

European Journal of 

Haematology 

Physical activity for patients undergoing an allogeneic 

hematopoietic stem cell transplantation: benefits of a 

moderate exercise intervention 

RCT 

AML, ALL, CML, CLL, 

MPS, MDS, CMML, MM, 

PID 

 

47 

9 Knols et al. 2011/ Blood 

Effects of an outpatient physical exercise program on 

hematopoietic stem-cell transplantation recipients: a 

randomized clinical trial 

RCT 

Leukemia (AML, Chronic 

lymphocytic leukemia, 

ALL) Lymphoma 

(Hodgkin, NHL,  Multiple 

myeloma, 

Osteomyelofibrosis 

Amyloidosis, Testicular 

cancer) 

 

131 

10 
Wiskemann et al. 2011/ 

Blood 

Effects of a partly self-administered exercise program 

before, during, and after allogeneic stem cell 

transplantation 

RCT 

AML, ALL, CML, CLL, 

MDS Secondary AML, 

MPS,      

Multiple myeloma, Other 

lymphomas, Aplastic 

anemia 

 

105 

* AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia; CLL, chronic lymphoblastic leukemia; MPS, 

myeloproliferative syndrome; MDS, myelodysplastic, syndrome; CMML, chronic myelomonocytic leukemia; MM, multiple myeloma; PID, primary 

immune deficiency, NHL, Non-Hodgkin lymphom 

 

through, anthropometric parameters such as weight, height and 

Body Mass Index (BMI); peak aerobic capacity, muscle 

strength, skeletal mass, percentage of body fat, fat free mass, 

stroke volume, heart rate, total energy expenditure, blood 

lactate level and so on. The baseline values and post- 
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Table 2 Details of intervention plan in selected studies 

Study Stem Cells used Exercise Intervention plan in study group Intervention plan in control group 

 

Hayes et al. 

(12-14) 

 

 

 

 

Autologous 

Peripheral blood 

stem cell 

 

 

 

Aerobic exercises 

and resistance 

exercise 

 

 

 

 

In study subjects participated in a 3-month duration, 

moderate-intensity and mixed-type exercise  

programme, 3 times/week, for 20–40 minutes. 

 

Control group only had stretching 

programme, three times per week for 3 

months. Stretches were performed for  

all major muscle groups 

 

Wilson et 

al. (15) 

 

Allogenic 

Hematopoietic 

stem cell 

 

Aerobic exercises 

 

At least 6 months after transplantation, participants were 

instructed to exercise at least three times per week for 

20 continuous minutes at their home. 

 

No control group 

 

Carlson et 

al. (16) 

 

Allogenic 

Hematopoietic 

stem cell 

Aerobic exercises 

 

The median time post-transplant was 39 months (range 

9–92 months), 4-week initiation period and the first 12-

week intervention program. In total, the exercise  

intervention took 16 weeks to complete. 

 

No control group 

 

Jarden et 

al. (17) 

 

Allogenic stem 

cell 

Stationary cycling/ 

Dynamic and 

stretching/ 

Resistance training 

 

This programme took place in the patient’s hospital 

room and each session was 1h &10 min, 5 days weekly 

between 9a.m.  and 12 noon, beginning the first day of 

admission (day -7) until the day of discharge. 

 

Patients in control group received 

standard of care for physical activity. 

Physiotherapy was offered  

individually, 2–3 days (range 1–1.5h) 

per week following allo-HSCT. 

 

 

Baumann 

et al. (18) 

 

Autologous or 

allogenic HSCT 

A combination of 

aerobic endurance 

training on a 

bicycle ergometer 

and an 

‘ADL-training’  

(ADL: activities of 

daily living 

 

Starting 6 days before transplant, the patients received 

exercise therapy twice a day. 

Mobilization including 10 min 

gymnastics, 5min stretching; and 

massages for 5 days per week. From 

day +1 until 1 day before the scheduled 

discharge from hospital  

Baumann 

et al. (19) 

 

Allogeneic or 

autologous 

HSCT. 

 

A strength and 

endurance training 

twice a day, 

During whole inpatient period (6 days prior to 

transplant), 2 times per day during aplasia, 1 time per 

day (morning) during chemotherapy and after engraft  

The intervention began 1 d after  

transplantation and ended the day 

before hospital discharge. It was  an 

individual mobilization treatment 

conducted by a physiotherapist 5 d a 

week for 20 min. 

 

Knols et al. 

(20) 

 

Allogeneic or 

autologous 

HSCT. 

 

Endurance and 

resistive strength 

exercises weekly 

twice 

 

3 weeks up to 6 months after autologous or allogeneic 

HSCT. A supervised 12-week, weekly twice, in a 

physiotherapy practice or fitness center near the 

patient’s home. 

 

 

Control group received usual care, 

which did not involve any structured or 

supervised exercise, or any 

encouragement to do physical exercise. 

 

Wiskeman

n et al. (21) 

 

Allogeneic 

hematopoietic 

stem cell 

transplantation 

 

Self-administered 

exercise 

 

A home-based setting before hospital admission, during 

inpatient treatment and a 6- to 8-week period after  

discharge. 

 

 

Control group were advised for  

moderate physical activity. During 

hospitalization, physiotherapy was 

offered up to 3 sessions per week 

(average duration/session, 30 minutes.) 

 

intervention values were taken to assess for the improvement 

post intervention. 

 

Regardless of the setting, duration and initiation of 

intervention, all studies showed that the interventional group 

patients benefitted from the exercise programme.  In study by 

Wilson et al., (15) aerobic fitness among the patients were 

notes to be poor at baseline. A significant clinical improvement 

in the oxygen utilization was noted following the 12 weeks of 

exercise intervention.  In study by Carlson et al., (16) where 

patients underwent a 12-week mild aerobic exercise 

programme there was a significant improvement in physical 

functioning in patients after intervention programme. Strength 

performance exercises were mainly done at study by Jarden et 

al., (17) where various dynamic exercises done to improve  
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Table 3 Details of outcome of selected studies 

 

 

 

Study Outcome in study group Outcome in control group 

 

Hayes et al. (12-14) 

 

 

 

 

Significant increase in fat-free mass, total energy expenditure and 

improvement in peak aerobic capacity (p<0.001), upper and lower 

body strength (p<0.049), total quality of life (p<0.001), physical 

quality of life(p<0.001), psychosocial quality of life (p<0.001), 

muscular strength (p<0.003), and reduce in body weight (p<0.028). 

 

Significant improvement only in quality of life  

(p<0.009) and body weight (p<0.04) 

 

Wilson et al. (15) 

 

Improvement in aerobic fitness, fatigue severity, physical functioning, 

mental wellbeing, health related quality of life (p<0.028). 

 

No control group 

 

Carlson et al. (16) 

 

Improvement in psychological outcome (fatigue, mood disturbances) 

and physiological outcomes (increased power output at  VT2, increase 

stroke volume,    -decrease heart rate, decrease blood lactate, decrease 

perceived       exertion  

 

No control group 

 

Jarden et al. (17) 

 

Improvement in several muscle strength scores: chest press (P=0.023), 

leg extension (P=0.007) and isometric right knee flexor (P=0.033) 

 

Oxygen uptake, isometric right elbow, and stair 

climbing have no significant differences with the 

study group. 

 

 

Baumann et al. (18) 

 

Significant improvement in global quality of life and physical 

functioning. Endurance time remains constant. Lung function values 

remain mostly unchanged, and even improve slightly 

 

Endurance time decrease almost 2 min, Lung 

function values shown a reverse trend  

 

Baumann et al. (19) 

 

Significant differences in favour of the training group regarding 

strength, endurance, lung function and quality of life 

 

Strength, vital capacity, forced vital capacity, 

body weight and BMI shown no significant 

differences compared to study group. 

 

Knols et al. (20) 

 

Significant benefit in terms of 

physical performance. Improvement in diarrhea and emotional 

functioning. 

 

Muscular strength, walking speed and walking 

distance shown no significant differences 

compared to study group.  

 

Wiskemann et al. 

(21) 

 

The exercise group showed significantly improvement in fatigue 

scores (P  < .01-.03), physical fitness/functioning (P  = .02-.03) and 

global distress (P = .03). 

Emotional function, mental fatigue, cognitive 

function, emotional function, depression, stress, 

anxiety and muscle strength shown no significant 

differences compared to the study group 

 

upper and lower body strength with exercises such as leg 

extension, chest press and knee flexion. During the post 

intervention evaluation there was a statistically significant  

improvement in the muscle strength scores for the 

interventional group. Strength performances were also tested 

by Hayes et al. (13). Upon completion of the 3 months 

programme, it was noted that the lower and upper body 

strength was much higher for the exercise group (1.81 kg/kg) 

compared to the control group (0.98 kg/kg). These findings are 

in consistent with other studies and reviews done previously 

for exercise intervention for cancer patients. (20, 22-24). 

According to these studies any increases in physical 

performance increases quality of life. Several mechanisms 

have been proposed to explain the beneficial effects from 

exercise training towards quality of life in patients with cancer, 

among them biological, psychological and social interactions  

 

is more famous. However, the significant evidence to support 

these proposed mechanisms are still limited and warrants for 

future studies in this field. There are some other factors which 

should be considered when taking into account the 

improvement in the physical status of the transplant patients. 

These include, regeneration process related to the medical 

treatment, regeneration due to diet factors as well as the body’s 

natural healing and regeneration. Psychological positivity post-

transplant which patient attain due to the hope of survival and 

quality of life being higher after the transplant also indirectly 

can improve the physical quality of life among the patients. 

These are the other factors which could have played a role in 

improving the physical outcome in the transplant patients 

besides solely the exercise intervention itself. However, there 

are also studies suggesting that, effects of body’s regeneration 

process can be enhanced through exercise. (13, 14, 25). 
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The review also shows that all the exercise interventions 

included in the studies were safe to be performed and no 

complications or adverse effects were noted among the 

participating patients. The average compliance rate was 88% 

and 0% as for complications. 

 

4.0 Conclusion 

 
Physical exercise seems to benefit patients who were 

undergone stem cell transplant by reducing the physical stress 

during and after the transplant phase as well as improving their 

physical capacity and wellbeing. This study also concludes that 

exercise interventions are safe and can be done without any 

complications or adverse effects towards the transplant 

patients, however all aspects of patients safety and tolerability 

must be paid attention when structuring an exercise programme 

for them. It will be beneficial to patients if physicians introduce 

and implement the exercise programme as part of the transplant 

treatment protocol and encourage the patients to participate in 

those programmes. 

 

Further studies with larger sample size and longer follow up 

can also be directed in similar topic in future with detailed 

analysis on aspects such as which form of exercise intervention 

will be better for transplant patients. It will also be a good 

choice to study on the mechanism of tissue regeneration due to 

exercise in depth, to provide a better understanding and 

knowledge of the underlying mechanism involved in 

improving physical stress post exercise intervention. 
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