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ABSTRACT
There are limited data available regarding effectiveness of exercise
training in children undergoing hematopoietic stem cell transplant-
ation (HSCT). We aimed to investigate effects of multimodal exercise
program on clinical status and patient-reported outcomes including
pain, fatigue, depression, and quality of life (QOL) level of children
and their parents’ QOL level. Twenty-six children undergoing HSCT
participated in this study. Clinical status, pain, fatigue, depression,
and QOL level of children were assessed three times: before HSCT, at
discharge, and one month later. For intervention group (IG, n¼ 15),
multimodal exercise program was performed five days a week,
throughout hospitalization and children were advised to continue
exercise program at home. For control group (CG, n¼ 11), being
active as much as possible was advised. The number of painful day
and pain intensity was significantly lower in IG than in CG during
hospitalization (p< .05). Depression level decreased in IG at the time
points (p˂ .05); however, there was no significantly difference
between groups. The QOL level was higher in IG than CG only at
control measurements (p˂ .05). In addition, QOL level of the parents
decreased in both groups (p˂ .05). There was no statistically differ-
ence between groups in terms of other clinical variables. The multi-
modal supervised exercise program has positive effects on children’s
pain and QOL level. Exercise program was also well tolerated by chil-
dren during hospitalization. In addition, QOL levels of the parents
were also negatively affected during hospitalization, and interven-
tions aiming to increase QOL level of the parents should
be considered.
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Introduction

Hematopoietic stem cell transplantation (HSCT) has been frequently performed for the
treatment of hematopoietic and immune system disorders and some kinds of cancers.1

With the improvement of HSCT treatment options, survival rate has increased rapidly
in recent years. The survival rate for patients treated with HSCT has reached 80% in
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some conditions.2 As a result, side effects of this treatment and patients’ perception of
quality of life (QOL) have become more important.
In spite of the improvement in treatment approaches, HSCT is still considered as an

aggressive therapy which results with functional, psychological, and social impair-
ments.3–6 During the inpatient period, patients suffer from several side effects including
pain, fatigue, fever, vomiting, diarrhea, and constipation. Besides these common symp-
toms, graft-versus-host disease, long hospitalization period, and organ toxicities led to
reduce in physical function and increase in fatigue complaint, and as a result decrease
in patients’ QOL level.7,8 In addition, there are various studies reported reduction in
psychological status and QOL level when compared with the pretransplantation level in
adult and pediatric HSCT patients.9,10

With the increasing numbers of survivors, requirement is increasing for the treatment
options, which help patients to overcome side effects and to increase their QOL. In a
study investigating effects of supervised exercise program during HSCT, positive effects
of exercise program were found on patients’ global distress, fatigue, anger, and hostil-
ity.11 According to results of a review regarding this topic, exercise seems as a beneficial
intervention to decrease treatment-related complications and to contribute patients’
QOL level.9

When compared with adult patients, there are fewer publications which investigate
effectiveness of exercise training for children undergoing HSCT.12–15 In these studies,
exercise programs had beneficial effects on physical functions and QOL during and after
HSCT.12–14 According to a recent review, more evidence is needed to draw more precise
results regarding rehabilitation of pediatric HSCT patients.16 In our previous study,
individual supervised exercise program during hospitalization and after discharge con-
tinued with home exercise program had positive effects on physical capacity, functional
mobility, and muscle strength of the children undergoing HSCT.15 In the present study,
we will further examine effects of multimodal exercise program on clinical status, emo-
tional status, and QOL level in pediatric HSCT patients. In addition, we aimed to ana-
lyze QOL level of caregivers during HSCT period.

Material and methods

This prospective study was conducted in Ankara/Turkey. In the present study, a super-
vised multimodal exercise intervention was performed and results were compared with
a control group. Totally, 26 children who underwent HSCT in Hacettepe University
Ihsan Do�gramacı Children Hospital and Ankara Children Health and Diseases
Hematology Oncology Education and Research Hospital were participated.
Transplantation process was established by the same clinical director in both hospitals;
thus protocols were shared between both transplant units. Inclusion criteria were the
following: children between 3 and 17 years of age, who can cooperate and were admitted
to the hospital for HSCT. Exclusion criteria were the following: serious impairment of
cardiovascular, pulmonary, cognitive, emotional, neurologic, or locomotor systems.
Eligible children were divided into two groups as intervention group (IG, n¼ 15) and
control group (CG, n¼ 11). There were no routine physiotherapy and exercise pro-
grams in both transplant units. A structured, individual, and supervised multimodal
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exercise program was conducted for IG, and being active and moving as much as pos-
sible was recommended for CG. CG received oral information by the physiotherapist
regarding being active. They advised to move and/or walk as much as possible during
inpatient period and activities such as walking or cycling were advised after discharge.
Children were assessed everyday during inpatient period in terms of clinical status and
they were assessed at three different time points: at baseline (the first three days of hos-
pitalization – t1), at discharge (the last two days of hospitalization – t2), and one month
later from discharge (t3). Approval of the Ethical Committee of Hacettepe University
was obtained. Before entering the assessment, informed consent was signed by each
child or their parents.

Outcome variables

Clinical status
Children’s clinical status was recorded every day during the inpatient period. The hema-
tologic parameters (hemoglobin level, thrombocyte level, neutrophil count) of the
patients were analyzed routinely during HSCT period. The presence of anemia,
thrombocytopenia, neutropenia, total parenteral nutrition support was recorded every-
day from patients’ hospital records. The presence of nausea, vomiting, diarrhea, consti-
pation, pain, and fatigue was analyzed by questioning patients and parents (Yes/No)
and the total number of days which patients suffering from these symptoms was noted.

Depression
To assess depressive symptoms of the children, the Children’s Depression Inventory was
used. This inventory consists of 27 items, self-rated, and symptom-oriented. Each item
is scored between 0 and 2 points. The total score is between 0 and 54 points and higher
scores indicate higher depression level. The Turkish reliability and validity of this inven-
tory were performed.17,18

Pain and fatigue. The Wong-Baker FACES Pain Rating Scale was used to assess child-
ren’s pain and fatigue level. This scale is scored between 0 and 10 points. With this
scale, children were asked to point out their pain and fatigue by showing visual expres-
sions.19 Intensity of pain and fatigue was assessed daily during inpatient period and
these symptoms were also evaluated to detect differences between groups at baseline, at
discharge, and one month later from discharge.

Quality of life level of the children. The Pediatric Quality of Life Inventory (PedsQL)
Cancer Module was used to assess QOL level of the children.20 This inventory has two
report forms. One is for children to report their self-QOL and another one is adminis-
tered to the parents and asks parents to report their children’s QOL level. The PedsQL
Cancer Module includes 27 items, which is scored between 0 and 100 points, and higher
scores indicate better QOL. PedsQL Cancer Module includes different modules accord-
ing to age groups: 2–4 years, 5–7 years, 8–12 years, and 13–18 years. The Turkish reli-
ability and validity of the PedsQL Cancer Module were performed.21,22
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Quality of life level of the parents. The Nottingham Health Profile was used to assess
QOL level of the caregivers. This questionnaire includes 38 items, which are answered
as “Yes” or “No.”23 The Nottingham Health Profile is scored between 0 and 100 points
and lower scores represent higher QOL. The Turkish validation of this questionnaire
was performed by Kucukdeveci et al.24

Exercise program

The individual and structured exercise program including strengthening, endurance,
stretching, and relaxation exercises was performed by the same physiotherapist during
every weekday throughout hospitalization. According to the hematologic status, clinical
status, and vital signs of the children, exercise program was modified day by day. In
some days, children were not allowed to do exercise. The reasons that children were
not allowed to do exercise were severe thrombocytopenia (<20.000 mm3) severe anemia
(<7 gr/dl), fever (>38.5�C), severe nausea, and vomiting. We used the Borg rating of
perceived exertion scale for estimating the intensity of the exercise program. Exercise
intensity was light to moderate intensity according to the Borg rating of perceived exer-
tion (10–13 points). The exercise program was taught to children and their parents and
they were advised to continue exercises in weekends. At discharge, home exercise pro-
gram was generated by physiotherapist and children and their parents were advised to
continue exercise program at home.
Strengthening exercises for upper extremity (shoulder flexion–abduction–adduction–

extension, elbow flexion–extension), lower extremity (hip flexion–abduction–adduction–
extension, knee flexion–extension, dorsi- and plantar flexion), and trunk (trunk flexion
and extension) were performed. Children’s own weights were generally used during
strengthening exercises. Yellow or red Therabands were used for children who can tolerate.
Each exercise was performed as one or two sets with 10–15 repetitions. Endurance exer-
cises were consisted of brisk walking and go up and down on a step board. Brisk walking
was conducted inside the hospital room for 5–10minutes. Step up and down exercise was
implemented as 15–20 times in 2–3 sets and if necessary breaks were given between the
sets. In order to make exercises more fun, the games with ball and jumping activities were
implemented. Stretching exercises for gross muscle groups were implemented 1–2 sets and
10–15 repetitions. The exercises were performed at the prolonged position of the muscles,
waiting for 10–15 seconds, and totally 10–15minutes. In addition to these exercises, relax-
ation methods and exercises were performed 1–2 times a week for 10–15minutes by
physiotherapist. These exercises were consisted of breathing control, relaxation positions,
and relaxation exercises. The difference between contraction and relaxation was taught to
children during these methods and relaxation status was tried to be provided.

Data analysis

Statistical Package for Social Sciences 15.0 software (SPSS Inc., Chicago, IL) was used
for statistical analyses. The number of participants was determined by calculation of
power analysis with 80% power with 0.05 level of significance and planned to include at
least eleven children for each group, respectively. The Kolmogorov–Smirnov test was
used to determine normality of distribution. In order to evaluate the effect of time in
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both groups, Friedman test was used and to compare groups at the time points,
Mann–Whitney U-test was used. The Bonferroni correction was performed to decrease
Type I error for post hoc analysis. Wilcoxon test was used to compare before HSCT
and at the discharge measurements of the QOL level of caregivers. The level of signifi-
cance was 0.05 for all statistical analyses and results were expressed as % or mean ± SD.

Results

Twenty-six children (IG:15, CG:11) whose mean age was 9.5 ± 3.08 years in IG and
6.72 ± 2.96 years in CG were included in the present study (p> .05). Baseline body mass
index (IG: 16.87 ± 2.51/CG:15.81 ± 2.50) was similar between the groups. Children were
diagnosed with thalassemia major (n¼ 5), leukemia (n¼ 4), aplastic anemia (n¼ 2),
immune deficiency (n¼ 2), and other (n¼ 2) in IG; and leukemia (n¼ 4), aplastic
anemia (n¼ 3), and other (n¼ 4) in CG. The transplantation types of the children were
allogeneic (IG: 15, CG: 8) and autologous (CG: 3). The preparative regiments of HSCT
were myeloablative (IG: 11, CG: 8) and reduced intensity (IG: 4, CG: 3). Busulfan and
cyclophosphamide ±melphalan were used in myeloablative regimens; fludarabine, cyclo-
phosphamide, and antithymocyte globulin were used in reduced intensity regimens.
After HSCT, graft-versus-host disease was occurred in one child in IG and in two chil-
dren in CG. Total score of the depression, pain, fatigue, and QOL was similar in both
groups at the baseline. The mean participation rate to the exercise sessions was 72.86%
in IG. During t3 measurements, children and/or their parents were verbally asked
whether children continue exercise program at home. Only two children in IG reported
to regularly continue exercise program at home.
Clinical status of the children during hospitalization period (mean 39 days) is pre-

sented in Table 1. During hospitalization period, only the mean number of painful day
and the mean pain level were statistically higher in CG than in IG (p˂ .05). Groups
were similar in terms of other variables of clinical status during hospitalization period.
Depression, pain, and fatigue level of the children before HSCT, at the discharge and

one month later, are shown in Table 2. Depression level decreased in IG, and according

Table 1. Clinical status of the children during hospitalization.

Outcomes, number of days

IG (n¼ 15) CG (n¼ 11)

p valueM SD M SD

Hospitalization, days 38.92 8.82 41.16 10.20 0.765
Anemia, days 28.75 9.96 28.85 14.91 0.482
Thrombocytopenia, days 26.58 9.64 28.14 15.79 0.902
Neutropenia, days 23.41 9.5 24.00 17.15 0.592
TPN, days 3.20 2.25 5.50 1.37 0.073
Nausea, days 6.46 4.44 7.40 7.01 0.976
Vomiting, days 4.15 2.93 5.70 2.86 0.208
Diarrhea, days 2.61 2.29 4.20 3.82 0.605
Constipation, days 2.15 2.93 0.90 2.02 0.284
Painful, days 2.53 3.55 8.22 5.84 0.021�
Pain level (0–10) 1.19 1.77 3.47 2.04 0.025�
Fatigue, days 11.23 9.77 11.77 10.59 0.794
Fatigue level (0–10) 5.59 5.51 4.31 2.06 0.140

TPN: Total Parenteral Nutrition, IG: Intervention Group, CG: Control Group, M: Mean, SD: Standard Deviation. Mann-
Whitney U test.�p ˂ .05.
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to the post hoc tests, this was statistically significant between at baseline and at control
measurements (t1–t3, p¼ .011). However, according to the group comparisons, IG and
CG were similar in terms of depression level. According to pain assessments, there was
no statistically significant difference between groups at all time points (Table 2). When
we look at the fatigue level of the children, there was slightly significant difference at t3
and IG had lower fatigue level than CG. On the other hand, there was low level of
fatigue in both groups at all time points (Table 2).
The QOL level of the children at baseline, at the discharge, and one month later is

shown in Table 3. In IG, according to the PedsQL-Child Self Report form, significant
improvement in total QOL score was found and according to the post hoc analysis, a
statistically significant increase was found between at baseline and one month later
measurements (t1–t3; p¼ .008). In CG, a significant decrease was noted according to
the PedsQL-Parent Report form and a significant reduction was found between t1 and
t2 measurements according to the post hoc analyses (p¼ .013). When compared with
the groups, IG had significantly higher QOL level than CG according to the total
scores of both the PedsQL-Child Self Report and Parent Report forms at the control
measurements (p¼ .045, p¼ .036, respectively). In addition, IG had significantly
higher QOL level especially in terms of nausea at discharge and one month later (p ˂
.05). And, “communication” subtest of PedsQL improved in IG at the discharge when
compared with baseline (p ˂ .05). Procedural and treatment anxiety level reduced in
the both groups at the control measurements (p ˂ .05). Finally, “perceived physical
appearance” subtest of PedsQL reduced in CG when compared with baseline (p ˂ .05)
(Table 3).
The QOL level of the caregivers is shown in Table 4. There was a significant decrease

in terms of total QOL level in CG (p˂ .05), while significant improvements were found
in IG in terms of physical abilities and emotional reactions (p˂ .05). There was no stat-
istically significant difference between two groups (p>.05).

Discussion

In the present study, multimodal exercise program had positive effects on clinical status,
depression, and QOL level of the children undergoing HSCT when compared with the

Table 2. Depression, pain and fatigue level of the children at baseline, at discharge and one
month later.

Outcomes Groups

Baseline At the discharge One month later

p valueM SD M SD M SD

CDI Score IG 6.25 2.63 4.63 2.33 3.87 3.13 0.009�
CG 11.20 6.41 9.00 2.91 6.80 3.96 0.074
p 0.771 0.085 0.222

Pain level (0–10) IG 0.71 1.48 0.00 0.00 0.00 0.00 0.135
CG 0.00 0.00 0.22 0.66 0.00 0.00 0.368
p 0.373 0.748 1.00

Fatigue level (0–10) IG 1.21 2.15 0.20 0.63 0.00 0.00 0.223
CG 1.78 2.90 1.33 2.00 1.77 1.85 0.584
p 0.900 0.468 0.059

CDI: Children’s Depression Inventory, IG: Intervention group, CG. Control group, M: Mean, SD: Standard Deviation.
Friedman test, Mann-Whitney U test.�p ˂ .05.
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controls. This study also showed that the QOL level of the caregivers negatively affected
during transplantation process. In addition, while supervised and multimodal exercise
program was feasible and reliable, and participation rate to the exercise sessions was
considerably high during inpatient period, home exercise program for children under-
going HSCT was not feasible after discharge from hospital.
Dimeo et al showed that aerobic exercise which performed on cycle ergometer during

hospitalization had positive effects on adult patients’ clinical status who underwent
autologous HSCT. The duration of neutropenia, thrombocytopenia, and hospitalization;
and severity of diarrhea and pain reduced in IG. It was also indicated that aerobic exer-
cise can be safely performed daily for 30minutes during hospitalization.25 In another
study, which conducted on children undergoing HSCT, there was no statistically signifi-
cant effect of exercise on duration of neutropenia and hospitalization, and necessity of
thrombocyte or erythrocyte transfusion.13 In the present study, pain level was higher
during hospitalization than at the all three time points: at baseline, at discharge, and
one month later. Multimodal exercise program had positive effect on severity and dur-
ation of pain during hospitalization period when compared to CG in this study. We
suggest that our exercise protocol, especially relaxation exercises during inpatient
period, may help children to overcome complaint of pain. To our knowledge, relaxation
exercises have not studied before in children undergoing HSCT. According to our
results, these exercises are feasible and reliable for this population. On the other hand,
in some cases especially in young children, relaxation exercises could not be effectively
performed because of difficulty to understand. Not only relaxation training, but also
other exercises including strengthening, endurance, and stretching were feasible for this
population and multimodal exercise can be safely performed during hospitalization. In
the literature, generally a single method was performed in exercise program.13,14 We
suggest that multimodal exercise program can be useful in clinical practice, due to the
variety of symptoms of patients undergoing HSCT. Moreover, there was no side effect
of the exercise program for children during exercise sessions. In the future studies,
superiorities of these exercises over each other can be investigated and children were
followed up for long period up to 100 days after HSCT.

Table 4. Quality of life scores in the caregivers of the children at baseline and at discharge.

Nottingham Health Profile Groups

Baseline At the discharge

p valueM SD M SD

Total Score IG 172.33 105.90 201.57 146.68 0.214
CG 170.73 116.76 225.32 106.44 0.017�

Energy level IG 44.57 44.91 40.35 42.67 0.581
CG 37.52 37.39 53.04 36.09 0.141

Pain IG 27.11 31.44 30.58 40.58 0.917
CG 16.04 30.23 20.06 30.64 0.144

Physical abilities IG 22.28 13.57 31.71 26.03 0.033�
CG 15.32 22.54 27.90 22.58 0.204

Sleep IG 35.50 29.82 39.92 21.92 0.465
CG 38.91 28.98 50.83 24.99 0.173

Emotional reaction IG 27.46 32.19 41.02 28.75 0.021�
CG 41.46 31.65 52.30 29.52 0.091

Social isolation IG 16.34 28.82 17.97 18.64 0.340
CG 21.46 27.31 21.17 24.90 0.414

IG: Intervention group, CG: Control group, M: Mean, SD: Standard Deviation. Wilcoxon test.�p ˂ .05.
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In studies conducted on adult HSCT patients, positive effects of exercise program
were found on depression and anxiety level.26,27 This was also supported as a result of
our work in the IG. These results may be attributed to increase in physical activity and
can change emotional reactions and self-esteem. Moreover, relaxation exercises may
contribute to the improvement of the emotional state of the children in the present
study. There are rare data regarding the effects of exercise on fatigue level in children
undergoing HSCT. Rosenhagen et al. found that exercise program performed totally
10.9 ± 3.6 sessions had led to decrease in children’s fatigue level during inpatient period
in children undergoing peripheral blood HSCT. In addition, exercise program was
found feasible and reliable in children during hospitalization.14 In the present study,
there was no significant effect of the exercise program on fatigue level in children. It
was suggested that this may be associated with the difficulty in assessment of fatigue per-
ception in children. Some problems in clinical practice with assessment of children’s fatigue
level were observed in this study; particularly, the assessment of fatigue level with visual
expressions was not very understandable by the children. There is great need to develop
methods for assessment of fatigue level in all age groups of Turkish children.
In a systematic review, it was indicated that children undergoing HSCT got tired

more quickly during daily activities, and their QOL was affected negatively. They also
emphasized that gaining exercise habit during treatment protocols positively affects
QOL level of children with leukemia.28 Increase in QOL level was also reported as a
result of exercise program consisted of aerobic exercise, running, walking, jumping, ball,
and group games, which performed three times a week throughout 8weeks in children
who had undergone HSCT in the last 12months.12

During assessing QOL level of children, it was proposed that both children and their
parents should be asked in self-reported questionnaires. For this reason, the PedsQL 3.0
Cancer Module was selected in the present study and both children and their parents were
questioned about children’s QOL. According to the results, while HSCT process negatively
affects QOL level of the children in CG, positive effects of exercise were shown on QOL level
especially in terms of nausea, communication, and anxiety. When the groups were com-
pared, the positive effect of exercise was shown only at the control measurements. Children
have lots of side effects related to treatments during hospitalization period, especially infec-
tion, mucositis, and gastrointestinal complications. Because of these problems, positive
effects of exercise on QOL may not be reached statistically significant level during inpatient
period. After discharge, QOL level improved in IG and we suggest that positive effects of
exercise continued up to one month later from discharge when compared with CG.
In a study, QOL level of caregivers decreased in terms of physical function, general

health, vitality, and social functions before and after HSCT process.29 In the present
study, the total QOL scores decreased in CG, while there was no difference in IG
throughout HSCT process. We observed that caregivers of the children had a lot of
responsibilities and also they worried about treatment and related complications and
these problems may negatively affect their QOL. We suggest that positive effects of
exercise program on children’s problems may indirectly affect their caregiver and as a
result, their perception of QOL was not deteriorated. In the future studies, the imple-
mentation of exercise or stress management trainings for caregivers should
be emphasized.
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This study had some limitations. First of all, because of small number of children
undergoing HSCT, the study sample was limited. In addition, because of some restric-
tions in HSCT service, exercises were performed in small hospital rooms. According to
our observation and experience, this affected children’s compliance to the exercise ses-
sions and they got easily bored from the exercises. To increase participation to the exer-
cise sessions, physiotherapist motivated children and their caregivers to continue
exercise program. On the other hand, CG was not detailed followed up in terms of their
physical activity level throughout HSCT and excluding social bias. In addition, compli-
ance to the home exercise program was low in the present study. Because of fear of
infection and isolation procedures after discharge, children could not often seen by the
physiotherapist. In future studies, children may be followed more tightly to increase
participation rate to exercises.
As a conclusion, when compared with controls, exercise program has positive effects

on clinical status, depression, and QOL level of children undergoing HSCT. We suggest
that multimodal supervised exercise program is an effective and useful method to
increase feasibility. In addition, children should be tightly followed to increase participa-
tion to the home exercise programs. When considering caregivers, their QOL was nega-
tively affected during hospitalization period, and we suggest that they need some
interventions during HSCT process.
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