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Abstract

Background: Children undergoing umbilical cord blood transplantation (UCBT) have many treat-related severe side effects,

which affects their quality of life (QoL) seriously. Exercise can help mitigate fatigue, improve sleep quality and QoL, however, the

effects on children undergoing UCBT is limited. Procedure: Forty-eight children patients submitted to UCBT were divided into

two groups by convenience sampling. The exercise therapy group performed abdominal breathing training combined with active

joint movement program 3 days a week during hospitalization. The control group received routine exercise education without any

scheduled programs. The fatigue, sleep quality, and QoL were evaluated at the date of hospital admission and discharge, and the

differences between two groups were estimated using Student t test. Results: The exercise therapy group showed higher scores

of general fatigue, rest fatigue, cognitive fatigue and the Pediatric Quality of Life Inventory (PedsQL) Multidimensional Fatigue

Scale (MFS) total score, but no significant differences were found between two groups (p¿0.05). There was an improvement in

the sleep quality, verified by a reduction in the global score, subjective sleep quality, sleep latency, sleep efficiency, and daytime

dysfunction (p¡0.05), analysis of the PedsQL 3.0 Cancer Module also revealed an improvement in procedure anxiety, worry,

cognition, appearance, communication and total score in the exercise therapy group (p¡0.05). Conclusion: Our prospective

study demonstrates that exercise therapy is safe and feasible for children undergoing UCBT, and it has beneficial effects on

sleep quality and QoL.
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Abstract

Background: Children undergoing umbilical cord blood transplantation (UCBT) have many treat-related
severe side effects, which affects their quality of life (QoL) seriously. Exercise can help mitigate fatigue,
improve sleep quality and QoL, however, the effects on children undergoing UCBT is limited.

Procedure: Forty-eight children patients submitted to UCBT were divided into two groups by convenience
sampling. The exercise therapy group performed abdominal breathing training combined with active joint
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. movement program 3 days a week during hospitalization. The control group received routine exercise edu-
cation without any scheduled programs. The fatigue, sleep quality, and QoL were evaluated at the date of
hospital admission and discharge, and the differences between two groups were estimated using Student t
test.

Results: The exercise therapy group showed higher scores of general fatigue, rest fatigue, cognitive fatigue
and the Pediatric Quality of Life Inventory (PedsQL) Multidimensional Fatigue Scale (MFS) total score, but
no significant differences were found between two groups (p ¿0.05). There was an improvement in the sleep
quality, verified by a reduction in the global score, subjective sleep quality, sleep latency, sleep efficiency,
and daytime dysfunction (p ¡0.05), analysis of the PedsQL 3.0 Cancer Module also revealed an improvement
in procedure anxiety, worry, cognition, appearance, communication and total score in the exercise therapy
group (p ¡0.05). Conclusion: Our prospective study demonstrates that exercise therapy is safe and feasible
for children undergoing UCBT, and it has beneficial effects on sleep quality and QoL.

KEYWORDS

Exercise Therapy; Undergoing Umbilical Cord Blood Transplantation; Fatigue; Sleep Quality; Quality of
Life

1 INTRODUCTION

Umbilical cord blood transplantation (UCBT) has been a valuable alternative stem cell sources for treating
malignant and nonmalignant hematopoietic disorders, especially for patients who lack a matched family
donor. 1 With improving survival rates, there has been an increase in the number of pediatric patients
performed UCBT. However, due to the disease itself and the side effects of UCBT treatment, children
often suffer from slower immune recovery, high infection and bleeding rates,and a lower incidence of graft-
versus-host disease (GVHD), 1,2 in addition, the development of pain, fatigue, anxiety, depression, and sleep
disruption are symptoms that directly affect the physical fitness and overall quality of life (QoL). 3

Exercise interventions not only help to promote physical performance, but also be an effective strategy
to improve psychological well-being in patients with hematologic malignancies. 4–7 In adult hematopoietic
stem cell transplantation (HSCT) recipients, physical exercise may positively influence their muscle strength,
fatigue, and global QoL. 8-9 In addition, two systematic review revealed that exercise can improve cancer-
related sleep disturbance, and sleep outcomes in cancer patients with poor sleep quality.10-11

The positive effects of exercise conducted on adult HSCT were well known, However, the effects of exercise
interventions for childhood cancer participants are not yet convincing. 12 In addition, a meta-analysis
performed on children and adolescents patients submitted to HSCT showed that the heterogeneity between
studies was high, the sample size was small and the methodological rigor was low.4 Therefore, the influences
of exercise in children with cancer, the optimal physical exercise program for children undergoing HSCT is
still needed to clarify.

During the treatment of UCBT, especially after conditioning regimen, the platelet count of patients is always
below 20,000/μ L, to avoid exercise-induced bleeding, the recommended physical exercises for patients with
thrombocytopenia is low intensity activities without resistance.13 Hence, the present prospective study was
the first time to compare an abdominal breathing training combined with active joint movement program
with routine exercise education in children UCBT recipients. The objective of our study was to investigate
the feasibility of exercise therapy in the setting of UCBT and the effects on fatigue, sleep quality, and QoL.

2 METHOD

2.1 Study design and setting

The study was a prospective, not-randomized study to assess changes in fatigue, sleep quality, and QoL
in children patients undergoing UCBT. In all, 48 patients receiving UCBT were screened by convenience
sampling. Enrollment occurred within 3 days after admission,and the demographic data were captured at
the same time. All questionnaires were completed at the date of hospital admission (T1) and discharge(T2)

2
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. by the patients independently and without supervision. The study was approved by the ethical commission
of the first affiliated hospital of university of science and technology of China. All participants gave written
informed consent.

2.2 Subjects and intervention

Children with malignant hematopoietic diseases were considered eligible for the study. Inclusion criteria were
8 to 17 years of age, able to read and speak Chinese, with normal cognitive function, and the ability to provide
informed consent. Exclusion criteria were uncontrolled cardiovascular, orthopedic, or neurological deficits
that can’t afford the performance tests. Exit criteria were failure of cord blood stem cell implantation
or presence of serious complications (such as uncontrolled infection, III-IV hemorrhagic cystitis or acute
GVHD).

Participants in the control group receiving routine exercise education without any scheduled exercise pro-
grams performed during hospitalization. Participants in the exercise therapy group started exercising from
the admission to discharge in individual sessions and under the supervision of a physiotherapist. Exercise
therapy was performed for 5-6 weeks, on 3 days a week. The mean training time was 15-20 minutes a day,
included abdominal breathing training, neck movements, shoulder flexion, abduction, adduction, and exten-
sion, elbow flexion and extension, wrist flexion and extension, knuckle flexion and extension, hip flexion and
extension, straight-leg raising, knee flexion and extension, ankle dorsiflexion and plantar flexion, and trunk
bridge-style movement. If the participants showed signs of infection (body temperature¿38°C), anemia (he-
moglobin <6 g/dL), thrombocytopenia (platelet count <10,000/μ L), or severe pain, nausea and vomiting,
and dizziness, the exercise therapy would postponed, when their symptoms relieved, hemoglobin and platelet
counts reached the standard after transfusion of blood products, the missed exercise therapy made up.

2.3 Assessment

Fatigue

Participants completed the child self-reports of the validated Chinese version of the Pediatric Quality of
Life Inventory (PedsQL) Multidimensional Fatigue Scale (MFS).14 This 18-item self-report questionnaire
including three domains, general fatigue, rest fatigue, and cognitive fatigue. The items were rated using a
5-point Likert scale ranging from 0 to 4, reversed and rescaled to 0–100 scale, with lower scores indicate
more symptoms of fatigue.15 The Cronbach’s alpha of Chinese version of PedsQL MFS varied from 0.92 to
0.93 for the child report.14

Sleep quality

Participants completed the Chinese version of the Pittsburgh Sleep Quality Index (PSQI). 16 The PSQI
including seven domains, and then these are combined to assess the global sleep quality. The total global
PSQI score is ranging from 0 to 21, the lower global score the better sleep quality, and the global score
greater than 5 indicates poor sleep quality.17 The Cronbach’s alpha of the Chinese version of PSQI varied
from 0.82 to 0.83. 16

Quality of life

Participants completed the child self-reports of the validated Chinese version of the PedsQL 3.0 Cancer
Module.18 The PedsQL 3.0 Cancer Module is a 27-item measure consists of eight subscales including pain,
nausea and vomiting, and so on. The items were rated using a 5-point Likert scale ranging from 0 to 4,
reversed and transformed into 0 to 100 scale, a mean score is obtained by averaging the 27 items, with higher
scores indicate better QoL.15 The Cronbach’s alpha of Chinese version of PedsQL 3.0 Cancer Module varied
from 0.84 to 0.99 for the child report.18

2.4 Data analysis

Statistical Package for SPSS version 16.0 (SPSS, Chicago, IL, USA) was carried out to analyze data, and
all the data were checked for normal distribution and homogeneity of variance before analysis. For baseline

3



P
os

te
d

on
A

u
th

or
ea

30
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

40
55

76
.6

10
81

86
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. comparisons, the metric data were explored with Student t test, the ordinal data were compared by Mann–
Whitney test, and categorical data were examined by chi-square test. For patient-rated outcomes, the
differences and their significance at 2 fixed time points between two groups were estimated using Student t
test. When p ¡0.05 the results of comparative were considered as statistically significant.

3 RESULTS

Of the 48 patients who met the inclusion criteria and agreed to participate, 4 patients (2 in each group)
withdraw from the study because the presence of serious complications (III-IV acute GVHD). The patient
characteristics of both two groups are shown in Table 1. 44 patients whose mean age were 10.76±2.53 years
in control group and 11.04±2.58 years in exercise therapy group (p ¿0.05). The mean adherence to exercise
therapy was 72.22%, and there was no exercise-induced bleeding during hospitalization.

The results of the PedsQL MFS are presented in Table 2. The scores of PedsQL MFS scale were dropped in
both two groups after UCBT, except for the cognitive fatigue in the exercise therapy group. There was no
significant differences between two groups at T2, however, the scores of general fatigue, rest fatigue, cognitive
fatigue, and PedsQL MFS total scale were higher in the exercise therapy group (p ¿0.05).

The results of PSQI are presented in Table 3. All the children had poorer sleep quality after UCBT in both
groups, with the global sleep quality score¿5. However, the exercise therapy group had an improvement in
the sleep quality, verified by a reduction in the global score, subjective sleep quality, sleep latency, sleep
efficiency, and daytime dysfunction (p ¡0.05).

The results of the PedsQL 3.0 Cancer Module are presented in Table 4. The exercise therapy group reached
better results for procedure anxiety, worry, cognition, appearance, communication and total score than the
control group at T2 (p ¡0.05).

4 DISCUSSION

HSCT is associated with numerous transplant-related side effects, which may have a profound impact on
a patient’s physical functioning and overall QoL during hospitalization, especially for UCBT. However,
most previous studies have reported that physical exercise training can mitigated the loss of condition after
HSCT.4-9Currently, the Clinical Oncology Society of Australia has recommended that exercise should be
integrated into cancer care as part of standard practice.19 In this first prospective study conducted in the
setting of UCBT, our results indicate that exercise therapy can improve sleep quality and QoL of the children
who undergo UCBT.

In the present study, the fatigue of both groups was intensified after UCBT, except for the cognitive fatigue
in exercise therapy group. The scores of PedsQL MFS scale were higher in the exercise therapy group at T2,
however, there was no significant differences between two groups. Our observations were in agreement with
other reports. 20-22 The supervised high intensity exercise program was not effective at improving physical
fitness and fatigue when compared with the controls.20Physical activity had positive effects on the severity
of fatigue in patients with cancer and HSCT recipients, 21 however, no effects for exercise on fatigue was
found in after HSCT subgroup was reported. 22

HSCT recipients often accompanied with inadequate and irregular sleep during hospitalization, 23 and dimin-
ished sleep quality can exacerbate other QoL concerns. 24 In our study, all patients had poorer sleep quality
after UCBT in both groups, with the global sleep quality score¿5. Especially the mean sleep quality scores of
the control group at T2 were poorer than other types of allogeneic HSCT, 24 at which point UCBT recipients
were experiencing more treatment-related toxicities and complications. However, Exercise positively impacts
sleep quality and quantity,25 participants in the exercise therapy reported less sleep disturbance, verified by
a reduction in the global sleep quality score, subjective sleep quality, sleep latency, sleep efficiency, and
daytime dysfunction in our results.

As assessing QoL level of children, higher scores of PedsQL 3.0 Cancer Module were achieved using the
exercise therapy when compared to routine exercise education. Exercise during pediatric HSCT contributes

4
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. to prevention of treatment-related loss of physical function,26 and exercise program under supervision has
beneficial effects on children’s QoL level. 27 We suggest that exercise therapy can be effective in clinical
practice, since patients undergoing UCBT are accompanied by variety of symptoms. In addition, we believe
that exercise therapy for children may help to reduce the feeling of social isolation and loneliness. Therefore,
it is recommended to communicate with children and accompany them more.

The strengths of our study are the prospective trial, a controlled study, and the inclusion of only UCBT
recipients. The limitations of this study comprise a small sample size, the use of a convenience sample, not
a randomized study, and without a follow-up after discharge. Thus, there might have biased in our results,
a larger multicenter randomized study with a longer follow-up is needed to confirm. However, to the best
of our knowledge, this is the first study to explore the feasibility of exercise therapy for children undergoing
UCBT.

In conclusion, this prospective study demonstrates that an abdominal breathing training combined with
active joint movement program is well tolerated. An inpatient, supervised, and personalized exercise program
can be effective in the setting of UCBT. We are convinced that exercise therapy has beneficial effects on
sleep quality and QoL for children submitted to UCBT.
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