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Purpose: This study investigated the effects of healthy lifestyle interventions (HLSIs)
on health-related quality of life (HR-QoL) in childhood and adolescent cancer
survivors (CACS). Methods: Major databases were searched for English-language
original articles published between January 1, 2000 and May 2, 2021. Randomized
controlled trials (RCTs) and non-RCTs were included. Quality was assessed using the
revised Cochrane risk-of-bias tool, and a meta-analysis was conducted using RevMan
5.3 software. Results: Nineteen studies were included. Significant effects on HR-QoL
were found for interventions using a multi-modal approach (exercise and education)
(d=-0.46; 95% confidence interval [CI]=-0.84 to -0.07, p=.02), lasting not less than 6
months (d=-0.72; 95% CI=-1.15 to -0.29, p=.0010), and using a group approach (d=-0.46;
95% CI=-0.85 to -0.06, p=.02). Self-efficacy showed significant effects when HLSIs
provided health education only (d=-0.55; 95% CI=-0.92 to -0.18; p=.003), lasted for less
than 6 months (d=-0.40; 95% CI=-0.69 to -0.11, p=.006), and were conducted indi-
vidually (d=-0.55; 95% CI=-0.92 to -0.18, p=.003). The physical outcomes (physical
activity, fatigue, exercise capacity-VO,, exercise capacity-upper body, body mass
index) revealed no statistical significance. Conclusion: Areas of HLSIs for CACS
requiring further study were identified, and needs and directions of research for
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holistic health management were suggested.
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INTRODUCTION

Over the past 40 years, the incidence of childhood and ado-
lescent cancer has been steadily increasing worldwide [1].
Although advances in treatments and supportive care have
led to a 5-year survival rate of over 80%, particularly in devel-
oped countries, the number of childhood and adolescent can-
cer survivors (CACS) is expected to increase further in the
coming decades [2].

With improved survival, CACS are unfortunately at risk for
amyriad of late effects [3]. Late effects occur because the treat-
ment needed to cure the primary cancer can lead to chronic
health problems in survivors [4]. After treatment completion,
CACS face a high risk of both physical and psychological
problems, such as endocrine dysfunction, cardiovascular dis-
ease, chronic fatigue, stress, anxiety, and depression, as well
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as subsequent malignant neoplasms [4-6]. These comorbid
conditions can worsen the patient's emotional health and psy-
chosocial adjustment and are associated with lower health-re-
lated quality of life (HR-QoL) among CACS [5-7]. Several pre-
vious systematic reviews and meta-analyses have reported
that these comorbidities are often progressive and strongly in-
fluenced by a healthy lifestyle, including physical activity,
adopting a healthy diet, not smoking, limiting alcohol intake,
and psychosocial adjustment [5,6,8-13]. Therefore, effective
lifestyle interventions to prevent the trajectory of comorbid-
ities and strategies to promote HR-QoL are important health-
care issues that cannot be overlooked.

The World Health Organization (WHO) defines lifestyle as
“identifiable behavioral patterns, determined by the inter-
action between individual personal characteristics, social in-
teractions, and socioeconomic and environmental life con-

[111


http://crossmark.crossref.org/dialog/?doi=10.4094/chnr.2023.29.2.111&domain=pdf&date_stamp=2023-04-30

CHNR

Child Health Nurs Res, Vol.29, No.2, April 2023: 111-127

ditions" [14]. Healthy behaviors established during ado-
lescence help determine one's health status later in life and af-
fect the risk of developing chronic diseases [15]. A healthy life-
style can reduce the risk of preventable health problems and
improve one's HR-QoL [16]. A healthy lifestyle can be defined
as patterns of behavior that help to maintain or improve peo-
ple's health and well-being. The association between healthy
lifestyle factors and HR-QoL is cumulative, underscoring the
importance of promoting multiple healthy lifestyles to en-
hance HR-QoL in long-term survivors of childhood cancer
[16,17]. Furthermore, previous studies have shown relation-
ships between (lack of) exercise, HR-QoL, and fatigue, and
there is a need to improve self-efficacy by connecting CACS
with relevant educational resources [18,19]. However, in the
last 5 years, although several systematic reviews and meta-
analyses related to health outcomes or interventions to im-
prove the health of CACS have been published, they have on-
ly focused on health behaviors such as exercise or diet man-
agement [5,6,8-11,20] or have investigated the effects of inter-
ventions related to emotional coping [12,13].

The concept of a healthy lifestyle does not simply refer to
behavior, but includes multiple aspects of one's overall life-
style [16, 21]. To improve the HR-QoL of CACS, it is necessary
to identify the effect size of comprehensive interventions that
promote a healthy life with various intervention modalities
such as internet/online programs, face-to-face interventions,
and educational games. This study aimed to comprehensively
identify the effects of interventions targeting CACS on each
factor affecting a healthy lifestyle.

METHODS

Ethics statement: The Institutional Review Board (IRB) of Sahmyook
University (No. 2020133HR) reviewed this study. The committee de-
cided that this study was an exempt research study.

1. Study Design

The systematic review and meta-analysis conducted in
this study conformed to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[22]. The protocol for this review has been registered in the
International Prospective Register for Systematic Reviews
(PROSPERO; registration ID: CRD42021227840).

2. Eligibility Criteria

The authors followed the participants, interventions, con-
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trols, outcomes, and studies (PICOS) framework. The target
population for our review was child and adolescent survivors
(after completion of their cancer treatment) with childhood-
onset cancer (<18 years of age), regardless of the type of can-
cer and duration of survivorship. Studies that included pa-
tients who were undergoing active therapy, or with insulffi-
cient data (e.g., mean, standard deviation, and p-values) to
calculate the effect size were excluded from our analysis.

We included randomized controlled trials (RCTs) and
non-RCTs with a comparison group regarding healthy life-
style interventions (HLSIs). To identify intervention effects
regarding the HR-QoL of CACS, a more comprehensive ap-
proach to healthy lifestyle improvement strategies based on
the WHO's health definition was required. The HLSIs in this
review included healthy physical behaviors (e.g., exercise,
good nutrition, and avoidance of alcohol and smoking) and
psychosocial and spiritual interventions to enhance positive
adherence and the HR-QoL of CACS. The modalities included
face-to-face interventions, electronic health (eHealth) inter-
ventions, and mobile health (mHealth) interventions.

3. Search Strategy

Several databases were searched to locate relevant studies:
MEDLINE via PubMed, Embase, PsycINFO, Cochrane Library,
CINAHL, and multiple Korean web-based databases (KCI,
KISS, KMBASE, KoreaMed, NDSL, RISS, and ScienceON). The
search included English-language original articles published
between January 1, 2000 and May 2, 2021. The major search
terms used were as follows: ("Pediatrics" OR "Adolescent" OR
"Child" OR "Childhood") AND ("Neoplasms" OR "Hematologic
Neoplasms" OR "Leukemia" OR "Lymphoma" OR "Hodgkin
Disease") AND ("Survivors" OR "Cancer Survivors") AND
("Healthy Lifestyle" OR "Health Behavior" OR "Psychosocial
Intervention" OR "Internet-Based Intervention" OR "Spiritual
Therapies" OR '"Psychotherapy" OR "Exercise" OR "Diet
Therapy" OR "Health Promotion") AND ("Quality of Life" OR
"Self-Efficacy" OR "Adaptation" OR "Psychosocial Functioning"
OR "Self-Management" OR "Posttraumatic Growth, OR "Aca-
demic Performance").

The electronic search was supplemented with a manual re-
view of reference lists from relevant publications to locate ad-
ditional publications. The "gray" literature (e.g., abstracts,
conference proceedings, editorials, and dissertations) and re-
views were excluded.

4. Study Selection and Data Extraction

The data extraction process employed the PRISMA procedure.
After the search terms and strategies were finalized, the data-
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bases were searched by four authors (KK.A.,, HY.K, Y.L.O,,
and H.J.Y.). Two authors (K K.A. and H.Y.K\) independently
extracted all titles and abstracts, removed duplicates, and
screened them for relevance and suitability according to the
inclusion criteria. After screening, a full-text review was con-
ducted to select final articles for inclusion. Disagreements
were resolved through discussion with two other authors
(SJ.H. and ].Y.C.) and the reasons for excluding studies were
documented. The extracted articles were organized as fol-
lows: study authors, publication year, country of study, study
design, sample size, intervention (name, type, providers, du-
ration, session number, length per session, format [e.g., in-
dividual, group, or mixed]), outcome variables, and measure-
ments. If study outcomes were reported more than once, the
studies in which the effects of specific interventions were con-
firmed with varying study periods and subjects over repeated
studies were included.

5. Quality Assessment of the Studies Included

The quality of each individual study was assessed in-
dependently by two authors (KK.A. and S.J.H.) and verified
by a second reviewer (J.Y.C.). RCTs were assessed using the
revised Cochrane risk-of-bias tool for randomized trials (RoB
2) (revised on August 22, 2019, by the RoB 2 Development
Group) [23]. The five domains of RoB 2 were the random-
ization process, deviations from intended interventions, miss-
ing outcome data, measurement of the outcome, and selection
of the reported result. Respondents selected "yes," "probably
yes," "probably no," 'no," or "no information" for each item. In
addition, the purpose of this meta-analysis was to confirm the

nn

difference in effect between the experimental group and the
control group. Therefore, the quality of selected papers was
evaluated based on the intention-to-treat (ITT) method of ef-
fect confirmation. Non-RCT studies were reviewed using the
Risk of Bias In Non-randomized Studies of Interventions
(ROBINS-I) tool [24]. The risk of bias was evaluated and classi-
fied as low, moderate, serious, or critical for seven domains
(confounding; selection of participants into the study; classi-
fication of intervention; deviations from intended interven-
tions; missing data; measurement of outcomes; and selection
of the reported results) within each study. The overall risk of
bias was judged for each study and classified as low, moder-
ate, serious, or critical using the least favorable assessment of
the seven domains.

6. Statistical Analysis

We performed a meta-analysis using the Cochrane Colla-
boration's Review Manager (RevMan 5.3) [25]. A random-
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effects model was used to compute the mean difference be-
tween pre- and post-intervention data. The level of signifi-
cance was set at p <.05, and all statistical tests were two-sided.
The effect size was calculated as the standardized mean differ-
ence (SMD) with a 95% confidence interval (CI). Outcome
means and standard deviations were used to compute the
SMD (Cohen's d).

A Cohen's d of 0.8 was considered large, 0.5 medium, and
0.2 small [26]. Heterogeneity (apparent diversity in the weight-
ed mean differences across studies) was examined using the
x” distribution using the I* statistic [23]. In addition, a sub-
group analysis was performed in two groups according to in-
tervention type, period, and format (individual or group).
Publication bias was screened using funnel plots, and if the re-
sults were evenly distributed within the triangular shape, it
was interpreted that publication bias had not occurred [27].

RESULTS

1. Study Selection

According to the data selection criteria, a total of 19 studies
were included in the systematic literature review. The study
selection process is shown in Figure 1.

The initial database search identified 2,771 records from
international search engines (CINAHL, 58; Cochrane, 93;
EMBASE, 1,509; PsycINFO, 101; and PubMed, 806) and
Korean databases (DBpia, 25; KCI, 23; KISS, 18; Kmbase, 12;
KoreaMed, 30; ScienceON, 39; and RISS, 57). In addition, nine
records were added by searching the bibliographies of meta-
analyses related to HLSIs, resulting in a total of 2,780 studies.
After the removal of 609 duplicates, the remaining 2,171 re-
cords underwent title and abstract screening: 2,131 were ex-
cluded, and 40 papers were primarily selected. The full texts
of these papers were retrieved, and 21 studies that did not
meet the criteria for selection were excluded. Finally, 19 stud-
ies were identified for the final quality evaluation, and 13
studies were included in the meta-analysis.

2. Study Characteristics

Of the 19 studies, 17 were RCTs and the other two were
non-RCTs (Table 1). The studies included in the review in-
volved 1,446 participants distributed in the United States
[28-35], Australia [36], Spain [37,38], the Netherlands [39,40],
Canada [41], Italy [42], Singapore [43], Hong Kong [44,45],
and Taiwan [46] and the studies were performed between
2000 and 2019. The minimum sample size was 19 and the max-
imum was 266, and participants' mean age ranged from 9 to 29
years old. The cancer types included various childhood can-
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Figure 1. PRISMA flowchart of database search results on healthy lifestyle interventions for childhood
and adolescent cancer survivors. RCT, randomized controlled trials.

cers, including acute lymphoblastic leukemia and brain
tumors. The interventions consisted of exercise programs
[30,31,35-39], educational programs [28,32-34,41,42,47], and
combined exercise and educational programs [29,40,43-45].
Twelve interventions (63.2%) were conducted individually
and seven (36.8%) were in group settings. The duration of the
interventions varied from 1 week to 9 months, and five studies
(26.3%) had interventions lasting longer than 6 months. In 17
out of 19 studies, one or more multi-modal interventions, such
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as exercise with counseling or education, and health inter-
ventions focusing on resilience, were applied. Physical inter-
ventions also combined two or more exercise types, including
aerobic and anaerobic training. Several interventions were
conducted using a mobile app, text messaging, or the phone
instead of face-to-face interactions. The outcomes of the inter-
ventions mainly dealt with physical and psychosocial func-
tion and were measured with various tools and methods.
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Figure 2. Risk of bias graph of quality assessment. D1, randomization process; D2, deviations
from the intended intervention; D3, missing outcome data; D4, measurement of the outcome; D5,

selection of the reported result.

3. Study Quality

Figure 2 shows the results of the risk assessment of bias
across all studies. Of the 17 RCTs included in this review, 10
(58.8%) fulfilled low risk of bias ratings across the five
categories. Overall, no study had a high risk of bias and the re-
sults of all identifiable studies were included in the analysis to
reduce the selection bias.

The two non-RCT studies included in this review were rat-
ed as having a high risk of bias. The study by Poggi et al. [42]
had high bias in the measurement of intervention outcomes,
and the study by Blaauwbroek et al. [39] had very high
(critical) subject selection bias and a moderate bias due to de-
viation from the intended intervention.

4. Estimation of Effect Size

Out of the 19 studies screened for quality assessment, 13
(884 subjects, 12 RCTs and 1 non-RCT) were included in the
meta-analysis, which measured this study's primary (HR-
QoL) and secondary outcomes (physical activity, fatigue, ex-
ercise capacity-VO, peak, upper body, body mass index
[BMI], and self-efficacy) (Figure 3). The included outcomes
were selected only when three or more studies shared com-

118 | Lifestyle interventions for childhood and adolescent cancer survivors

mon measurement variables. Overall, all outcomes showed
moderate effects with statistical significance (Z=3.94, d=-0.54,
p <.001), yet a substantial amount of heterogeneity existed
among the variables (I>=90%).

1) Tier I according to the study objectives: health-related

quality of life

HR-QoL, which was the study's primary outcome (n==8),
showed a moderate effect size with statistical significance
(d=-0.73, 95% CI=-1.25 to -0.21, p=.006), but high hetero-
geneity (I°=89%). To clarify the cause of heterogeneity, sub-
group analyses were conducted (Figure 4) based on inter-
vention type, intervention period, and group or individual
approach. In these subgroup analyses, four studies showed
significant effects (d=-0.46, 95% CI=-0.84 to -0.07, p=.02) when
interventions were administered using a mixed approach (ex-
ercise and education), for not less than 6 months (n=4) (d=
-0.72,95% CI=-1.15 to0 -0.29, p=.001), and as a group approach
(n=4) (d=-0.46, 95% CI=-0.85 to -0.06, p=.02), and there was a
notable decrease in estimated heterogeneity in each analysis
(I* range: 68%-73%).

2) Tier II according to the study objectives: physical and
psychosocial outcomes

www.e-chnr.org
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Health related quality of life
Atkinson et al 2021 [36] -2.86 474 22 -1.88 a.76 hal 2.8% -013[0.73,0.47] I
Chung et al 2015 [43] -5.1 6.09 33 -08 476 36 29% -0.76[1.25,-0.27] B
Devine et al 2020 [29] -201 2042 15 -1.83 g9 22 2T% -0.01 F0.6B, 0.65] T
Fiuza-Luces 2017 [37] -672 35585 24 189 33152 25 27% -1.38 [F2.01,-0.75] I
Howeell et al 2018 [30] -383 1602 53 4161 17498 25 2T% -2.70[-3.34,-2.06] —
Lietal 2013 [44] -07 6.76 34 -01 5 37 24% -040F0A7, 0.37] -
Li etal 2018 [45] -11.2 1248 117 1.7 122 105 3% -0.77 [1.04,-0.45] -
van Dijk etal 2016 [40] -7 1708 30 0 1614 3| 28% -0.10[0.58, 0.38] T
Subtotal {95% Cl) 328 309 22.9% 0.73 [1.25, -0.21] <>

Heterogeneity: Tau®= 0.49; Chi® = 61.93, df= 7 (P = 0.00001); = 89%
Testfor overall effect: Z= 275 (P = 0.00E)

1.1.2 Physical activity

Chung et al 2015 [43] 31 088 33 -06 07 36 26%  -3.10[3.82,-2.39) —_—

Devine et al 2020 [28] 827 2815 15 031 1159 22 27% 0.36 [0.28, 1.04] -
Fiuza-Luces 2017 [37] 12 436 24 -14 529 25 28% 0.41 F0.16, 0.97] T
Huang et al 2014 [31] 11 4387 18 14 3588 18 27% 0.07 [-0.56, 0.71] —_1
Lietal 2013 [44] 04 062 34 -01  0BE 37 2.9% -0.46 [-0.93, 0.01] —

Li etal 2018 [45] 3 158 117 -03 142 105 31%  -1.78[2.09,-1.47] —

Manchola et al 2020 [38] 0.3 02 12 -0.2 04 7ToLI% -0.33 1127, 0.61] —T
Subtotal {95% CI) 254 251 19.2% 0.69 [-1.61, 0.23] -

Heterogeneity: Tau®=1.44; Chi*=115.43, df= 6 (P = 0.00001), F= 95%
Testfor averall effect: Z=1.48 (P =0.14)

1.1.3 Fatigue

Atkinson et al 2021 [36] 639 10,05 22 805 106 hal 2.8% -0.25[-0.85,0.39] -
Blaauwbroek 2004 [39] -18.8 2042 38 121 1842 33 29% -0.89 [-1.38, -0.40] -
Devine et al 2020 [29] 506 2473 15 038 1311 22 27% 0.25[0.41,080 T
Li etal 2018 [45] -7 42 17 -03 4455 105 3% -1.85[-1.85,-1.25] -

van Dijk et al 2016 [40] 4 18892 30 24 1633 38 28% 0.09 [-0.38, 0.57] 1
Subtotal {95% CI) 222 219 14.4% -0.49 [-1.25, 0.26] -

Heterogeneity: Tau®= 0.68; Chi® = 50.07, df= 4 (P = 0.00001); F=92%
Testfor overall effect: Z=1.28 (P =020

1.1.4 Exercise capacity-VO2 peak

Atkingon et al 2021 [36] 664 FES 22 -379 749 21 28% -0.37 [-0.97, 0.23] —T
Devine et al 2020 [28] 241 882 15 081 944 22 27% -0.35 [1.01, 0.31] —
Fiuza-Luces 2017 [37] 2 1213 24 3 1135 15 28% -0.24 [0.81, 0.32] -
Manchola et al 2020 [38] 45 18 12 -18 04 7o14% 410 1[2.37, 5.84]

Subtotal {95% CI) 73 75 9.7% 0.42[-0.63, 1.47] ~al

Heterogeneity: Tau®= 0.94; Chi®=23.99, df= 3 (P < 0.0001), F= 87%
Testfor overall effect: Z=0.78 (P = 0.44)

1.1.5 Exercise capacity-Upper body

Atkingon et al 2021 [36] -8.6 104 22 -384 1182 21 2.8% -0.42F1.03,0.148] T
Devine et al 2020 [29] -4.72 2345 15 -287 2562 2 1T% -0.07 F0.73, 0.54] 1
Fiuza-Luces 2017 [37] -98 3.96 24 27 42 25 25% -3.01 [-3.85,-2.17] -

Hioweell et al 2018 [30] -267 5.83 53 -214 6.46 25 249% -0.09 F0.56, 0.349] T
Subtotal (95% Cl) 114 93 10.9% -0.86 [-1.99, 0.27] ~-

Heterogeneity: Tau®=1.21; Chi*=39.11, df= 3 (P = 0.00001); F= 92%
Testfor overall effect: Z=1.50{P =013}

1.1.6 BMI

Devine et al 2020 [28] 014 463 15 042 527 22 7% -0.05 F0.71, 0.60] —
Fiuza-Luces 2017 [37] 0.4 102 125 28% 0.20 [-0.36, 0.76] - —
Huang et al 2014 [31] 007 034 18 -0 041 18 27% -0.16 [-0.79, 0.48] -
Subtotal {95% CI) 58 66  8.3% 0.01 [-0.34, 0.37] L 2

Heterogeneity, Tau*=0.00; Chi*=0.72, df= 2 {F=070);, F=0%
Testfor overall effect: Z=0.08 (P = 0.84)

1.1.7 Self efficacy

Casillas etal 2019 [28] -04 105 24 02 141 24 28%  -0.A85[1.12,003) ]
Chung et al 2015 [43] -21 12033 01 13 36 28%  -158[212-1.03] -

Li stal 2013 [44] 04 125 34 .02 121 37 28%  -0.16[063,0.31] -

Li et al 2018 [45] 28 322 17 0 31 105 3% -088[1.16,-061] -

Wi et al 2019 [46] -10.83  13.03 34 -293 1408 37 28%  -0.55[1.03,-0.06] ]

Subtotal (95% Cl) 242 239 147%  0.74[1.16,-0.33] <

Heterageneity, Tau*=017, Chi*=17.01, df= 4 (P =0.002);, F= 76%

Testfor overall effect: £= 3.50 (P = 0.0005)

Total {95% CI) 1201 1252 100.0%  -0.54[0.81, 0.27] *

Heterogeneity: Tau® = 0.59; Chi*= 343.51, df= 35 (F = 0.00001); F= 90% 4 4 ) 1 1

Testfor overall effect: £=3.94 (P = 0.0001)

WL BXpErime Il VI [ ol]
Testfor subaroun differences: Chi®=12.80. df=6 (P = 0.05). F=53.1% Favours [experimental] Favours [control]

Figure 3. Forest plots of effect size and 95% CI of meta-analysis on healthy lifestyle interventions for childhood and
adolescent cancer survivors (17 studies). Cl, confidence interval; IV, inverse variance; SD, standard deviation.
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Figure 4. Funnel plots of effect sizes for seven outcomes of the meta-analysis on healthy lifestyle interventions for childhood and
adolescent cancer survivors (17 studies). BMI, body mass index.

Among the secondary outcomes, self-efficacy (n=5) showed
a moderate effect (d=-0.74, 95% CI=-1.16 to -0.33, p=.0005), al-
though measurable heterogeneity remained (I’=76%). Another
subgroup analysis was performed based on identical stand-
ards (Supplement 1), showing small to moderate effect sizes
and statistical significance when interventions were provided
with health education only (n=2) (d=-0.55, 95% CI=-0.92 to
-0.18, p=.003), for less than 6 months (n=3) (d=-0.40, 95%
CI=-0.69 to -0.11, p=.006), and individually (n=2) (d=-0.55,
95% CI=-0.92 to -0.18, p=.003). The results of each analysis

120 | Lifestyle interventions for childhood and adolescent cancer survivors

were found to be homogeneous (I’=0%).

The remaining secondary outcomes in this meta-analysis
(physical activity, fatigue, exercise capacity-VO,, exercise ca-
pacity-upper body, and BMI) revealed no statistical signifi-
cance (p-value range: .13 to .94) and the estimated hetero-
geneity between the included studies was high (I* range:
87%-95%). Each outcome was subjected to subgroup analyses
to explain potential causes of the lack of significant results, but
the results remained unchanged both for effect size and
heterogeneity. To assess publication bias, funnel plots were

www.e-chnr.org
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generated for all outcome variables, showing a somewhat
asymmetrical distribution (Figure 3), which suggested that
some bias may have existed.

DISCUSSION

1. Study Characteristics and Study Quality

In this section, the characteristics and quality evaluation of
the papers presented in Table 1 and Figure 2 are discussed.

According to previous review papers published since 2016
related to healthy lifestyles among CACS, adopting a healthy
lifestyle plays a pivotal role in improving their HR-QoL
[5,8,11,13]. The effects and associations of HLSIs for CACS have
been reported, focusing on variables related to physical, psy-
chological, social, and school adjustment [5,11-13,28,29,42,44,
46,47]. However, those meta-analyses have been conducted to
identify the effects of interventions that dealt with only partial
aspects of HLSIs. Based on the health concept presented by
the WHO [14], no meta-study of the effects of HLSIs on CACS
has been conducted from a holistic perspective, including
physical, psychological, and spiritual aspects. This study
aimed to identify the effects of interventions promoting a
healthy lifestyle for CACS more comprehensively. The high
heterogeneity of the results can be seen as reflecting the pur-
pose of this study; simultaneously, however, these results par-
adoxically show that comprehensive intervention develop-
ment is needed to promote a healthy lifestyle.

Three systematic reviews and meta-analyses [9-11] on in-
terventions aiming to induce changes in health behavior pub-
lished since 2016 found that regular exercise is a post-treat-
ment recommendation because CACS have limitations in
physical and fitness activity due to the sequelae of their
condition. Thus, exercise is suggested as an important factor
that improves health and well-being [10]. Furthermore, ex-
ercise has positive effects on their HR-QoL [11].

The remaining 12 studies described interventions that
mixed exercise with psychosocial care or interventions that
promoted the healthy psychosocial adaptation of CACS.
Nonetheless, considering that humans' mental and spiritual
attributes are closely related to their physical and psycho-
logical aspects, interventions for the spiritual well-being of
CACS need to be further developed [12,13].

Four studies [30,31,36,38] that applied web or mobile-based
interventions were published. Although distance-delivered
interventions did not reach the conventional level of statistical
significance for improving CACS' health outcomes, they were
reported to reduce the risk of comorbidities and to have so-
matic and psychological benefits [9]. In terms of statistical sig-
nificance, various results have been reported, yet these results

www.e-chnr.org

CHNR

suggest the need for further studies with a larger number of
CACS. It should also be kept in mind that digital interventions
such as eHealth and mHealth may have the potential to over-
come future barriers associated with the anticipated need for
physical distancing in the future due to factors such as the
pandemic era, distance from trained providers, and compet-
ing life demands (e.g., school, physical condition, and family)
[22,47]. Distance-based interventions also serve as an appeal-
ing tool for addressing the complex needs of CACS and con-
necting with them [48].

Interestingly, 15 [28-42] out of the 19 studies related to
HLSIs were conducted in Western cultures. The other four
studies were performed in Taiwan [46], Hong Kong [44,45],
and Singapore [43]. Similar research trends were also identi-
fied in previous meta-analyses. Among the 13 systematic re-
views or meta-analyses related to HLSIs in CACS from 2016 to
2020, 11 were conducted in Western cultures [4-10,12,13,20,22],
and only two were performed in Asia—China [11] and Hong
Kong [49]. More systematic attention and research are re-
quired to promote a healthy lifestyle for CACS in the Asian
region.

Regarding the quality of the 17 RCTs, 10 studies showed a
low risk of bias, indicating that their findings can be consid-
ered to be reliable, but the remaining seven studies presented
"some concern". Furthermore, there were only two non-RCTs
based on psychological interventions and one with a pilot
study on exercise counseling; thus, it is difficult to make evi-
dence-based suggestions. For this reason, it will be necessary
to consider more stringent blinding processes for participant
assignment with RCT designs in future research.

Additionally, in nine out of the 19 studies (Table 1) [29,32,
33,35,43-47], theoretical models of interventions and outcome
variables for promoting a healthy lifestyle (social cognitive
theory, self-efficacy theory, learning theory, the precede-pro-
ceed model, and the health belief model) were presented. In
the remaining 10 studies, a theoretical framework was not
presented. Presenting the rationale for the intervention in an
experimental study is presented can strengthen the scientific
validity of the effect of the developed intervention. Future
studies should revalidate the applied theory by identifying
the significance of the effect measurement variables.

The WHO regards trial registration as the publication of an
internationally agreed-upon set of information about the de-
sign, conduct, and administration of clinical trials. The trial
registration status of the 17 RCT and 2 non-RCT papers in-
cluded in this study was checked, and nine RCT studies
[29,32,34-38,40,41] included the clinical trial registration
number. In future studies, it will be necessary to consider the
selection of papers that comply with the International Clinical
Trials Registry. This may lead to improvements in the quality
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of clinical trials by making it possible to identify potential
problems (such as problematic randomization methods) early
in the research process [50].

2. Effect Size of Outcome Variables

The primary outcome of this meta-analysis is that HR-QoL
came close to having a large effect and was statistically sig-
nificant, but it also had high heterogeneity. A meta-analysis
[11] of the effects of exercise interventions on HR-QoL for
CACS reported substantial variation according to exercise in-
tensity and duration. The 13 studies included in this meta-
analysis could also be classified according to the character-
istics of intervention type (single or mixed), format (individ-
ual or group), and period (>6 months or <6 months). In a
subgroup analysis of these three characteristics, the hetero-
geneity of effects on HR-QoL was lower for mixed interven-
tions, interventions lasting >6 months, and group interven-
tions. Assessing HR-QoL outcomes can provide prognostic
and predictive information for clinicians, helping them under-
stand the experiences of CACS and enabling them to develop
effective lifestyle interventions [11]. When trying to improve
the HR- QoL of CACS through HLSIs, the intervention type
and duration are important factors to consider in program
development.

As secondary outcomes of the effect size of HLSIs, the phys-
ical measurement variables available for meta-analysis were
physical activity, fatigue, exercise capacity (VO, peak, upper
body), and BMI, but the effect sizes were not significant.
Similarly, in the meta-analysis conducted by Zhi et al. [11],
which investigated the effects of exercise interventions on ado-
lescent and young adult cancer survivors, the overall effects
related to physical outcomes were not significant. In contrast,
statistically significant effects were reported in a meta- analy-
sis of observational studies on physical activity and fitness [10]
and in a meta-analysis regarding distance-delivered physical
activity interventions for childhood cancer survivors [9]. A
reason for the variation in significance of the exercise inter-
vention effects from study to study seems to be that the types
of interventions and the methods of measuring effects were
particularly diverse. Moreover, the intensity of exercise inter-
vention programs varied from light physical activity, such as
walking, to vigorous physical activity such as aerobic exercise
[11]. These variations led to limitations in identifying common
exercise intervention designs and measurement methods.

Self-efficacy, which was identified as a psychosocial out-
come variable in this study, showed a large effect size and was
statistically significant. In the subgroup analysis, the hetero-
geneity was at 0% in single interventions, interventions last-
ing less than 6 months, and individual interventions, which
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were common features of the studies by Casillas et al. [28] and
Wau et al. [46]. CACS face distinct barriers when navigating the
healthcare system compared to adult cancer survivors. Mobile
messaging technology is an appropriate way to reach out to
CACS in order to disseminate health information. Therefore,
they need age-appropriate educational interventions to opti-
mize their long-term follow-up care [28]. The intervention
characteristics, including intervention type (single or mixed),
format (individual or group), and duration (>6 months or <6
months) that were found to affect heterogeneity in this study,
are factors that should be considered in future intervention
studies aiming to enhance the self-efficacy of CACS.

Regarding publication bias, which was analyzed using fun-
nel plots, some studies included in the analysis fell outside the
triangle, indicating that there may have existed some poten-
tial publication bias. This implies that it is necessary to con-
firm the effectiveness of HLSIs through future studies.
Among the 19 studies included in the quality evaluation, the
results of five were excluded from the meta-analysis. In these
five studies [14,33,35,36,42,43], various variables (e.g., social
skills, motivation, anxiety, and health locus of control) were
used as intervention effects, but due to the small number of
studies, a meta-analysis was not appropriate for evaluating
those effects. In addition, various interventions for health pro-
motion in CACS have been developed, but few studies have
measured the degree of healthy lifestyle performance as an
outcome variable. Based on Nola Pender's health promotion
model, a healthy lifestyle measurement tool that measures
adolescent health-promoting behaviors more comprehen-
sively has been validated in several cultures [14]. This tool
can be applied to future studies to verify the effectiveness of
HLSIs for CACS.

3. Implications and Limitations

This study identified that most of the interventions regard-
ing HLSIs were exercise interventions with measured varia-
bles focused on physical aspects, and the more comprehen-
sive effects of HLSIs for CACS have not yet been actively
studied. This finding suggests the need for research on holistic
health management.

Recently published meta-studies on HLSIs have not ap-
plied the holistic health concept to CACS, confirming the fur-
ther need to develop HLSIs for holistic health management.
Only a small number of intervention studies have been pub-
lished that focus on psychosocial and spiritual care interven-
tions for CACS and school adaptation, which also shows the
need for vitalizing these research interventions.

Among the HLSIs' effect measurement variables, HR-QoL
was found to be the most frequent outcome, which implied
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that the HR-QoL management of CACS is an important
medical topic of interest. However, as the enhancement of
HLSIs has been rarely measured, it is suggested that HLSIs
should be reflected in effect size measurements along with
HR-QoL in future studies. In addition, clinical trial enroll-
ment among CACS is a topic that may have implications for
the findings.

Based on the WHO's concept of health and a healthy life-
style, this study focused on confirming the effects of HLSI
studies from a holistic perspective. Therefore, all pediatric
cancer types were included. Rather than using only RCT stud-
ies, two non-RCT studies were included in the quality evalua-
tion and one in the meta-analysis. Therefore, this study had a
limited ability to clarify the impact of randomization in re-
search design. In addition, relatively few intervention studies
[28,32,35,42,43,47] focusing on psychosocial and spiritual care
interventions and school adaptations of CACS were pub-
lished, which limited the estimation of the effect size. A meta-
study on psychological adaptation of CACS with brain tu-
mors [12] also reported a high risk of psychological adjust-
ment difficulties, suggesting the future need for intervention
development. The subgroup analysis results of this study
have limitations in generalizability due to their small sample
sizes. Unlike adult cancer, childhood cancer has a variety of
occurrence times and types. Therefore, future research needs
to identify the effects of HLSIs on HR-QoL according to cancer
type and the child's developmental age.

CONCLUSION

Healthy lifestyle management is exceptionally important for
improving the HR-QoL of CACS, and it is an important issue
for healthcare providers who care for them. This meta- analysis
is the first attempt to determine the effect size of HLSIs based
on the holistic health concept. HLSIs were provided in the
physical and psychosocial domains. Most of the interventions
targeting the physical domain involved physical activities, in-
cluding exercise, while interventions addressing the psycho-
social domain provided education on cognitive factors. The
outcomes were varied, although the interventions commonly
focused on HR-QoL and self-efficacy. In addition, there were
limitations in objectively examining the intervention effects
due to differences in patients' severity and conditions.

Due to the lack of statistical significance in their effects, the
inclusion of an exercise intervention and the duration and
type of intervention (single/mixed, individual/ group) can be
considered as factors affecting the heterogeneity of HLSIs' ef-
fects on HR-QoL and self-efficacy. Nevertheless, it was found
that these physical and psychosocial interventions provided
positive results for patients' HR-QoL and self-efficacy. Until

www.e-chnr.org

recently, HLSIs studies for CACS dealt with only single phys-
ical or psychosocial aspects. This study suggests that the de-
gree of improvement in healthy lifestyles and HR-QoL should
be measured using a holistic approach to promote a healthy
lifestyle. In addition, since active participation is an important
factor in HLSIs, participants' conditions inevitably affect the
outcomes of the interventions. Therefore, it is also necessary
to develop and apply programs that are not significantly af-
fected by patients' conditions in daily life.
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