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ABSTRACT
Background: The literature on fatigue in children and adolescents undergoing cancer treatment is highly variable, creating 
uncertainties about its prevalence and identifying those at higher risk.
Objectives: The primary purpose was to describe the prevalence of fatigue among patients (< 21 years) undergoing cancer treat-
ment across cancer types. Secondary outcomes included the prevalence of severe fatigue and factors associated with fatigue.
Methods: Systematic searches of MEDLINE, Embase, Cochrane Central Register of Controlled Trials, CINAHL, and PsycINFO 
were conducted from inception to May 22, 2023. Two reviewers independently identified relevant citations and extracted data. 
Pooled prevalence estimates were derived using an inverse variance, random-effects model. We used Joanna Briggs's critical 
appraisal checklist to assess study quality. (PROSPERO: CRD42020179307).
Results: We included 47 studies: 26 for prevalence and 29 for factors associated with fatigue. The pooled prevalence of fatigue 
was 73% (95% [Confidence Interval, CI: 66%–79%; I2 96%; 26 studies; 2699 patients], and severe fatigue was 30% [95% CI 14%–46%, 
I2 98%; 8 studies; 1027 patients]). Subgroup analyses based on cancer type, study design, fatigue scale, fatigue reporting person-
nel, sample frame, and response rate did not reveal significant differences in fatigue prevalence. Fatigue prevalence significantly 
differed by treatment setting (inpatient [83%] vs. outpatient [55%] vs. inpatient and outpatient [69%]; p: 0.02). Due to considerable 
heterogeneity among studies, data on fatigue-associated factors are presented descriptively.
Conclusions: The prevalence of fatigue among children and adolescents undergoing cancer treatment is variable but notably 
high. Systematic evaluation of factors associated with fatigue is essential to understanding which children are at high risk of 
developing fatigue.
Trial Registration: PROSPERO: CRD42020179307
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1   |   Introduction

Fatigue is a debilitating symptom commonly experienced by 
children and adolescents with cancer throughout their can-
cer journey [1]. Fatigue can result from a range of factors, in-
cluding cancer itself, treatment-related toxicities such as pain, 
infection, and anorexia, as well as psychological distress, anx-
iety, depression, and sleep disturbances. Fatigue significantly 
impacts children's ability to engage in daily activities, such as 
attending school, participating in sports, and maintaining social 
relationships. Beyond physical tiredness, it also affects their cog-
nitive and psychological functioning, leading to psychological-
emotional distress, particularly in adolescents with cancer [2, 3]. 
Fatigue has been reported to be one of the most crucial factors 
impacting the quality of life of these children and adolescents [4].

The reported prevalence of fatigue among children and adoles-
cents with cancer during treatment is heterogeneous, varying 
from 14% to 67%, and has been shown to depend on various 
demographic and treatment-related factors [5–8]. While a few 
systematic reviews have analyzed interventions to mitigate fa-
tigue in adults and pediatric patients with cancer, none have 
evaluated the prevalence and correlates of fatigue in the pediat-
ric population during treatment [9–11]. Such a review can help 
assess the overall prevalence of fatigue in children with various 
cancer diagnoses during treatment by synthesizing data from 
multiple studies to provide a more precise estimate of fatigue 
prevalence. Investigating potential factors associated with fa-
tigue is also essential to identify children and adolescents at risk 
of experiencing more fatigue during cancer treatment. Overall, 
this information can provide evidence-based insights to inform 
the development of strategies for screening, preventing, and 
treating fatigue in children and adolescents during treatment.

Therefore, the primary objective of this systematic review and 
meta-analysis was to determine the prevalence of fatigue, re-
gardless of its severity and etiology, in children and adolescents 
receiving cancer treatment. The secondary objectives included 
assessing the prevalence of severe fatigue and identifying factors 
associated with the occurrence of fatigue of any severity in this 
patient population.

2   |   Methods

We conducted this systematic review following the methodologi-
cal approaches outlined in the Cochrane Handbook for Systematic 
Reviews of Interventions and adhered to the Meta-analysis of 
Observational Studies in Epidemiology (MOOSE) guidelines for 
reporting meta-analyses of observational studies [12, 13]. This 
review was registered with PROSPERO (CRD42020179307) [14].

2.1   |   Search Strategy and Study Selection

A systematic search was conducted using Medline (Ovid), 
Embase (Ovid), Cochrane Central (Wiley), CINAHL (EBSCO), 
and PsycINFO (Ovid) from inception to May 22, 2023 (Table ). 
Reference lists of narrative and systematic reviews and the in-
cluded studies were screened for additional citations. Additionally, 
we searched the gray literature to capture relevant studies.

2.2   |   Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1) 
Participants were under 21 years of age with cancer or hema-
topoietic stem cell transplant (HCT) recipients; (2) the inter-
vention included chemotherapy, radiotherapy, surgery, HCT, 
targeted therapy, or immunotherapy for cancer treatment; (3) 
reported prevalence, risk factors, or other variables associated 
with fatigue irrespective of the cause of fatigue; and (4) the study 
design was randomized controlled trials (RCTs), cohort studies, 
controlled before-and-after studies, or cross-sectional studies. 
RCTs and controlled before-and-after studies had to report the 
prevalence of fatigue at baseline before the initiation of the in-
tervention, provided they did not have the presence or severity 
of fatigue as an eligibility criterion for enrolling patients. Studies 
were excluded if they (1) included < 75% of children and ado-
lescents with cancer; (2) exclusively included children and ad-
olescents with relapsed/refractory cancer or those receiving 
palliative care or had > 25% of children and adolescents with 
relapsed/refractory cancer or those receiving palliative care; (3) 
solely included childhood cancer survivors or had > 25% of the 
population off cancer treatment; (4) did not report any outcomes 
of interest to this review; (5) reported fatigue only at cancer di-
agnosis; or (6) were non-English language studies.

2.3   |   Outcomes

The primary outcome of interest was the prevalence of overall 
self- or proxy-report fatigue measured by any fatigue assess-
ment scale, except when fatigue was reported as toxicity using 
Common Terminology Criteria for Adverse Events (CTCAE) 
grading. Secondary outcomes included the prevalence of self- or 
proxy-report study-defined severe fatigue measured by any fa-
tigue assessment scale, except for CTCAE, and study-reported 
patient-, disease-, or treatment-related factors associated with 
the presence of fatigue.

2.4   |   Data Extraction

Two reviewers (SO, RJ, BH, GO, or OL) independently evalu-
ated the titles and abstracts identified by the search strategy. 
Any citation deemed potentially relevant by either reviewer 
was retrieved in full-text format and assessed for eligibil-
ity. Discrepancies between the two reviewers were resolved 
through consensus, with adjudication by a third reviewer (GO 
or SO) if necessary. We extracted the following data: (a) Study-
level variables, including study design and setting (inpatient 
vs. outpatient), year of enrollment and publication, country 
of study, inclusion and exclusion criteria, and quality assess-
ment items; (b) Population-, disease-, and treatment-related 
variables: such as age at diagnosis, sex and ethnicity of par-
ticipants, cancer type, cancer stage (nonmetastatic vs. met-
astatic), percentage of participants with relapsed/refractory 
disease, type of cancer treatment, and phase of cancer treat-
ment; (c) Outcome-related variables including the type of fa-
tigue assessment scale used, outcome definition (i.e., specific 
diagnostic criteria or fatigue assessment scale cut-off), time 
point of fatigue assessment, the person reporting fatigue, and 
the number of patients assessed for or presenting with fatigue 
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and severe fatigue and factors associated with fatigue. In case 
of missing or unclear data, authors of the individual studies 
were contacted to provide the required information. Studies 
using the same patients or datasets were grouped as compan-
ion studies and treated as a single study in this systematic 
review. When studies reported fatigue prevalence from both 
patient and parent perspectives, the patient-reported data 
were used in our meta-analysis. We used the average preva-
lence for longitudinal studies that provided prevalence esti-
mates at multiple time points during cancer treatment.

2.5   |   Study Quality Assessment

Two reviewers (SO and RJ, BH, OL, or GO) assessed the quality of 
observational studies using the Joanna Briggs Institute's (JBI) crit-
ical appraisal checklist for studies reporting prevalence data [15]. 
Nine domains of each study were considered for quality assess-
ment, including sample frame, sampling method, sample size, 
study setting, sample coverage, validation of fatigue scale, fatigue 
measurement, statistical analysis, and response rate (Table S2).

2.6   |   Data Synthesis

We performed descriptive statistics using Microsoft Excel 2019 
[Excel v15, Microsoft Corp., Redmond, WA, United States of 
America (USA)] and pooled aggregate data at the study level. If 
study-level proportions and standard errors were not reported, 
they were calculated before meta-analyses. We averaged the 
prevalence estimates for longitudinal studies reporting prev-
alence estimates at different time points during cancer treat-
ment. The weighted summary proportions of fatigue and 
corresponding 95% confidence intervals (CI) were calculated 
by pooling the study-specific estimates using generic inverse 
variance random-effects models. Statistical heterogeneity 

between studies was assessed using the I2 statistic, which de-
scribes the percentage of total variation across studies due to 
heterogeneity rather than chance; values around 30%–60% rep-
resent moderate heterogeneity, 50%–90% substantial heteroge-
neity, and 75%–100% considerable heterogeneity [16]. Potential 
publication bias was evaluated using visual inspection of fun-
nel plot analysis and Egger's regression test for the primary 
outcome of fatigue prevalence [17, 18]. To explore sources of 
heterogeneity and to provide estimates of fatigue prevalence 
among relevant subgroups, stratified/subgroup analyses were 
planned based on a priori-defined subgroups based on age, sex/
gender, presence of mood or anxiety disorders and sleep disor-
ders, cancer type and stage, treatment type, treatment setting, 
the person reporting fatigue, type of fatigue scale used, study 
type, and adequate sample frame, sampling and response rate 
[14]. These subgroup comparisons provided detailed insights 
into how fatigue varied within distinct patient populations and 
treatment contexts. We used the p value for subgroup differ-
ence to assess whether the prevalence of fatigue varied across 
subgroups, with a p value < 0.05 indicating a statistically sig-
nificant effect. The meta-analysis was performed using the 
metafor R package in R software (version 4.3.0) [19].

3   |   Results

We identified 12,589 citations and screened 9016 after removing 
duplicates. Following a full-text review of 236 articles, 47 stud-
ies met the eligibility criteria and were included in the review 
(Figure 1).

3.1   |   Study Characteristics

Table  1 lists the baseline characteristics of all included stud-
ies. Of the 47 studies [5, 6, 8, 20–64] 26 contributed to the 

FIGURE 1    |    PRISMA flowchart of the selection of the included articles.
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primary outcome of overall fatigue prevalence [5, 6, 8, 20–23, 
25–27, 30, 33–37, 40, 42, 44, 45, 49, 50, 53, 54, 56, 62] 29 to fac-
tors associated with fatigue [5, 20–22, 24, 26, 28, 29, 32, 35, 
36, 38, 39, 41–44, 46, 47, 51, 52, 55–58, 60, 61, 65, 66] and 8 to 
the prevalence of severe fatigue [8, 20, 40, 49, 53, 54, 62, 67]. 
Geographically, 47% of studies were conducted in the USA, 13% 
in the USA and Canada, 6% in China, 4% in Canada, and 4% 
in Turkey. Prospective cohort studies comprised 60%, while 
cross-sectional and phase 3 RCTs comprised 30% and 9%, re-
spectively. Among the 30 studies from the USA and Canada, 25 
reported enrolments of non-white participants with a median 
representation of 28% (range: 8%–75%). Sex/gender distribution 
was reported in all studies, with a median of 56% males (range: 
41%–80%). Cancer diagnoses varied widely: 64% of studies in-
cluded patients with different cancer types, 21% focused solely 
on acute lymphoblastic leukemia (ALL), and 4% included both 
acute myeloid leukemia (AML) and ALL. Two studies exclu-
sively enrolled patients with Central Nervous System (CNS) 
tumors. Regarding the study setting, 47% included patients 
receiving inpatient and outpatient treatments, while 19% and 
17% focused exclusively on inpatient or outpatient settings. 
Modalities of cancer treatment included chemotherapy (51%), 
chemotherapy/radiation/surgery (13%), chemotherapy/radia-
tion (4%), radiation (2%), and HCT (2%).

Regarding fatigue assessment, 49% of studies used patient-
reported measures, 11% utilized parent-reported measures, 
and 38% employed both measures. Fatigue assessment across 
the 47 included studies [5, 6, 8, 20–30, 32–64] utilized 13 scales 
(Table  S3). The most commonly used scales were the Fatigue 
Scale-Child (FS-C), Fatigue Scale-Adolescent (FS-A), or Fatigue 
Scale-Parent (FS-P) in 35% of studies, followed by the Pediatric 

Quality of Life-Multidimensional Fatigue Scale (PedsQL-MFS) 
in 17% and the Patient-Reported Outcomes Measurement 
Information System (PROMIS) scale in 14%.

3.2   |   Study Quality Assessment

Among all studies, 38% had an appropriate sampling frame, 17% 
had adequate sample size and 36% had suitable study settings 
(Figure S1). A valid fatigue measurement scale was utilized in 
90% of studies, and standard and reliable outcome measurement 
was employed in 98%. However, blinding was inadequate due to 
non-blinded outcome measures. Appropriate statistical methods 
were used for the overall prevalence analysis in all 26 studies 
reporting prevalence (Figure S2). Among the 29 studies explor-
ing factors associated with fatigue as a secondary outcome, only 
41% adjusted for potential confounders. The response or fatigue 
assessment rate was deemed adequate in 68% (N = 32) of studies, 
indicating minimal attrition bias.

3.3   |   Primary Outcome

In total, 26 studies, comprising 2699 patients (aged 2–18 years), 
reported the prevalence of overall fatigue, with 2522 patients as-
sessed (Table S4). The reported fatigue prevalence varied from 
45.8% to 100.0%. The pooled prevalence estimate across these 
studies was 73% (95% CI, 66%–79%; I2 = 96%) (Figure 2).

Subgroup analysis of overall fatigue prevalence based on pre-
defined factors is detailed in Table 2. Significant differences in 
fatigue prevalence were observed only in subgroups categorized 

FIGURE 2    |    Forest plot of the meta-analysis of overall fatigue prevalence in included studies (N = 26).
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by treatment setting (p < 0.05). Subgroup analyses by age, sex, 
mood, or anxiety disorder, sleep disorder, and cancer stage were 
not feasible due to insufficient reporting in the included studies.

3.4   |   Secondary Outcomes

3.4.1   |   Severe Fatigue

Severe fatigue prevalence was reported in 8 (17%) stud-
ies, encompassing 1027 patients (Figure  3 and Table  S3) 
[20, 31, 40, 49, 53, 54, 62, 63]. These studies utilized six fatigue 
scales, with PedsQL-MFS being the most frequently employed 
(25%, N = 2). Among the eight studies, 5 (62%) included patients 
with different cancer diagnoses. The pooled prevalence of severe 
fatigue across these studies was 30% (95% CI 14%–46%, I2 = 98%).

3.4.2   |   Factors Associated With Fatigue

Twenty-nine studies reported potential factors associated with 
fatigue among children and adolescents with cancer during 
active cancer treatment (Table 3). Meta-analysis for this out-
come was not conducted due to the considerable heterogeneity 
in the methods used to analyze and report (e.g., correlation, 
univariable, or multivariable analysis) and the study popula-
tions; therefore, data on the factors associated with fatigue are 
presented descriptively: (a) Demographic factors: Among six 
studies, three found older age associated with higher fatigue 
older age and higher fatigue [8, 22, 35, 36], two found no as-
sociation [28, 60], and one found younger age associated with 
higher fatigue [38]. Seven studies examined the association 
of sex/gender with fatigue, with five finding no association 
and two identifying higher fatigue in females [22, 57]. Four 
studies explored race/ethnicity, with one finding Hispanic 
patients reporting higher fatigue, while the other three found 
no such association [22, 28, 35, 46]; (b) disease-related factors: 
One study found that patients with CNS/solid tumors experi-
enced less fatigue than those with leukemia/lymphoma [38], 
while another found no association with the type of leukemia/
lymphoma [22]. Two studies in acute lymphoblastic leukemia 
(ALL) risk grouping showed mixed results, with one finding 
no association and the other reporting less fatigue in high-
risk and very high-risk ALL patients compared to low and 
average-risk patients [21, 28]; (c) treatment-related factors: 
Among brain tumor patients undergoing radiotherapy, cranial 

spinal radiation dose was a significant predictor of fatigue in 
one study [20]. Dexamethasone pulse phases and steroid use 
during chemotherapy were associated with higher fatigue in 
ALL patients [32, 59]. In acute myeloid leukemia patients, the 
number of CTCAE toxicities was significantly associated with 
general fatigue [35]. Fatigue varied during treatment, decreas-
ing over time in ALL patients and during the initial weeks 
of leukemia/lymphoma treatment [5, 41, 65]; (d) Sleep-related 
factors: Seven studies found that poor sleep measures, such 
as inconsistent sleep habits, fragmented sleep, high caregiver-
reported sleep problems, frequent night awakenings and 
high nighttime activity, were associated with higher fatigue 
[32, 36, 44, 52, 60, 68, 69]; (e) Other clinical and psychosocial 
symptoms: Two studies found a positive association between 
fatigue and pain [26, 46] and two studies found a positive cor-
relation between depressive symptoms and fatigue [44, 51, 58].

3.5   |   Publication Bias

Visual inspection of the funnel plot exploring the publication 
bias of the studies contributing to the over fatigue prevalence 
showed that smaller studies reporting higher fatigue prevalence 
were underrepresented (Figure S3). Egger's regression test, as-
sessing asymmetry in the funnel plot, demonstrated a statisti-
cally significant result (t = −3.77 and p—0.0009), indicating the 
presence of publication bias.

4   |   Discussion

In this review, we found high heterogeneity in summary ef-
fect measures, with the pooled prevalence of overall fatigue 
at 73% and severe fatigue at 30% in children and adolescents 
undergoing cancer treatment. These findings are comparable 
to a recent review demonstrating a prevalence of 62% among 
adults with cancer during treatment [70]. The high fatigue 
prevalence in our population also aligns with reports of in-
creased fatigue among children and adolescents with chronic 
diseases such as cystic fibrosis and autoimmune diseases 
[71, 72]. Notably, this prevalence is seven times higher than 
the 10.1% prevalence of general fatigue among adolescents in 
the general population [73].

Stratified analyses by treatment setting revealed a lower prev-
alence among patients receiving outpatient treatment than 

FIGURE 3    |    Forest plot of pooled prevalence of severe fatigue (N = 8).
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those getting treatment either as an inpatient or both inpatient 
and outpatient. Typically, inpatient cancer treatments are more 
intensive than outpatient chemotherapy; plausibly, fatigue is 
more prevalent during inpatient chemotherapy cycles due to 
the increased intensity of therapy, increased distress associ-
ated with inpatient admissions impacting the psychological 
aspects of fatigue, fewer interactions with family and less time 
spent being physically active and more sleep disruptions due to 
night awakenings, and the noisy environment from the moni-
tors [60, 74–76]. Additional studies are warranted to ascertain if 
outpatient delivery of a similar chemotherapy regimen leads to 
lesser fatigue than inpatient delivery.

Studies reporting on fatigue-related factors examined various 
demographic, disease-related, treatment-related, and psycholog-
ical factors but revealed inconsistent findings due to substantial 
heterogeneity. However, most studies found consistent associa-
tions between sleep patterns and fatigue, with stable sleep habits 
linked to lower fatigue levels. The literature indicates a recip-
rocal and strong relationship between cancer-related fatigue 
and sleep disturbances through shared physiological pathways 
[77, 78]. Future research should target pediatric-specific inter-
ventions to improve fatigue and sleep quality in children and 
adolescents with cancer.

Most studies demonstrated a positive association between pain, 
depression, and fatigue, in addition to sleep. This supports the 
concept of symptom clustering in oncology, an evolving concept 
that underscores the importance of clinicians recognizing the 
co-occurrence of symptoms and the need to address multiple 
symptoms within a cluster to achieve better overall symptom 
control [51, 66].

Despite its heterogeneity, this systematic review's primary 
strength is in systematically presenting data on the prevalence 
of fatigue and associated factors among children and adoles-
cents with cancer during treatment based on multiple studies 
conducted to date. A comprehensive search of several databases 
from their inception, utilizing broad search terms and robust 
methodology, was performed to avoid bias. Subgroup analyses 
were conducted to explore the causes of heterogeneity system-
atically. Finally, a multidisciplinary team provided expertise in 
conducting the review and interpreting the findings.

This review has several notable limitations. The included studies 
exhibited substantial heterogeneity in patient demographics, can-
cer diagnoses, treatment modalities, fatigue assessment tools, and 
follow-up durations. Consequently, despite pooling the prevalence 
data, our confidence in the estimated pooled prevalence remains 
low. The secondary objective of identifying factors associated with 
fatigue also suffered from inconsistent adjustment for potential 
confounders across studies. Only 3 out of 27 studies scored well on 
all the domains of study quality assessment for external validity, 
with 60% failing to specify sampling methods, thus raising con-
cerns about selection bias. The reliance on self-reported fatigue 
questionnaires precluded participant blinding, resulting in high 
detection bias. Additionally, variations in fatigue prevalence es-
timates may result from inconsistent reporting sources, such as 
caregiver versus child self-reports. Caregiver/proxy reports may 
overestimate child-reported fatigue, leading to discrepancies in 
prevalence estimates among studies [79]. Fatigue, a multifaceted 

construct, was assessed in this review as a general or total mea-
sure, limiting our ability to comment on specific dimensions of 
fatigue. The restriction to English-language studies may have in-
troduced publication bias, and the exclusion of studies focusing on 
children and adolescents with relapsed/refractory cancer or those 
receiving palliative care limits the applicability of the findings to 
these populations.

5   |   Conclusions

In conclusion, our systematic review and meta-analysis reveal that 
73% of children and adolescents undergoing cancer treatment ex-
perience fatigue, with nearly 30% enduring severe fatigue. Despite 
the significant heterogeneity among studies, indicating a low cer-
tainty in these estimates, the high prevalence and variable nature 
of fatigue during treatment are evident. The high prevalence and 
significant impact of fatigue on the quality of life and other critical 
aspects of life for children and adolescents with cancer underscore 
the need for routine assessment using valid, reliable, and psycho-
metrically robust fatigue scales in clinical settings [3, 80].

Since effective interventions such as physical activity, mindful-
ness, and relaxation interventions to mitigate fatigue even in 
younger children are available, it is paramount that healthcare 
professionals should not consider fatigue an inevitable toxicity 
of treatment and utilize effective approaches to address it with 
their patients [81–83]. Future research should focus on iden-
tifying patterns and predictors of fatigue persistence beyond 
treatment, employing consistent assessment methods and mul-
tivariable analyses while ensuring the inclusion of younger chil-
dren to address current gaps.
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