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Abstract
Purpose Studies of fatigue in childhood cancer survivors
(CCS) are inconclusive, with some reporting increased fatigue
prevalence in this population while others do not. Given the
potentially significant consequences of unmanaged fatigue,
we sought to estimate the prevalence of fatigue and to identify
factors associated with fatigue in a population of non-CNS
CCS ranging from adolescence to middle adulthood using a
single fatigue measurement tool.
Methods Two hundred sixty-eight CCS ages 12–49 years
followed in a survivorship clinic at a single cancer center
completed validated self-report measures of fatigue, depres-
sion, and quality of life. Demographic and current health data
were collected by study questionnaire and chart review
Results Based on age-adjusted population norms, the preva-
lence of fatigue was 13.8 %, which is not significantly differ-
ent compared to results in healthy populations. Fatigue was
independently associated with having ≥3 chronic health con-
ditions (OR 4.27, 95 % CI 1.52–11.99). Fatigued participants
reported lower overall quality of life scores (OR 0.86, 95% CI
0.82–0.89) and were more likely to be depressed compared to
non-fatigued patients (20.4 vs. 1.4 %, respectively,
p < 0.0001). There were 41(78.8 %) survivors with fatigue
in our population who did not report significant depression.

Conclusions CCS did not demonstrate increased fatigue com-
pared to age-matched normative data. Fatigued survivors were
more likely to have multiple chronic conditions, depression,
and decreased quality of life. Longitudinal study will promote
better understanding of the relationship between fatigue and
specific chronic conditions, thereby facilitating early identifi-
cation of those individuals most at risk.
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Late effects

Introduction

Significant advances in the care of children and adolescents
diagnosed with cancer now ensure that more than 80 % will
survive their disease [1]. Unfortunately many of these life-
saving treatments lead to future health problems, and most
of all CCS (95 %) will face at least one chronic health condi-
tion by middle age [2, 3]. Fatigue is a common and distressing
symptom experienced by survivors of adult cancer, with re-
search indicating a higher prevalence of fatigue in this group
compared to the general population [4–7]. While a well-
established side effect of active cancer treatment in children,
less is known about the prevalence of fatigue in CCS after
completion of therapy. Current research demonstrates incon-
sistent findings, with some studies reporting the prevalence of
fatigue as greater in the CCS population [7–9], and others
suggesting it is similar to fatigue prevalence in the general
population [10, 11]. Characteristics of patient populations dif-
fer between studies, as do fatigue measurement tools, which
may contribute to the variety of result outcomes.

Most studies of fatigue in CCS to date have been limited to
reports of adult survivors (ages ≥18 years), with fewer studies
including or specifically examining fatigue in adolescent
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survivors. The potential debilitating nature of severe fatigue
necessitates a solid understanding of the role fatigue plays in
survivorship. For adolescents and young adults, fatigue may
interfere with acquisition of critical developmental milestones,
including autonomy from parents, individual identity and per-
sonal values, strong peer relationships, including intimate and
sexual relationships, as well as starting families, gaining finan-
cial independence, and preparing for advanced education or
employment [12]. Disruption of any one of these developmen-
tal milestones by fatigue may significantly limit social and
vocational opportunities and impair quality of life. Fatigue in
middle adulthood can interfere with ability to work, maintain
financial independence, and engage in care of family and re-
lationships with partners and peers. However, before we can
understand the impact of fatigue on key developmental mile-
stones and quality of life indicators, we must first determine
whether or not fatigue is a problem for this survivor popula-
tion. To better understand the impact of fatigue on CCS across
these age groups, our study aimed to determine the prevalence
of self-reported fatigue in a CCS population including adoles-
cents and adults using a single fatigue measurement tool. In
addition, we sought to identify disease, treatment, and demo-
graphic correlates of fatigue and examine the relationship be-
tween fatigue and quality of life, including depression, in this
CCS population.

Methods

Participants

Participants were recruited from Project REACH (Research
Evaluating After-Cancer Health), a longitudinal cohort study
designed to evaluate psychosocial and medical outcomes in
pediatric and adult cancer survivors followed in one of several
long-term follow-up clinics within a single cancer center [13].
To be eligible for Project REACH, participants must be sur-
vivors of a malignancy other than nonmelanomatous skin can-
cer; ≥2 years from cancer diagnosis; ≥1 year from completion
of cancer therapy (excluding chemopreventative agents); will-
ing to complete a yearly self-report survey of health outcomes;
and be able to complete forms independently in English. The
cancer center’s Institutional Review Board approved the
study. Informed consent was obtained from each participant
or participant’s guardian with accompanying assent prior to
study enrollment.

For this analysis, participants were drawn from a REACH
cohort followed in a survivorship clinic providing long-term
care to CCS diagnosed with hematological malignancies and
solid tumors (survivors of CNS tumors who are followed in a
neuro-oncology outcomes clinic are being evaluated in a sep-
arate study). Study participants were ages 12–49 years.

Measures

Demographic and medical information Participants provid-
ed information regarding their age, gender, ethnicity, and cur-
rent health problems directly on study forms. Additional med-
ical information regarding cancer diagnosis, treatment modal-
ity, age at diagnosis, and time since diagnosis, was obtained
from medical records.

Pediatric quality of life multidimensional fatigue scale The
multidimensional fatigue scale (MFS) measures self-reported
fatigue symptoms with 18 items which are scored to produce
an overall MDF [14–16]. Subscale scores are available, how-
ever, were not used in this evaluation. Each item is rated on a
five-point Likert scale ranging from Bnot at all^ to Balways^.
Higher scores indicate better functioning (i.e., less fatigue).
While initially developed for use within a child and adolescent
population, the MFS has been shown to be a reliable and valid
measure in the young adult (ages 18–25) and middle adult
(ages 26–53) pediatric cancer survivor populations [15, 16].
Though no established MFS cutoff score exists to identify
clinically significant fatigue, prior studies have reported mean
and standard deviation of MFS scores in healthy community
samples that allow for comparison of our survivor sample with
these normative groups [14–16].

Pediatric quality of life measurement model generic core
scale The 23-item pediatric quality of life measurement model
(PedsQL) generic core scale comprises four multidimensional
scales: physical, emotional, social, and school/work function-
ing (work was added to the school items for the PedsQL used
in participants >18 years) [14–16]. Each item is rated on a
five-point Likert scale ranging from Bnot at all^ to Balways.^
Higher scores indicate better functioning. The PedsQL has
been shown to be a reliable and valid measure in the adult
population, including adult pediatric cancer survivors [15, 16].

Brief symptom inventory-18 depression scale The brief
symptom inventory-18 (BSI-18) is an 18-item self-report
checklist designed to evaluate psychological distress in adults
and was used to measure symptoms of depression in study
participants ≥18 years [17]. This scale has been used to mea-
sure psychological symptoms in a variety of psychiatric and
medical populations including young adult and adult cancer
populations [18, 19]. The six BSI-18 depression items were
scored following the published manual to yield gender-
specific t scores based on a community sample. Participants
with a t score ≥63 on the depression subscale were character-
ized as severely depressed. [17].

The Beck youth inventories depression subscale (BYI-D)
A 20-item self-report checklist used to assess symptoms
of depression in study participants < age 18 years [20].
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Each Beck youth inventories depression subscale (BYI-
D) item asks participants to rank how frequently a state-
ment has been true for them on a 4-point scale over the
prior two weeks. The BYI is modular in nature and
each 20-item subscale can be administered separately
or together with other subscales. For this study, only
the depression subscale was utilized. The BYI-D
Cronbach’s alpha coefficients range from 0.86–0.96
demonstrating strong internal consistency, and the in-
strument has been validated in comparison with previ-
ously developed symptom report scales [20]. The BYI-
D was used to assess depression in study participants
aged 12–17 years. Participants were classified as de-
pressed if they had a t score ≥63.

Statistical analysis

We calculated descriptive statistics to characterize the sam-
ple’s demographic, medical, and mental health characteris-
tics. As noted, there is no established MFS cutoff score
used to define clinically significant fatigue. However, stud-
ies using the MFS in community-based samples of ado-
lescents and adults [14–16] reported means and standard
deviations which we used as the basis of comparison with
our survivor sample. Specifically, each survivor’s MFS
score was compared to the mean and standard deviation
available for a community sample of similar age
(<18 years, 18 to <26 years, and 26+ years). The propor-
tion of survivors observed to have scores ≥1 standard
deviation below the mean for their age group was com-
pared to the proportion expected based on the community
data (16 %) using a z test.

Though using age-specific means and standard deviations
are useful for comparing our sample with prior reports from
non-cancer groups, they are not appropriate for comparing
fatigued and non-fatigued survivors within our sample. This
is because fatigue has been shown to be associated with age
[8] so that young survivors who are one SD below their age-
appropriate mean MFS scores may have little clinically sig-
nificant fatigue, whereas older survivors may have very sig-
nificant fatigue even though they are not in the most fatigued
16 % of their age group. For analyses of fatigued vs. non-
fatigued survivors in our cohort, we required a classification
that would be consistent across age groups; therefore, we clas-
sified survivors in the lowest quintile (most fatigued 20 %) of
our sample as fatigued and compared them to all other survi-
vors. To confirm that survivors classified as fatigued in this
way differed from the other survivors, we compared the two
groups on three MFS items we posited to reflect clinically
significant aspects of fatigue using a z test. Subsequently, we
compared the fatigued and non-fatigued survivors using uni-
variate logistic regression models and odds ratios (OR) to
identify significant correlates of fatigue.

We then constructed a multivariable model to identify de-
mographic, cancer-related and health outcome variables inde-
pendently associated with fatigue. Significant variables in the
univariate models (p < .05) as well as gender (shown to be a
significant fatigue correlate in prior studies [8] were initially
placed in the model. Using a backward selection procedure
nonsignificant variables (p > 0.05) were removed unless they
increased or decreased a beta coefficient of another model
variable by more than 10 %, in which case they were retained
as likely confounders. Quality of life and mental health vari-
ables were not included in the multivariable modeling due to
the complex relationships between these variables. Instead,
we performed independent analyses to describe potential dif-
ferences in quality of life (PedsQL) and depression (BSI-18
and BYI-D) in fatigued and non-fatigued survivors using t
tests and univariate logistic regression. Data analyses were
conducted using Statistical Package for Social Sciences
(SPSS) statistical software (Windows Version 17.0), and all
statistical tests were two-sided.

Results

Study population

During the study period, 301 potentially eligible childhood
cancer survivors were asked to complete the measures report-
ed in here; 268 completed these measures and are included in
this analysis (89 % response rate). The 268 participants (129
male; 139 female) had a median age of 21.4 years and median
age at diagnosis of 6.4 years (Table 1). Over 90 % were
<40 years at time of study and 44 % were between the ages
of 12 and 20 years. Mean time since diagnosis was 13.1 years
(range 2–46 years). The primary cancer diagnoses included
leukemia (35.1 %), lymphoma (24.3 %), bone tumor
(9.3 %), and other solid tumors (31.3 %).

Description of fatigue in the sample

Based on comparison with published data for the MSF in
community samples, 37 survivors (13.8 %) were considered
fatigued (MDF score ≥1 standard deviation below means for
non-cancer patients of similar age) which is not statistically
different from the 16 % (43 cases) that would have been ex-
pected based on community sample data [15, 16, 14] for the
MFS (z = −0.727, p = 0.467). As described, study participants
in the lowest quintile on the MFS were classified as fatigued
and compared to all other Bnon-fatigued^ survivors for all
further analyses. A significantly larger proportion of partici-
pants classified as fatigued reported that they often/almost
always Bfelt tired^ (52 vs. 2 %, p < 0.001), sometimes/often/
almost always, Bfelt too tired to do things that they like to do,^
(65 vs. 4 %, p < 0.001), and sometimes/often/almost always

Support Care Cancer (2016) 24:3951–3959 3953



Table 1 Comparison of fatigued and non-fatigued survivors on demographics, cancer history and treatment-related variables

Number Fatigueda # (%)
N = 54

Non-fatigued # (%)
N = 214

p value OR (95 % confidence interval)

Demographic
Gender 268 0.09
Male 129 20 (37.0) 109 (50.9) Ref
Female 139 34 (63.0) 105 (49.1) 1.76 (0.96–3.26)

Ethnicity 268 0.92
Caucasian (not Hispanic) 235 47 (87.0) 188 (87.9) Ref
African American (not Hispanic) 12 3 (5.6) 9 (4.2) 1.33 (0.35–5.12)
Hispanic 8 2 (3.7) 6 (2.8) 1.33 (0.26–6.82)
Other 13 2 (3.7) 11 (5.1) 0.73 (0.16–3.40)

Age at study (years) 268 0.001b

12–15 years 74 11 (20.4) 63 (29.4) Ref
16–19 years 45 2 (3.7) 43 (20.1) 0.27 (0.06–1.26)
20–29 years 83 17 (31.5) 66 (30.8) 1.48 (0.64–3.39)
30–39 years 48 16 (29.6) 32 (15.0) 2.86 (1.19–6.89)
40–49 years 18 8 (14.8) 10 (4.7) 4.58 (1.48–14.17)

Household Income 0.03
$100,000+ 111 15 (27.8) 96 (44.9) Ref
$50,000–99,999 82 24 (44.4) 58 (27.1) 2.65 (1.29–5.46)
$0–49,999 75 15 (27.8) 60 (28.0) 1.60 (0.73–3.51)

Cancer-related
Primary diagnosis 268 0.34
Leukemia 94 18 (33.3) 76 (35.5) Ref
Hodgkin Lymphomas 41 12 (22.2) 29 (13.6) 1.75 (0.75–4.07)
Non-Hodgkin Lymphoma 24 4 (7.4) 20 (9.3) 0.84 (0.26–2.78)
Bone Tumors 25 3 (5.6) 22 (10.3) 0.58 (0.16–2.14)
Soft tissue sarcomas 20 7 (13.0) 13 (6.1) 2.27 (0.79–6.52)
Neuroblastoma 27 3 (5.6) 24 (11.2) 0.53 (0.14–1.95)
Wilms Tumor 20 3 (5.6) 17 (7.9) 0.75 (0.19–2.82)
Other 17 4 (7.4) 13 (6.1) 1.30 (0.38–4.46)

Age at diagnosis (years) 266 0.19
0–4 112 16 (29.6) 96 (45.3) Ref
5–9 53 14 (25.9) 39 (18.4) 2.15 (0.96–4.83)
10–14 55 12 (22.2) 43 (20.3) 1.67 (0.73–3.84)
15+ 46 12 (22.2) 34 (16.0) 2.12 (0.91–4.93)
Time since diagnosis (years) 268 0.02

2–9 80 13 (24.1) 67 (31.3) Ref
10–14 74 10 (18.5) 64 (29.9) 0.81 (0.33–1.97)
15–19 52 12 (22.2) 40 (18.7) 1.55 (0.64–3.72)
20–24 24 6 (11.1) 18 (8.4) 1.72 (0.57–5.15)
25–29 17 3 (5.6) 14 (6.5) 1.10 (0.28–4.39)
30+ 21 10 (18.5) 11 (5.1) 4.69 (1.65–13.29)

Recurrence 268 0.62
No 239 47 (87.0) 192 (89.7) Ref
Yes 29 7 (13.0) 22 (10.3) 1.30 (0.52–3.22)

Chemotherapy 268 0.14
No 29 9 (16.7) 20 (9.3) Ref
Yes 239 45 (83.3) 194 (90.7) 0.52 (0.22–1.21)

Doxorubicin 268 0.09
No 74 20 (37.0) 54 (25.2) Ref
Yes 194 34 (63.0) 160 (74.8) 0.57 (0.31–1.08)

Any Radiation therapy 268 0.34
No 97 16 (29.6) 81 (37.9) Ref
Yes 171 38 (70.4) 133 (62.1) 1.45 (0.76–2.76)

CNS directed radiation therapy 268 0.62
No 184 39 (72.2) 145 (67.8) Ref
Yes 84 15 (27.8) 69 (32.2) 0.81 (0.42–1.57)

Surgery 268 0.90
No 151 30 (55.6) 121 (56.5) Ref
Yes 117 24 (44.4) 93 (43.5) 1.04 (0.57–1.90)

Bone Marrow Transplant 268 1.0
No 235 48 (88.9) 187 (87.4) Ref
Yes 33 6 (11.1) 27 (12.6) 0.87 (0.34–2.22)

Current Health
Number of chronic health conditions 266 <0.001
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Bfelt too tired to spend time with friends,^ (44 vs. 1 %,
p < 0.001) (Table 2). These results support the selection of
the 20 % of participants with the lowest scores on the MSF as
a clinically fatigued sample for further analysis.

Comparison of fatigued and non-fatigued survivors

Univariate logistic regression analyses

The results of the univariate analysis show demographic fac-
tors positively associated with fatigue include age at partici-
pation (p = 0.001) and household income (p = 0.03) (Table 1).
Fatigue was associated with increased age, with fatigued sur-
vivors being more commonly found in the 30–39 years (OR
2.86, 95 % CI 1.19–6.89) and 40–49 years (OR 4.58, 95 % CI
1.48–14.17) age groups. While fatigue was significantly asso-
ciated with an annual family income of $50,000–99,000 (OR
2.65, 95%CI 1.29–5.46), there was no apparent directionality
to this relationship, as fatigue did not appear to be associated
with increasing or decreasing income. Fatigue was not asso-
ciated with gender or ethnicity. Time since diagnosis was

associated with fatigue status (p = 0.02) with being 30 or more
years out from treatment completion significantly associated
with fatigue (OR 4.69, 95 % CI 1.65–13.29). No significant
associations were found between fatigue and any other
treatment-related variables (i.e., cancer diagnosis, age at diag-
nosis, disease recurrence or any of the treatment exposure
variables). However, fatigue was significantly associated with
chronic health conditions with fatigued survivors being six
times more likely to report having three ormore chronic health
conditions compared to non-fatigued survivors (OR 6.13,
95 % CI 2.62–14.37).

Multivariate logistic regression analyses for fatigue

The multivariable logistic regression model with the vari-
ables’ current age, time since diagnosis, income, number of
chronic conditions, and gender (Table 3) found the only var-
iable significant in the final model was the presence of three or
more chronic conditions (OR 4.27, 95 % CI 1.52–11.99). To
explore this association further, we used univariate logistic
regression to examine how chronic medical conditions were

Table 1 (continued)

Number Fatigueda # (%)
N = 54

Non-fatigued # (%)
N = 214

p value OR (95 % confidence interval)

0 107 15 (27.8) 92 (43.4) Ref
1–2 123 21 (38.9) 102 (48.1) 1.26 (0.62–2.59)
3 or more 36 18 (33.3) 18 (8.5) 6.13 2.62–14.37

a Fatigued participants are those who scored in the bottom quintile on the PedsQL MDF scale
b Values presented in italics represent statistically significant p values and odds ratios

Table 2 Comparison of fatigued and non-fatigued survivors on select PedsQL Multidimentional Fatigue Scale questions

Responses to select MSF questions Number Fatigueda # (%)
N = 54

Non-fatigued # (%)
N = 214

p value OR (95 % confidence interval)

I feel Tired 268 <0.001

Never/Almost Never 148 7 (13.0) 141 (65.9) Ref

Sometimes 87 19 (35.2) 68 (31.8) 5.63 (2.26–14.03)

Often/Almost Always 33 28 (51.9) 5 (2.3) 112.8 (33.39–380.99)

I feel too tired to do things that I like to do 268 <0.001

Never/Almost Never 225 19 (35.2) 206 (96.3) Ref

Sometimes 33 25 (46.3) 8 (3.7) 33.89 (13.44–85.40)

Often/Almost Always 10 10 (18.5) 0 (0) c

I feel too tired to spend time with my friends 268 <0.001

Never/Almost Never 241 30 (55.6) 211 (98.6) Ref

Sometimes 21 18 (33.3) 3 (1.4) 42.20 (11.73–151.88)c

Often/Almost Always 6 6 (11.1) 0 (0)

a Fatigued participants are those who scored in the bottom quintile on the PedsQL MDF scale
b Values presented in italics represent statistically significant p values and odds ratios
c Calculation of OR not compatible with empty cell
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associated with age and fatigue status. The number of chronic
conditions reported increased with participant age. The mean
age of participants with no chronic conditions was 20.3 years
(sd = 6.4), with 1–2 chronic conditions 23.7 years (sd = 9.6),
and with ≥3 chronic conditions 32.3 years (sd = 10.0).
Specific participant-reported conditions significantly associat-
ed with fatigue status included cardiac conditions, hepatitis,
gallstones, liver condition, migraines, and thyroid problems
(Table 4).

Fatigue, Mental health and Quality of Life

To examine how quality of life and depression differ between
fatigued and non-fatigued participants we compared the
PedsQL psychosocial health summary and global core scores.
(Table 5). There was a significant difference between fatigued
and non-fatigued participants with fatigued patients reporting
lower psychosocial health summary (OR 0.87, 95 % CI 0.84–
0.90) and global core scores (OR 0.86, 95 % CI 0.82–0.89).
Fatigued participants also reported significantly lower scores
across each of the subscales (physical function, emotional
function, social function, school/work function, and

psychosocial health summary (p < 0.001). These findings sug-
gest that fatigued survivors are more likely to experience de-
creased quality of life compared to non-fatigued survivors.
While fatigued survivors demonstrate significantly more de-
pression compared to non-fatigued patients (20.4 vs. 1.4 %,
respectively, with p < 0.0001); it is notable that 76 % of sur-
vivors with fatigue were not elevated on the BSI-18 depres-
sion scale, suggesting that other factors not measured in this
study likely contribute to fatigue status.

Discussion

Our study found that the prevalence of fatigue in our CCS
sample is not significantly different from age-matched com-
munity sample data. While these results stand in contrast to
studies that have reported increased fatigue in CCS [9], they
fall in line with those showing fatigue prevalence concordant
with control populations [10, 11]. For example, the Childhood
Cancer Survivor Study (CCSS) looked at 1897 adult survivors
(over 18 years) and found they have increased fatigue com-
pared to sibling-matched controls [9]. However, a Dutch study
of 416 CCS ages 16–49 years with variable primary cancer
diagnoses and an American study looking at 161survivors of
acute lymphoblastic leukemia ages 18–41 years each showed
no significant difference in fatigue prevalence in CCS vs. con-
trol populations. [10, 11].

Where most prior studies of fatigue after childhood cancer
have focused on survivors well into adulthood [9–11, 21], our
study sample included many adolescents. In fact, 44 % of our
sample participants fell between the ages of 12 and 19 years,
adding a unique perspective to this work and the opportunity
to characterize fatigue in the adolescent age group. Only one
prior study has examined the role of fatigue in adolescent CCS
(≤17 years) and, like our study, did not find increased fatigue
compared to population-matched controls [22]. It is possible
that our study did not find significant fatigue in CCS given the
younger age of the study population. This seems particularly
plausible since fatigue is associated with increased age in our
sample on univariate statistics suggesting that fatigue in our
CCS cohort may emerge in later adulthood.

Consistent with previous reports [9, 23], fatigue was not
associated with disease-related factors. In addition, we found
no association between fatigue and treatment factors. Over the
past few decades, there has been a significant evolution in
pediatric cancer treatment so that today many therapeutic reg-
imens aim to both treat disease and mitigate late effects by
reducing chemotherapy and radiation exposure. For example,
recognition of significant cardiac morbidity secondary to
anthracyclines led to changes in therapeutic regimens that re-
duce the likelihood of congestive heart failure which can result
in debilitating fatigue. [25] Patients treated more recently,
such as the younger participants in our study population, with

Table 3 Multivariable analysis of covariates with fatigue

Number Odds ratio 95 % CI p value

Gender 268 0.348

Male 129 Ref

Female 139 1.39 0.69–2.81

Age at survey 268 0.183

12–15 years 74 Ref

16–19 years 45 0.27 0.05–1.39

20–29 years 83 1.36 0.54–3.47

30–39 years 48 2.06 0.58–7.27

40–49 years 18 3.68 0.49–27.49

Household income 268 0.143

Less than $49,999 75 1.29 0.52–3.19

$50–99,999 82 2.16 0.98–4.76

$100,000 and greater 111 Ref

Survival time 268 0.61

2–9 years 80 Ref

10–14 years 74 0.83 0.32–2.18

15–19 years 52 1.33 0.45–3.91

20–24 years 24 0.55 0.14–2.15

25–29 years 17 0.34 0.05–2.17

30+ years 21 0.83 0.14–5.16

# Chronic Conditions 266 0.012a

0 107 Ref

1–2 123 1.23 0.55–2.74

3 or more 36 4.27 1.52–11.99

a Values presented in italics represent statistically significant p values and
ORs
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more than 90% treated since 1990, could have a different late-
effect profile compared to earlier studies (i.e., CCSS sample
treated between 1970 and 1986), as suggested in survivorship
research. [24].

We found the presence of three or more chronic conditions
to be significantly associated with fatigue. These results are
consistent with similar findings in an older CCS population
where fatigue status was associated with the presence of
chronic conditions/late effects [10]. The number of chronic
conditions per participant trended towards increasing with
age, suggesting that the full impact of treatment late effects,
including fatigue, may not be fully realized in our young pop-
ulation. While our results show a significant relationship be-
tween increased number of chronic conditions and age, age
itself was not significantly associated with fatigue on multi-
variable analysis as seen in earlier studies. [10, 11] This

suggests that adjusting for chronic conditions in the final mod-
el likely attenuates the age effect. While prior research has
established that CCS carry an increased risk for the develop-
ment of chronic conditions compared to the general popula-
tion, these older data reflect CCS more intensely treated com-
pared to many current regimens [26]. It is quite possible that
our cohort of more recently treated patients will develop fewer
chronic conditions and less fatigue compared to the CCSS
group even as they age. The question of increased risk for
chronic conditions will be assessed through ongoing analysis
of our CCS cohort.

Consistent with previous reports, we found a strong asso-
ciation between fatigue and depression [9, 11, 27, 28]. The
cross-sectional analysis performed creates a challenge in ex-
amining the relationship between depression and fatigue given
its bi-directional nature and variable manifestations in

Table 4 Self-reported late effects/chronic health conditions and association with fatigue. Only conditions with N ≥ 5 were analyzed

Late Effects/Chronic conditions No. (%) Fatigueda # (%) Non-fatigued # (%) p value OR (95 % Confidence interval)

Asthma 55 13 (23.6) 42 (76.4) 0.46 1.29 (0.64–2.62)

Cardiac condition 6 4 (66.7) 2 (33.3) 0.16 8.44b (1.50–47.38)

Cataract 37 6 (16.2) 31 (83.8) 0.66 0.73 (0.29–1.86)

Diabetes 6 3 (50.0) 3 (50.0) 0.99 4.12 (0.81–21.0)

Elevated cholesterol 25 8 (32.0) 17 (68.0) 0.19 2.0 (0.82–4.93)

Epilepsy (seizures) 6 1 (16.7) 5 (83.3) 1.0 0.79 (0.09–6.86)

Gallstones 5 2 (40.0) 3 (60.0) 0.06 6.21 (1.01–38.12)

Hepatitis 6 2 (33.3) 4 (66.7) 0.12 8.44 (1.50–47.38)

Liver condition 7 3 (42.9) 4 (57.1) 0.33 5.60 (1.22–25.82)

Migraines 26 11 (42.3) 15 (57.7) 0.01 3.38 (1.45–7.86)

Osteoporosis 6 2 (33.3) 4 (66.7) 0.35 2.01 (0.26–11.27)

Thyroid problem 46 17 (37.0) 29 (63.0) <0.01 2.92 (1.46–5.84)

a Fatigued participants are those who scored in the bottom quintile on the PedsQL MDF scale
b Values presented in italics represent statistically significant p values and ORs

Table 5 Comparison of fatigued and non-fatigued survivors on mental health and quality of life

Number Fatigueda N = 54 Non-fatigued N = 214 p value OR (95 % Confidence interval)

Mental health # (%) # (%)

Depressed 261 <0.0001b

Yes 14 11 (21.2) 3 (1.4) 18.42 (4.92–68.96)

No 247 41 (78.8) 206 (98.6) Ref

Quality of life Means (SD) Means (SD)

PedsQL Psychosocial Health Summary 268 64.8 (14.9) 87.9 (10.4) <0.001 0.87 (0.84–0.90)

PedsQL Global Core Scale 268 66.4 (14.8) 88.6 (9.2) <0.001 0.86 (0.82–0.89)

Physical function 268 69.3 (20.2) 89.8 (11.8) <0.001 0.93 (0.91–0.95)

Emotional function 268 58.5 (19.4) 86.1 (14.8) <0.001 0.91 (0.89–0.94)

Social function 268 77.5 (21.6) 93.7 (10.0) <0.001 0.93 (0.91–0.96)

School/Work function 268 58.3 (17.6) 84.1 (14.8) <0.001 0.92 (0.89–0.94)

a Fatigued participants are those who scored in the bottom quintile on the PedsQL MDF scale
b Values presented in italics represent statistically significant p values and ORs
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individual people. Recognition of this relationship should
prompt providers caring for CCS to incorporate appropriate
psychosocial evaluation and care in patients reporting fatigue.
Important to recognize is that a notable number of participants
identified as fatigued were not depressed. This is critical to our
understanding of fatigue in this population as it highlights
both the relationship between fatigue and depression as well
as the important distinction between the two conditions. Our
findings also support an association between fatigue and de-
creased quality of life. The fatigued survivors’ physical and
mental health scores were significantly lower compared to
non-fatigued survivors across all sub-domains of the
PedsQL. This is consistent with findings in similar studies
[11, 29], and indicates that fatigued survivors are experiencing
impairment across a full range of quality of life domains.
Therefore, while we found that fatigue is not more prevalent
in CCS compared to same-age peers, the fact that survivors
with fatigue have increased risk for poor QOL and mental
health problems suggests we should focus on identifying fa-
tigued CCS and providing appropriate intervention when
possible.

The study has several limitations including a study popu-
lation drawn from a single clinical site with a specialized
childhood cancer survivorship program and the lack of a con-
trol group. For myriad reasons, not all CCS engage in survi-
vorship care, and a study population comprised of only CCS
that do may not accurately reflect the role of fatigue in the
general CCS population.While we used a validated self-report
measure of fatigue, there is no generally accepted cutoff for
the measure to indicate clinically significant fatigue, which
would have facilitated the categorization of fatigue experi-
enced by survivors into clinical context. Nonetheless, our ap-
proach enabled us to make a general comparison of fatigue
prevalence between our study population and normative data,
as well as identify a group of participants most likely to dem-
onstrate clinically significant fatigue and compare them
against non-fatigued survivors to better understand potential
predictors of fatigue in the survivorship population. Future
studies should explore clinical performance to more accurate-
ly assess fatigue and impact on daily function. The small
numbers in our study and the limitations of self-reported data
restricted our ability to identify significant relationships be-
tween fatigue and specific chronic conditions; however, ex-
ploratory analyses suggest fatigue is associated with cardiac
conditions, liver conditions, migraines, and thyroid problems,
which have been previously described [11]. These relation-
ships are speculatory in nature, and highlight the need for
future research to better understand the connections between
fatigue and specific chronic conditions in CCS.

Despite these limitations, our findings that a cohort of ad-
olescent and predominantly young adult CCS does not dem-
onstrate increased fatigue compared to healthy peers of similar
age are reassuring. The most optimistic interpretation of the

results would suggest that with improvement in cancer thera-
py, CCS will be spared many late effects; including fatigue
and the potential impact clinically significant fatigue may
have on adolescent and adult physical and psychological
health. Unlike prior research, our study includes a substantial
adolescent and young adult population. Given the unique de-
velopmental stages of adolescence and young adulthood, a
time period in which young people begin to set the course
for their personal and professional lives and make life deci-
sions with enduring ramifications, fatigue may potentiate par-
ticularly serious consequences. [12] However, it remains too
early to make definitive conclusions as these data may also
represent an early snapshot of a high-risk group with potential
to develop fatigue over time. Longitudinal studies currently
underway will help us better understand the relationship be-
tween fatigue and specific chronic conditions, thereby facili-
tating early identification of those individuals most at risk.
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