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Abstract

Objectives: Fatigue is a common and persisting symptom after childhood brain injury. This study examined whether
child characteristics and symptomatology preinjury or 6 months postinjury (pain, sleep, and mood, inattention) predicted
fatigue at 12months postinjury. Methods: Parents of 79 children (0-18 years) rated fatigue at 12 months after injury on a
multidimensional scale (general, sleep/rest, and cognitive). Demographic and clinical data were collected at injury.
Parents rated child sleep, pain, physical/motor function, mood, and inattention at injury (preinjury description), and

6 months postinjury. Children were divided into two traumatic brain injury severity groups: mild TBI (n=57) and
moderate/severe TBI (n=27). Hierarchical regression models were used to examine (i) preinjury factors and

(i1) symptoms 6 months postinjury predictive of fatigue (general, sleep/rest, and cognitive) at 12 months postinjury.
Results: Sleep/rest fatigue was predicted by preinjury fatigue (7% of variance) and psychological symptoms preinjury
(10% of variance). General fatigue was predicted by physical/motor symptoms (27%), sleep (10%) and mood symptoms
(9%) 6 months postinjury. Sleep/rest fatigue was predicted by physical/motor symptoms (10%), sleep symptoms

(13%) and mood symptoms (9%) 6 months postinjury. Cognitive fatigue was predicted by physical/motor symptoms
(17%) 6 months postinjury. Conclusions: Preinjury fatigue and psychological functioning identified those at greatest
risk of fatigue 12 months post-TBI. Predictors of specific fatigue domains at 12 months differed across each of the
domains, although consistently included physical/motor function as well as sleep and mood symptoms postinjury.

(JINS, 2018, 24, 224-236)
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INTRODUCTION

Traumatic brain injury (TBI) is a leading cause of childhood
mortality and morbidity, with estimates of 47-280 per
100,000 children affected (Dewan, Mummareddy, Wellons,
& Bonfield, 2016). Child TBI is associated with cognitive,
behavioral, and psychological problems and reduced quality
of life (QOL; Anderson et al., 2012; Catroppa et al., 2015;
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Catroppa, Godfrey, Rosenfeld, Hearps, & Anderson, 2012;
Garcia, Hungerford, & Bagner, 2015). Fatigue is one of the
most challenging and commonly reported symptoms in the
early stages of recovery (Blinman, Houseknecht, Snyder,
Wiebe, & Nance, 2009; Falk, 2013). Published rates of
fatigue range from 11% to 47% (Crichton et al., 2016;
Hooper et al., 2004; Limond, Dorris, & McMillan, 2009). In
other childhood conditions, fatigue is associated with poorer
psychosocial, physical, and school participation, lower QOL,
and is a significant burden on parents (Berrin et al,
2007; Gedaly-Duff, Lee, Nail, Nicholson, & Johnson, 2006;
Gibson, Garnett, Richardson, Edwards, & Sepion, 2005;
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Gold, Mahrer, Yee, & Palermo, 2009; Gordijn et al., 2013;
Meeske, Katz, Palmer, Burwinkle, & Varni, 2004).

Despite the high prevalence of fatigue and its negative
impacts, we know little about the clinical and psychological
underpinnings of these symptoms. Research examining
factors underpinning fatigue post-TBI has been called for
within the adult TBI literature (Mollayeva et al., 2014). In
child TBI, studies are limited and further research is needed
to understand the nature of fatigue and its recovery trajec-
tories after injury.

Fatigue refers to a subjective awareness of a negative
balance between available energy and the mental and physi-
cal requirements of activities (Aaronson et al., 1999). It is
commonly described in neurological disorders (Chaudhuri &
Behan, 2004). Fatigue is multidimensional, although there is
no consensus on the specific number and nature of fatigue
dimensions, although mental and physical domains are
commonly described (Chaudhuri & Behan, 2000; Finsterer &
Mahjoub, 2014; Kluger, Krupp, & Enoka, 2013). Assessment
tools for measure multiple domains of fatigue are available
for use in childhood (Crichton et al., 2016; Crichton, Knight,
Oakley, Babl, & Anderson, 2015). In particular, the Pediatric
Quality of Life Inventory; Multidimensional Fatigue Scale
(PedsQL MFS, Meeske et al., 2004; Varni, Burwinkle,
Katz, Meeske, & Dickinson, 2002) measures three domains
(general, sleep/rest, and cognitive fatigue), supported in
confirmatory factor analysis (Panepinto et al., 2014; Varni,
Beaujean, & Limbers, 2013).

Multiple biological causes of fatigue exist. These include
neuroanatomical, functional, psychological, bio-chemical,
endocrine, and sleep-related causes, occurring independently
or in combination after TBI (Mollayeva et al., 2014). While
biological, psychological, and social factors have all been
considered to exert bidirectional influences on fatigue
(Chaudhuri & Behan, 2000; Elovic, 2003, 2004; Elovic,
Dobrovic, & Fellus, 2007; Elovic et al., 2006), the specific
relationships are yet to be examined in child TBI. The brain
basis to fatigue is poorly understood, although in adults, the
basil ganglia [and hypothalamic-pituitary-adrenal (HPA)
axis] are likely candidates (Chaudhuri & Behan, 2000; for a
review see Elovic et al., 2007). Brain injury may represent a
biological cause of fatigue, although dose-response relation-
ships between fatigue and injury severity are unclear
(Gagner, Landry-Roy, Lainé, & Beauchamp, 2015).

Several adult studies have demonstrated postinjury fatigue
associated with psychological symptoms (depression, pain,
chronic stress), self-reported neurobehavioral impairment
(cognitive, motor, somatic), and reduced QOL (Ashman et al.,
2008; Cantor, Gordon, & Gumber, 2013; Mollayeva et al.,
2014). Ponsford and coworkers (Ponsford, Schonberger, &
Rajaratnam, 2014; Ponsford & Sinclair, 2014) proposed that
fatigue causes anxiety, depression, and daytime sleepiness,
which then further exacerbate fatigue by affecting cognitive
function (inattention). Empirical data provided partial support
for this relationship.

Taking a different approach, based on systematic review of
the literature, Mollayeva et al. (2014) argued that pre- and
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postinjury physical (neurological, non-neurological/pain/
medication) psychological, and physiologic (physical
deconditioning, sleep, diet) factors all contribute to TBI
fatigue. Of note, meta-analysis results provided limited data
to support the significance of these factors. Rather, preinjury
fatigue was a robust predictor of postinjury fatigue (de Leon
et al., 2009; Norrie et al., 2010). Child-specific factors might
additionally contribute to TBI-fatigue in children. Environ-
ment (family socioeconomic status, SES) and developmental
factors (age at injury; Anderson et al., 2001; Dennis, Yeates,
Taylor, & Fletcher, 2007; Spencer-Smith & Anderson,
2011; Taylor, 2010) are potentially important determinants of
outcome after child TBI.

Fatigue in other child health conditions (e.g., cancer)
has been associated with older child age and female sex
(Dampier et al., 2010; Gold et al., 2009; Hinds et al., 2013;
Looman, Thurmes, & O’Conner-Von, 2010; Mears, Taylor,
Jordan, & Binns, 2004; Sumpter, Brunklaus, McWilliam, &
Dorris, 2011; ter Wolbeek, van Doornen, Kavelaars, &
Heijnen, 2008; Viner et al., 2008). Sleep-wake cycle
maturation (Carskadon & Acebo, 2002; Iglowstein, Jenni,
Molinari, & Largo, 2003) may also contribute to fatigue after
child TBL.

To date, these potential causes have not been studied in the
context of child TBI. Several factors identified in adult
models may be relevant to fatigue in child TBI (preinjury
fatigue, sociodemographic factors, mental and physical
health). We postulate that other factors [central nervous
system (CNS) maturation or child age at injury, family SES]
may also contribute to TBI-fatigue in childhood. Following
others (for example Taylor et al., 2008; Yeates et al., 2009)
we examined the contribution of child factors (sex, age at
injury, and SES) to fatigue as a TBI outcome. We adopted a
multi-dimensional approach to understanding the experience
of fatigue after child TBI (Crichton et al., 2016). The relative
contribution of factors identified as significant within bi-
directional (unidimensional) models, might vary with respect
to different aspects of fatigue relevant to multi-dimensional
models.

This study examined predictors of 12-month multi-
dimensional fatigue following child TBI. We examined
preinjury and postinjury (6 month) symptoms predictive of
12-month fatigue. We evaluated whether child factors (age,
sex, and history of medical/neurological illness or learning/
psychological difficulties), SES (parent education), preinjury
fatigue, or symptoms reported preinjury or 6 months post-
injury (sleep, pain, physical/motor difficulties, mood, and
inattention) were predictive of 12-month fatigue, across three
domains (general, sleep/rest, and cognitive fatigue). We
hypothesized that predictors of worse fatigue would include:
child/family factors (younger age at injury/ female sex,
significant clinical history, lower SES), preinjury symptoms
(sleep, pain, motor, cognitive, and mood), and 6-month
symptoms (sleep, pain, motor, cognitive, and mood), over
and above injury severity. A secondary hypothesis was that
the three domains of fatigue would be predicted uniquely by
different factors.
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were more likely to be of non-white race (p <.01). Groups
were otherwise comparable for demographics. The retained
sample comprised more males (84%) than females (16%),
which was representative of the original cohort.

Children were grouped by TBI severity using lowest
in-hospital documented Glasgow Coma Score (GCS,
Teasdale & Jennett, 1974) within 24 hr of admission. GCS
13-15 defined the mild TBI group (n=52), GCS 9-12
defined the moderate TBI group (n =8) and GCS <9 defined
the severe TBI group (n=19). Due to small sample sizes the
moderate/severe groups were combined for analysis (n =27).

Measures

Measures were chosen to be appropriate to the age range of
the study participants. Age range and time point completed
for each measure are summarized in Table 1.

Demographics, injury variables, and preinjury functioning

Pediatric Quality of Life Outcome Score, Multidimensional Fatigue Scale

Pediatric Injury Functional Outcome Scale, Fatigue item

Pediatric Injury Functional Outcome Scale

Pediatric Quality of Life Outcome Score
Brief Infant Toddler Social Emotional Assessment - Inattention item

Adaptive Behaviour Assessment System, Second Edition
Emotional function Strengths and Difficulties Questionnaire

Brief Infant Toddler Social Emotional Assessment

Strengths and Difficulties Questionnaire - Inattention item

Table 1. Measures used for analysis in hierarchical regression models, by domain

(o]
=
=
At recruitment, demographic information (child age at injury, g
sex), socioeconomic status (number of years of education for =
the highest educated parent), GCS, cause of injury, medical =
. . . . o . o
and clinical history were collected using a clinical report 5
form. Clinical history variables included: previous head _ & -
injuries, abnormal development, diagnosed neurological/ £ 2
. . .. . . . S = =
medical/psychological condition or learning difficulties, Slg - = 8
. g = 3
scored as present (1) or absent (0), summed for a total clinical g 2o 3 é 2 g
history score (range, 0-6). AlE = &
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Primary outcome: fatigue

Parents rated multidimensional fatigue at 12-month follow-
up using the PedsQL MFS. The PedsQL MFS includes 18
items that provide ratings across three fatigue dimensions:
general fatigue (lack of physical energy, 6 items), sleep/wake
fatigue (sleep/wake cycle disruption and daytime sleepiness,
6 items), and cognitive fatigue (depleted mental endurance
and attention, 6 items). The PedsQL MFS is designed for use
in children 2-19 years. All children were within this age
range at follow up (n=79). Responses were rated on a
5-point Likert-scale (0, Never a problem to 4, Almost always
a problem). Scores were reversed and transformed to a 0- to
100-point scale. Higher scores indicate fewer symptoms of
fatigue. Reliability, internal consistency, and validity have
been demonstrated in children with a range of health condi-
tions (Dampier et al., 2010; MacAllister et al., 2009; Marcus
et al., 2009; Varni et al., 2006, 2002; Varni, Burwinkle, &
Szer, 2004; Varni, Limbers, Bryant, & Wilson, 2009, 2010)
and TBI (Crichton et al., 2016). Clinically significant fatigue
was defined as 2 SDs above published controls (Panepinto
et al., 2014).

Upon recruitment, parents were asked to describe their
child’s preinjury abilities. Preinjury fatigue was extracted
from the Pediatric Injury Functional Outcome Scale (PIFOS,
Ewing-Cobbs et al., 2014) a 26-item parent interview used to
assess multiple symptoms after child TBI. The PIFOS is
designed for use in children 3-15, although items are rated
relative for age, was considered appropriate for use in our
sample (n =75). The fatigue item is rated: Energy and fatigue
level age-appropriate =1, Mild fatigue/lack of energy with
minimal effort on school or social activities =2, Significant
fatigue/lack of energy with moderate impact on school,
family, or social activities=3, Severe fatigue/lack of
energy =4. The PIFOS has good internal consistency
(e=.90), inter-rater reliability (o« =.90), and correlates with
TBI severity outcome (Ewing-Cobbs et al., 2014).

Health

Sleep, pain, and physical/motor functioning items were
extracted from the PIFOS interview at recruitment (n=75).
Preinjury symptoms were rated using a 4-point Likert-scale
(Age appropriate=1 to Severe difficulties/disability =4).
Responses were dichotomized into presence/absence of
symptoms using pre-defined disability ratings (scores >1
Ewing-Cobbs et al., 2014).

The Pediatric Quality of Life Inventory (PedsQL, Varni
et al., 1999), is a 23-item parent-rated questionnaire used to
measure health related quality of life, completed 6 months
postinjury (n="73). The PedsQL is designed for use in chil-
dren 2—-18; all children were within this age range at 6-month
follow-up. PedsQL sleep, pain, and motor function items
were extracted. Responses were rated on 5-point Likert-scale
from: Never=0, to Almost Always=4. The presence/
absence of symptoms was coded using criteria: 0=, never/
almost never and 1, sometimes/often/almost always. Parent
report has demonstrated acceptable internal consistency
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reliability for group comparisons (x =.88—.90), and associa-
tions with morbidity and illness burden in clinical samples
(Varni, Seid, & Kurtin, 2001).

Psychosocial

Adaptive function. The Adaptive Behavior Assessment
System, Second Edition (ABAS-II, Harrison & Oakland,
2003) provided parent ratings of children’s general adaptive
ability or overall level of day to day functioning relative to
normative data for children 0—18 years (Harrison & Oakland,
2003). Parents rated each skill from: Is not able=0, to
Always or almost always when needed =3. The ABAS-II
was completed at recruitment based on preinjury function
(n="179), and readministered 6 months postinjury (n=67).
General Adaptive Composite (GAC) results were divided
into; (i) intact: at or above age-normative expectations
(scores >85); (ii) mild impairment: one to two standard
deviations below expectations (scores 70-84); (iii) severe
impairment: greater than two standard deviations below
expectations (scores < 69). Reliability studies have provided
evidence of high internal consistency coefficients (>.90),
good test-retest reliability and support for the theoretical
structure (Harrison & Oakland, 2003).

Emotional function. Infants (0- to 3-year-olds). Psycho-
logical data were collected using the Brief Infant Toddler
Social Emotional Assessment (BITSEA) completed at
recruitment (preinjury ratings, n =9) and 6 months postinjury
(n=06). The BITSEA contains 34 parent-report items asses-
sing the presence of emotional problems. Items were rated on
a 3-point scale from: Not true/rarely=1, to Very true/
often = 3. Scores on the “problem” subscale were categorized
into presence or absence of psychological problems at or
above the 75th percentile in a normative sample. These scores
show most potential in screening for psychiatric disorders
(Goodman, Ford, Simmons, Gatward, & Meltzer, 2000;
Goodman, Renfrew, & Mullick, 2000). Internal consistency
has been demonstrated to be good to excellent (o =.80), and
interrater reliability was good to excellent (p=.66) in a
community sample (Goodman, 2001; Karabekiroglu, Briggs-
Gowan, Carter, Rodopman-Arman, & Akbas, 2010).

Children (4- to 18-year-olds). Psychological data were
collected using the Strengths and Difficulties Questionnaire
(SDQ) at recruitment (retrospective preinjury ratings,
n=70), and was readministered 6 months postinjury
(n=61). The SDQ consists of five subscales (emotional
symptoms, conduct problems, hyperactivity, peer problems,
and prosocial), each containing five items rated on a 3-point
scale (from Not True = 0 to Certainly True =3). The SDQ has
demonstrated reliability and validity across studies, with
a confirmed five-factor structure (Stone, Otten, Engels,
Vermulst, & Janssens, 2010).

We used cut-points provided for normal, borderline, and
abnormal to dichotomize the presence (borderline/abnormal)
or absence (normal) of psychological symptoms. To compare
emotional function across age groups, emotional problems
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were rated as present/absent, across ratings of the BITSEA
“problems” or SDQ “emotional symptoms.”

Attention. Parent-rated attention items from the BITSEA
(0- to 3-year-olds) and SDQ (4- to 18-year-olds) provided
measures of inattention at preinjury and 6-month time points
(n as above). Ratings on inattention items; BITSEA item 25
(Briggs-Gowan & Carter, 2006) and SDQ items 15 and 25
(Goodman, 2001) were dichotomized into absence/presence
of difficulties. To compare inattention ratings across age
groups, SDQ and BITSEA items were reverse scored, with
higher scores indicating the presence of inattention difficul-
ties across all ages.

Procedure

The study protocol was approved by the ethics review board
at each institution, and research was completed in accordance
with the Helsinki Declaration. Written informed consent to
participate in the study was obtained during the initial
hospitalization.

At recruitment and during admission, basic child demo-
graphic and family SES data were collected by trained
research assistants or nurses using the clinical report form.
Interviews were completed with parents in which parents
were asked to rate their children’s preinjury functioning
(PIFOS). More detailed information was collected via ques-
tionnaire. Parents returned completed questionnaires
(ABAS-II, SDQ, or BITSEA) by mail within one week of
injury to gather preinjury adaptive function and psychosocial
data. Parents were contacted between 6 and 12 months after
the child’s injury, and the PIFOS was readministered via
phone interview. Adaptive, psychosocial, and health-related
quality of life questionnaires injury (ABAS-II, SDQ, or
BITSEA, PedsQL) were administered by mail at 6 months.
The PedsQL MFS was administered at 12 months by mail.

Analyses

All data were analyzed using Stata IC v14 (StataCorp, 2015).

Development and injury factors

Descriptive statistics were used to examine key demographics,
injury and clinical data. Fisher’s exact tests were used to
examine differences in rates of impairment across health and
psychosocial domains preinjury and at 6 months postinjury
(Figure 1). Chi square analysis was used to examine TBI
severity group differences in fatigue at 12 months postinjury.

Predictors of fatigue

To investigate preinjury and postinjury predictors of fatigue,
we conducted two separate, hierarchical, multiple regres-
sions. They were conducted with each of the three fatigue
domains (sleep/rest, general, cognitive). This allowed us to
include maximal observations in each analysis. Child demo-
graphics (age at injury, sex, SES) were included in Block 1 of
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all models. Bivariate regressions were conducted to deter-
mine which additional explanatory variables were to be car-
ried forward into hierarchical models for Block 2. For the first
regression (Model 1), we explored preinjury factors pre-
dictive of 12-month fatigue. Preinjury variables included
child clinical history score, PIFOS symptom classifications
(sleep, fatigue, pain, and physical/motor), ABAS-II impair-
ment classification, SDQ/BITSEA emotional function and
inattention classification.

For the second regression (Model 2), we explored symptoms
at 6 months as predictors of 12-month fatigue. Six-month
variables were PedsQL symptom classifications (sleep, fatigue,
pain, and physical/motor), ABAS-II impairment classification,
SDQ/BITSEA emotional problems and inattention.

Hierarchical linear regression analyses were then con-
ducted using variables predictive of fatigue at 12 months (at
p <.10). In Block 1, child factors (child age, gender, SES)
and injury severity (mild vs. moderate/severe TBI) were
forced to enter. In Block 2, preinjury or 6-month variables
could enter. R2 change provided the incremental variance
accounted for by each of the preinjury or 6-month predictors.
Descriptive analysis revealed preinjury fatigue to be reported
in one participant, so we tested Block 2 models with and
without preinjury fatigue using likelihood ratio tests. If the
addition of preinjury fatigue to the model resulted in sig-
nificant model improvement, it was retained in the final
model. Tests for multicollinearity were examined, using
variance inflation factor analysis.

Power analysis was conducted for the two models. Using
the total number of possible preinjury variables (11), with a
sample of n="75 assuming power of .80, we were able to
detect an effect of n?=.212 (medium to large effects). The
second set of models included a sample of n =65, and seven
possible predictor variables. At a power of .80 we were able
to detect an effect size of n° =.202 (medium to large). Thus,
there was adequate power (i.e., power > .80) in the two series
of hierarchical models at the moderate to large effect
size level.

RESULTS

Demographic and Injury Factors

There was some variability in the return of 12-month fatigue
data (range, 11.0—-15.5 months; mean = 12.73; SD = 0.88). Of
the study sample, sufficient data were available for inclusion
in hierarchical regression models predicting 12-month fati-
gue from preinjury variables for 75 (of 79) participants
(Model 1). Sufficient data were available for inclusion in
hierarchical models predicting fatigue at 12 months post-
injury from symptoms at 6 months postinjury for 65 (of 79)
participants (Model 2). Demographic and injury factors for
the sample, by injury severity, are described in Table 2.
Mean age across the included sample was 9.74 years
(range, 1.12-16.90 years; median, 10.72 years). As
illustrated in Table 2, the mild TBI group was slightly older at
injury relative to the moderate/severe TBI group, although
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Table 2. Demographic and early injury characteristics of study participants, according to severity of TBI
Mild TBI (n=52) Mod/Severe TBI (n=27)
Characteristic Mean (SD) Range Mean (SD) Range ES
Age at injury (years) 10.70 (4.41) 1.33-16.90 8.66 (5.14) 1.14-15.87 0.43
Age at follow-up (years) 11.73 (4.42) 2.34-17.91 9.72 (5.165) 2.20-16.88 0.43
Time to 6-month follow-up (months) 6.50 (0.46) 5.98-8.02 6.54 (0.98) 5.78-10.68 0.05
Time to 12-month follow-up (months) 12.80 (0.83) 11.86-15.24 12.61 (0.99) 11.00-15.54 -0.19
Highest parental education (years) 14.48 (2.79) 10.00-20.00 14.63 (3.79) 4.00-22.00 -0.05
Clinical history score (total) 0.28 (0.64) 0.00-3.00 0.19 (0.40) 0-1 0.49
ABAS-II (GAC) 102.38 (17.08) 66.00-127.00 99.63 (15.63) 67.00-123.00 0.17
Sex, male n (%) 43 (82.69) 23 (85.19) 1.20
Race, white n (%) 40 (81.63) 19 (73.08) 1.60
Injury
Glasgow Coma Scale* 14.62 (0.57) 13.00-15.00 6.11 (3.45) 3.00-12.00 0.49
Mechanism of injury, n (%)
Motor vehicle accident* 3(.77 16 (59.26) 11.22
Sports/bike/recreation 16 (30.77) 4 (14.81) 0.39
Fall* 27 (48.08) 6 (22.22) 0.31
Other 5(9.62) 4 (14.81) 1.63

Note. ABAS = Adaptive Behavior Assessment System, Second Edition; ES = effect size, Cohen’s d for continuous and odds ratio for categorical.

*p<0.05.

this did not reach significance). Severity groups were com-
parable for race, parental education and sex. Time from injury
to 6- and 12-month assessment did not differ between groups,
#(67)= -0.20, two-tailed p=.84; #77)=0.79; p=.43,
respectively). By definition, the mild TBI group had a higher
mean GCS relative to the moderate/severe TBI group
(M=14.6 vs. 6.1, p<.001). Injuries from motor vehicle
accidents were more common in the moderate/severe TBI
group (p <.001) and injury from falls was more common in
the mild TBI group (p =.03).

Baseline Function

The proportion of children rated by parents as demonstrating
symptoms or impairment preinjury and at 6-month follow-up
are summarized by TBI group in Figure 1. Fisher’s exact tests

Pre-injury (PIFOS, n=79)

revealed fatigue preinjury was comparable between the mild
and moderate/severe groups (1% and 0%, respectively).
Preinjury impairment differed between groups, with more
frequent pain, emotion and inattention in mild TBI (14%,
17%, and 48%) when compared to moderate/severe TBI
(0%, 7%, and 37%, respectively). Fatigue at 6 months was 27%
for the moderate/severe group, and 10% in the mild group,
and differences were nonsignificant. Moderate/severe TBI was
more often associated with symptoms 6 months postinjury in
the physical/motor domain (23%) and inattention (36%) com-
pared to mild TBI (5% and 36%, respectively).

Predictors of Fatigue

PEDSQL MFS scores 12 months postinjury were: total
(M=81.01; SD=16.91; range 22-100), general (M =82.17,

6-months Postinjury (PedsQL, n=65)

I Vi (n=52) Moderate/Severe (n=27) Il Mild (n=43) Moderate/Severe (n=22)
100
80
S 65%*
= 60 —
g 48%
B
g 40 —27% 32% 36% =
= 23%*
5 23%23% 22%
20 _18%,
o 0%* 2% gq 3%3%

Fatigue  Sleep Pain Physical/ Adaptive Emotional Inattention Fatigue Sleep Pain Physical/  Adaptive Emotional Inattention
Difficulties Motor  Function Function (PedsQL Difficulties Motor  Function Function
(severe MES) (severe
impairment) impairment)

Fig. 1. Rates of impairment across fatigue, adaptive, psychosocial, and physical domains (preinjury PIFOS, 6 months postinjury PedsQL).
PIFOS = Pediatric Injury Functional Outcome Scale; PedsQL = Pediatric Quality of Life Inventory; PedsQL MFS =Pediatric Quality of

Life Inventory Multidimensional Fatigue Scale. *p < .05, two-tailed.
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Table 3. Hierarchical regression analysis of preinjury factors predicting fatigue (general, sleep/rest, cognitive) at 12-months postinjury (n="75)

General Sleep/rest Cognitive
B (SE) 2 B (SE) n’ B (SE) n’
Block 1 TBI severity -4.90 4.55 .02 -1.63 4.44 <.01 -8.32 6.04 .03
Age -0.15 0.45 <.01 -0.48 0.44 .02 0.32 0.60 <.01
Sex -13.02 5.56 .07 -8.28 543 .03 -15.44 7.38 .06
SES .20 0.66 <.01 0.22 0.65 <.01 0.40 0.88 <.01
Step R? 0.08 0.04 0.10
Block 2 TBI severity -6.68 4.53 .03 -4.51 4.24 .02
Age -0.18 0.44 <.01 -0.45% 0.42 .02
Sex —11.52%* 5.49 .06 —6.86%* 5.12 .03
SES 0.17 0.65 <.01 0.05 0.61 <.01
Baseline fatigue — — -38.70* 16.73 .07
Baseline emotional function -10.91 5.37 .06 —13.94%%* 5.01 .10
Step R’ 0.14 0.19%
Rchange 0.05* 0.15%*
*p <.05.
#tp < 01.

SD =18.05; range, 29-100), sleep/rest (M =84.76; SD=
17.298; range 33-100), cognitive fatigue (M =76.11; SD =
24.41: range; 0-100). Rates of 12-month fatigue within the
clinical range were 17% (mild TBI) and 19% (moderate/
severe TBI; differences were nonsignificant, p =.89).

General Fatigue

Preinjury emotional function emerged as the only significant
preinjury predictor of general fatigue with those with pre-
existing difficulties experiencing worse 12-month general
fatigue at the bivariate level (p =.03). However, in the com-
bined model, the overall model failed to significantly predict
general fatigue (p =.07).

At 6 months postinjury, several factors, including sleep,
pain, physical/motor function, emotional functioning,
significantly predicted fatigue at the bivariate level (all
p values <.01). Physical/motor function (= -28.62;
p<.001; R*=.27) accounted for most of the unique vari-
ance, with medium effect size. Sleep (p= -11.02; p=.02;
R2=.10) and emotional function (= -10.78%; p=.03;
R*=.9) also contributed significantly independently, with
small and medium effect sizes, respectively. The final model
evidenced significant R* change, and explained 43% of the
variance in 12-month general fatigue (p <.001; Table 4).
Pain at 6 months was nonsignificant in independently pre-
dicting 12-month general fatigue in hierarchical models.

Sleep/Rest Fatigue

Baseline predictors were, preinjury fatigue (f = —-9.39; p =.09)
and emotional function (B= -12.94, p=.01) and these vari-
ables remained predictors in hierarchical analyses (p= -38.7;
p=.02; and Pp=-13.9; p=.007, respectively, Table 3).
Presence of preinjury fatigue or emotional dysfunction
accounted for 10% and 7% of variance, respectively, in
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12-month sleep/rest fatigue. The overall hierarchical model was
significant (p = .02) and accounted for more variance than child
factors (age, sex, SES) and injury alone (p =.004). Likelihood
ratio test results showed that retaining preinjury fatigue in
Block 2 resulted in a statistically significant improvement in
model fit (p =.02), so it was retained in the model. Overall,
preinjury factors drove 19% of the preinjury model of sleep/rest
fatigue (Table 4). Effect sizes were small.

Problems with sleep, physical/motor function, and emo-
tional function 6 months postinjury were predictive of sleep/
rest fatigue in bivariate analyses (all p wvalues <.01).
Hierarchical analyses including these variables accounted for
35% of variance (p <.001). Sleep function at 6 months was a
strong independent predictor explaining 13% (f= -13.72;
p=.007) of the variance in 12-month sleep/rest fatigue,
respectively, with medium effect sizes. Physical/motor and
emotional function also independently contributed to sleep/
rest fatigue, contributing 10% (= -17.44; p=.02) and 9%
(B= -11.68; p=.03) respectively, with medium and small
effect sizes, respectively.

Cognitive Fatigue

No individual preinjury factors significantly contributed to
postinjury fatigue at the bivariate level. Inclusion of Block 1
alone (child factors and injury severity) in the hierarchical
model failed to significantly predict postinjury cognitive
fatigue (p =.12).

Postinjury, sleep, physical/motor function, and emotional
functioning were significant bivariate predictors of 12-month
cognitive fatigue (all p<.05). The hierarchical model
accounted for 38% of variance (p <.001). Only physical/
motor symptoms 6 months postinjury predicted cognitive
fatigue at 12 months postinjury (f= -35.00; p=.001), and
explained 12% of variance and effect size were small/
medium.
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Table 4. Hierarchical regression analysis of symptoms at 6 months predicting fatigue (general, sleep/rest, cognitive) at 12 months postinjury (n = 65)

General Sleep/rest Cognitive
B SE) o’ B S o B SE)

Block 1 TBI severity -5.69 5.03 .02 -4.49 4.94 .01 -10.62 6.87 .04
Age 0.28 0.53 .00 -0.25 0.52 <.01 0.88 0.72 .03
Sex -10.98 6.68 .05 -8.37 6.57 .03 -19.85 9.13 .08
SES 0.40 0.80 .00 0..31 0.79 <.01 0.44 1.10 <.01
Step R’ 0.08 0.04 0.15%

Block 2 TBI severity 2.54 4.10 <.01 0.03 4.50 <.01 0.20 6.80 <.01
Age -0.16 0.41 <.01 -0.71 0.45 .05 0.45 0.66 <.01
Sex -2.44 5.40 <.01 -0.06 5.82 <.01 -9.31 8.49 .02
SES 0.20 .63 .20 0.04 0.69 <.01 -0.05 1.01 <.01
Sleep -11.02* 4.47 .10 —13.72%* 4.92 13 -8.43 6.46 .03
Pain -7.12 4.56 .05 -6.73 7.70 .01
Physical/motor function —28.62%* 6.50 27 —17.44%* 7.06 .10 —34.60%* 10.29 18
Emotion function -10.98* 4.82 .09 -11.68%** 522 .09 -10.86 7.63 .04
Step R? 0.52%%** 0.35%* (0.327%%*
chhange 0.43%%* 0.3 %% 0.37%%*

*p <.05.

#p < 01,

#8p < 001,

DISCUSSION Mindell, Owens, & Carskadon, 1999). Socio-economic status

The aim of this study was to identify preinjury factors and
6 month postinjury symptoms predictive of fatigue
12 months after child TBI. Overall, preinjury or baseline
models that included child demographics and preinjury
functioning were poor predictors of 12-month fatigue, across
all fatigue domains. In contrast, child symptoms at 6 months
were predictive of 12-month fatigue. Specifically, physical/
motor symptoms at 6 months postinjury predicted worse
fatigue across all domains. Other variables were specifically
associated with worse fatigue across three domains.

Baseline Predictors

Our data did not support any strong association between child
variables at injury and fatigue post TBI. This is not consistent
with the existing research conducted in adult TBI that has
documented a relationship between female sex and worse
fatigue. For example, Ponsford and Sinclair (2014) reviewed
the available published studies to examine demographic
factors associated with fatigue, and concluded that female sex
is the variable most clearly linked to worse fatigue. Further-
more, younger age at injury was not predictive of fatigue, so
findings are contrary to the expectation that young age
represents a developmental risk for poor outcome. Older age
was associated with worse sleep/rest fatigue, suggesting older
children suffer greater disturbance of sleep/wake cycles
or increased sleepiness than younger children. Adolescent
sleep difficulties have been reported widely, further high-
lighting the risk for older children in the sleep/rest domain
(Carskadon, Acebo, & Jenni, 2004; Crowley, Acebo, & Cars-
kadon, 2007; Gregory & Sadeh, 2016; Ivanenko, Crabtree, &
Gozal, 2005; Lofthouse, Gilchrist, & Splaingard, 2009;
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was not related to child fatigue in the present study, although
socio-economic status was estimated on highest parent educa-
tion alone. As such, non-significant findings may relate to the
insensitivity of this measure of socio-economic status.

Current data do, however, provide preliminary evidence
for the role of preinjury child emotional functioning
and preinjury fatigue on postinjury fatigue outcome.
Child-specific research demonstrating significant bidirec-
tional associations between mental health and sleep/rest in
nonclinical pediatric samples (Alfano & Gamble, 2009;
Gregory & Sadeh, 2012) suggests that sleep-related fatigue
might be particularly linked to emotional well-being, and
this relationship might be bi-directional. Preinjury mood
impacted on both postinjury general and sleep/rest fatigue,
while preinjury fatigue impacted postinjury sleep/rest
fatigue only. The role of preinjury mood and fatigue on
postinjury fatigue has been established in adult samples (de
Leon et al., 2009; Norrie et al., 2010; Sundstrom et al., 2007).
The current research is novel in documenting this relationship
in pediatric samples, and also with respect to specific fatigue
domains.

Postinjury Predictors

In general, findings confirm the complexity of fatigue after
TBI (Cantor et al., 2013) and suggest that symptoms experi-
enced postinjury (emotional/physical function, pain, and
sleep disturbance) influence fatigue following child TBI
(Ponsford et al., 2014).

This study builds upon previous literature that situates
fatigue in the context of other psychological symptoms after
TBI. There is robust evidence to support a link between mood
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and post-TBI fatigue. Initially, van Zomeren, Brouwer, and
Deelman (1984) proposed the “coping hypothesis” to explain
fatigue as resulting from the need for compensatory effort for
cognitive impairments in information processing speed and
attention. Increased need for effort is proposed to result in
psychological distress by creating an imbalance between per-
ceived demands and available resources (Ponsford et al., 2014).

Further theoretical and empirical work has explored
broader psychological factors associated with fatigue
(Ponsford et al., 2014; Schonberger, Herrberg, & Ponsford,
2014). Although only partially supported by empirical data,
authors suggested there are bidirectional influences between
postinjury fatigue and postinjury anxiety, depression, and
daytime sleepiness, which in turn, exacerbate fatigue by
affecting cognitive functioning (through reduced attention
vigilance). Current data (in general and cognitive fatigue
domains) support the role of mood (but not attention) in
bi-directional models of fatigue after TBI (Ponsford et al.,
2014; Schonberger et al., 2014) and suggest that psycholo-
gical factors also perpetuate child TBI-fatigue.

A novel predictor of 12 months postinjury fatigue was
physical symptoms 6 months after injury. Increased physical/
motor symptomatology 6 months postinjury consistently
predicted 12-month fatigue, across all domains. This finding
concords with an adult study demonstrating fatigue 2-years
postinjury was associated with worse physical/motor out-
comes relative to those with decreased or stable fatigue
(Bushnik, Englander, & Wright, 2008). While child TBI
studies are lacking, recent data from other acquired brain
injuries (multiple sclerosis), reported increased fatigue asso-
ciated with reduced physical activity participation (Grover
et al., 2015). Our study is limited in analysis of the cause of
physical/motor impairment, although these preliminary data
hints at physical activity as an important influence of fatigue.

Symptoms 6 months postinjury may reflect injury-related
sequalae. These symptoms might in turn perpetuate fatigue
symptoms. For example, physical/motor symptoms were
more frequent in the moderate/severe TBI group postinjury,
suggesting these symptoms may result from the initial injury.

Multi-dimensional Fatigue Symptoms

Unique to the present findings are the specificity of predictors
across fatigue domains. General and sleep/rest fatigue were
associated with sleep disturbance and psychological symp-
toms 6 months after injury in addition to physical functioning
postinjury. Cognitive fatigue was associated only with
general physical functioning postinjury. These data suggest
that the mechanisms underpinning fatigue vary depending on
the dimension(s) being assessed. Consequently, assessment
of each fatigue domain is recommended.

Future Directions

Child age at injury and its relationship to fatigue requires
further examination, and greater consideration to specific age
groups. Influencing factors may vary within the age range

https://doi.org/10.1017/51355617717000893 Published online by Cambridge University Press

A. Crichton et al.

examined, for example. Future studies should examine indi-
vidual age groups (infant/toddler, middle childhood, adoles-
cent) to provide a more developmentally sensitive approach.
Longitudinal follow-up after 12 months is also required, as
the full impact early TBI may not become apparent until later
in development (Anderson, Spencer-Smith, & Wood, 2011).

Evidence for fatigue intervention is lacking, yet current data
highlighted several areas of child function that are implicated in
perpetuating TBI-fatigue in childhood. Physical/motor symp-
toms predicted worse fatigue across all domains. The physical/
motor domain may provide an avenue for intervention.
Encouragingly, a recent systematic review of the field (Cantor
et al., 2014) highlighted a study that included adult patients
who suffered TBI and included fitness training as part of
rehabilitation (Hassett et al., 2009). Although fatigue reduction
was not supported by the intervention, participants did not
report significant fatigue preinjury, potentially limiting the
ability to detect positive effects (as noted by Mollayeva et al.,
2014). Intervention studies are yet to be implemented after
child TBI, and findings are pending from a current study that
includes active rehabilitation and a low-intensity exercise pro-
gramme (Reed et al., 2015).

Physical activity may help mitigate an “activity intoler-
ance” cascade, recently proposed as a mechanism for perpe-
tuation of symptoms after mild TBI due to physical
deconditioning (DiFazio, Silverberg, Kirkwood, Bernier, &
Iverson, 2016). Further research is also needed to examine if
strategies to manage sleep difficulties, using behavioral and/
or pharmacotherapeutic interventions (Gordijn et al., 2013),
or established mood interventions in child TBI (Ross, Dorris,
& McMillan, 2011) would ultimately mitigate persisting
fatigue as a result of sleep disturbance. Difficulty sustaining
attention, also known as “vigilance decrement” (Pattyn,
Neyt, Henderickx, & Soetens, 2008), is thought to be asso-
ciated with cognitive fatigue and negatively impacts on an
individual’s QOL by limiting participation in social and
educational activities.

Despite the limited data relating to the significance of
attention in the current study based on screening measures,
and as this may reflect insensitivity of measures, further
neuropsychological and neuroanatomical studies (in parti-
cular, of cortico-striatal networks) would further inform these
potential causal links. Other studies have linked child fatigue
decreased quality of life (Eddy & Cruz, 2007) as well as
reduced participation and school functioning (Carter,
Edwards, Kronenberger, Michalczyk, & Marshall, 1995;
Gold et al., 2009; Meeske et al., 2004) and provide clues to
areas of future intervention research to reduce the impact of
fatigue. At the very least, findings should help inform clinical
practice and identified risk factors should be areas for careful
clinical history taking (particularly of physical function,
sleep, and mood) and monitoring in children with TBL

Limitations

Our current study was adequately powered to detect large
effect sizes. Resultantly, caution should be taken when
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interpreting the nonsignificant findings. Differences between
TBI severity groups preinjury might have contributed to
variance in fatigue postinjury. The distribution of brain injury
by sex was broadly comparable to other TBI samples, how-
ever, ratios of males to females are noted to vary across age in
child TBI. Therefore, these findings are specific to the age
and gender breakdown of our sample. To more accurately
characterize sex based differences in fatigue, replication with
a larger sample is required.

Additional limitations to the study sample include the
disproportionate representation of white relative to non-white
racial groups, and reflect a potential selection bias in the
sample. Therefore, findings have limited generalizability to
participants from non-white racial backgrounds. Socio-
economic status was measured using highest parent educa-
tion, and more robust methods (such as medium income)
should be used in future studies. Findings are also con-
strained by symptom measurement, and reliance on parent-
rated outcome measures. Questionnaire report was chosen as
the preferred method to assess a broad range of domains
while optimizing participant retention. More valid and psy-
chometrically robust measurement methods such as objective
measurement of specific symptoms would complement cur-
rent findings from questionnaire report (e.g., actigraphy for
sleep disturbance and activity). Areas of interest beyond the
scope of the study include pre- and postinjury cardiovascular
health, endocrine problems, infectious diseases, and medi-
cation effects. Interrelationships between sleep, mood, and
fatigue were also not considered in this study, and further
research is required to determine any relationship between
these factors.

CONCLUSION

This research examined predictors of fatigue in children
12 months after TBI. We identified child factors preinjury
symptoms (fatigue and psychological difficulties), and 6-
month symptoms (physical/motor, sleep, and mood) related
to 12-month fatigue. These factors might represent potential
treatable pathways to address fatigue. Future research would
benefit from examining interactions between factors that
perpetuate fatigue after child TBIL
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