
Sleep Problems and Their Relationship to Cognitive
and Behavioral Outcomes in Young Children

with Traumatic Brain Injury

Nicole Shay,1 Keith O. Yeates,2,3 Nicolay C. Walz,4 Terry Stancin,5 H. Gerry Taylor,5

Dean W. Beebe,6 Carolyn T. Caldwell,7 Lauren Krivitzky,8 Amy Cassedy,9,10 and Shari L. Wade11

Abstract

This study examined the effect of traumatic brain injury (TBI) in young children on sleep problems and the relationship of

sleep problems to neuropsychological and psychosocial functioning. Participants were drawn from an ongoing longitudinal

study of injury in young children recruited from 3 to 6 years of age. They constituted three groups: orthopedic injury (OI;

n = 92), complicated mild/moderate TBI (mTBI; n = 55); and severe TBI (sTBI; n = 20). Caregivers completed the Children’s

Sleep Habits Questionnaire (CSHQ), as well as ratings of behavioral adjustment, adaptive functioning, and everyday

executive function at 1, 6, 12, and 18 months postinjury. Retrospective ratings of preinjury sleep and psychosocial func-

tioning were obtained at the initial assessment. Children completed neuropsychological testing at all occasions. Children

with complicated mTBI demonstrated more total sleep problems than children with OI at 6 months postinjury, but not at 12

or 18 months. Children with sTBI displayed more bedtime resistance and shorter sleep duration than those with complicated

mTBI or OI at several occasions. Across groups, total sleep problems predicted more emotional and behavioral problems and

worse everyday executive function as rated by parents across follow-up occasions. In contrast, sleep problems were generally

not related to neuropsychological test performance. The results suggest that young children with TBI demonstrate more sleep

problems than children with injuries not involving the head. Sleep problems, in turn, significantly increase the risk of poor

psychosocial outcomes across time, but are not associated with worse neuropsychological test performance.
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Introduction

Traumatic brain injury (TBI) is the most common cause of

death and acquired disability among children and adolescents

in the United States.1 Children with TBI often demonstrate a va-

riety of physical, cognitive, and behavioral difficulties.2 Sleep

disturbance is one of the more common problems reported after

childhood TBI,3 but has been the focus of relatively little research

to date.4 A variety of mechanisms have been proposed to explain

how TBI might increase the risk for sleep problems, including

physical pain, disrupted neural networks, and emotional trauma.4,5

The existing literature on sleep in childhood TBI is equivocal.

Several studies have shown more sleep disturbance in children

with TBI than in healthy children or in those with orthopedic

injuries (OIs).6–10 Sleep problems have been demonstrated in

children with both mild (mTBI) and more severe TBI (sTBI),

persisting up to 3 years postinjury, as measured by self- and

parent ratings as well as by objective sleep-monitoring measures

(e.g., actigraphy and polysomnography [PSG]).7,10 However,

not all studies have found sleep problems to be associated with

TBI or to be related to injury severity. For instance, Milroy and

colleagues did not find differences in sleep efficiency or total
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duration and number of nighttime awakenings among children

with mTBI, when compared to children with OI.11

Sleep difficulties may affect children’s daytime functioning, in-

cluding cognition and behavior.12 The cognitive deficits displayed by

children with disturbed sleep typically occur within a few specific

domains, including attention, memory, and executive functions.13–17

Children with sleep apnea display deficits in executive functions, with

moderate-to-large effect sizes.18 Deficits in memory related to sleep

deprivation have been less consistent. A recent review found con-

siderable variability in the relationship between sleep-disordered

breathing in children and memory deficits across studies.18 To our

knowledge, no previous study has examined the relationship of sleep

disturbance to cognitive functioning in children with TBI; we cannot

be certain that research involving children with sleep-disordered

breathing or apnea will generalize to those with TBI, for whom the

mechanism of sleep disturbance is quite different.

Sleep problems are also known to be associated with both be-

havioral and emotional problems.19–21 Children with sleep problems

display more symptoms of attention deficit/hyperactivity disorder

than typical peers.15,22 Multiple studies have shown that children with

sleep-disordered breathing, of all severities, demonstrate increased

behavioral deficits.20 Sleep problems not only are related to concur-

rent behavioral and emotional disorders, but also predict such disor-

ders in the future.23 Among children with TBI, sleep problems have

been shown, in a recent study, to predict functional outcomes, in-

cluding adaptive functioning and social participation.10,24

To summarize, previous research indicates that TBI increases

the risk of sleep problems, perhaps regardless of severity of injury.

Sleep has also been found to play a role in the development of

cognitive deficits, specifically in attention, memory, and executive

functions, as well as behavioral difficulties. However, although

studies in adults have linked TBI, sleep disturbance, and cognitive

and behavioral outcomes,25 these links have not been comprehen-

sively investigated in children with TBI. The most comprehensive

previous study, to date, by Tham and colleagues, which also is the

only published study that has included young children with TBI,

limited the assessment of sleep to a single parent-report question

and did not assess cognitive abilities.10

Thus, the aim of the current study was to examine the effect of

TBI in young children on sleep problems and the relationship of

sleep problems to cognitive and psychosocial functioning. We had

three specific hypotheses. First, we predicted that children with TBI

would demonstrate more sleep problems than children with OI not

involving the head and that the increased problems would persist

over time. Second, across both TBI and OI groups, we predicted

that children with more sleep problems would demonstrate greater

cognitive deficits than children with fewer sleep problems. Finally,

among both TBI and OI groups, children with more sleep problems

were expected to demonstrate more emotional and behavioral

problems, poorer everyday executive functioning, and poorer

adaptive functioning than children with fewer sleep problems.

Methods

Participants

Participants were drawn from an ongoing longitudinal study of
injury in young children that recruited children between the ages
of 3 years, 0 months, and 6 years, 11 months who presented to one
of three level 1 trauma centers in Ohio with either a TBI or an OI.
Children with TBI were eligible for participation if they sustained a
closed-head injury that required overnight hospitalization in asso-
ciation with either a Glasgow Coma Scale (GCS)26 score less than

13 or 13–15 with TBI-related brain abnormalities on computed
tomography (CT) or magnetic resonance imaging (MRI). The TBI
group was divided into complicated mild/moderate or severe in-
jury. Complicated mTBI was defined by a lowest postresuscitation
GCS score of either 9–12 or 13–15 with a trauma-related abnor-
mality on either CT or MRI; sTBI was defined by a GCS score equal
to or less than 8. To be included in the OI group, children must have
sustained a bone fracture involving any part of the body other than
the head that resulted in an overnight hospitalization. Further,
children in the OI group could not have had a loss of consciousness
or any other findings suggesting brain injury. Exclusion criteria for
all groups included a primary language in the home other than
English, as well as a history of child abuse, intellectual disability, or
preinjury neurological disorder. We did not exclude children with
TBI who also had other injuries (61% of all TBI participants). A
total of 206 children and their caregivers were enrolled in the larger
longitudinal study (23 sTBI, 64 complicated mTBI, and 119 OI).
Recruitment rates for families who were successfully contacted
were somewhat higher for the TBI group as a whole than for the OI
group (53% vs. 35%). However, participants and nonparticipants
did not differ on sex, race, age at injury, or census-based estimates
of neighborhood income.

Procedure

Participants completed a postacute injury assessment at approxi-
mately 1 month after the initial injury (mean [M], 40.59 days; stan-
dard deviation [SD], 19.99) and follow-up assessments at 6, 12, and
18 months postinjury. Assessments included direct testing of chil-
dren’s cognitive functioning, during which parents were asked to
provide ratings of children’s sleep and behavioral adjustment. At the
postacute assessment, parents were asked to rate preinjury function-
ing retrospectively; they rated concurrent, postinjury functioning at
all other assessments. Cognitive tests were administered following a
fixed order at each assessment. The same cognitive tests were used for
all ages, but parents completed different rating scale forms for chil-
dren 6 years and older versus younger than 6. Attrition was low in the
sTBI (5% at 18 months) and complicated mTBI (15%) groups, but
higher in the OI group (25%). Attrition was not significantly related to
sex, race, or socioeconomic status (SES). Data analyses used mixed
models to capitalize on all available data (see below).

Table 1 presents demographics and injury and medical charac-
teristics for the three groups, based on all participants who had
sleep ratings available at the initial assessment and at least one of
the 6-, 12-, or 18-month follow-up assessments (total n = 167).
Groups did not differ in sex, race, age at injury, census tract median
income, or maternal education. Time between injury and initial
assessment was significantly shorter for the OI group than for the
TBI groups. This difference likely reflected our willingness to ex-
tend recruitment somewhat beyond the desired window (i.e., 3
months postinjury) so as to maximize enrollment of children with
TBI. Groups also differed in their mean New Injury Severity Score
(NISS),27 defined as the sum of the squares of the Abbreviated
Injury Scale (AIS) scores for each child’s three most severely in-
jured body regions. Post-hoc tests indicated higher NISS for the
sTBI and complicated mTBI groups, compared to the OI group.
Groups also differed in mean ‘‘non-head-injury’’ NISS, computed
as the NISS minus the AIS for the head region; severity of injuries
to regions other than the head was higher in the OI group than in the
TBI groups. The mechanism of injury most often involved trans-
portation or falls, consistent with national data on young children.1

Transportation-related injuries were significantly more common in
the TBI groups than in the OI group.

Measures

Sleep. Sleep problems were assessed using the Children’s
Sleep Habits Questionnaire (CSHQ), which is a 33-item measure
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completed by parents that screens for common sleep issues seen in
young children.28 The CSHQ provides scores for eight sleep sub-
scales (i.e., bedtime resistance, sleep-onset delay, sleep duration,
sleep anxiety, night wakings, parasomnias, sleep-disordered
breathing, and daytime sleepiness) and an overall total sleep dis-
turbance score, based on frequency ratings ranging from ‘‘never’’
to ‘‘usually.’’ The CSHQ has shown acceptable reliability and
validity.28 For the purposes of the current study, we focused on the
total sleep disturbance score as the primary outcome, although we
also examined seven of the eight subscales; the sleep-onset delay
subscale was excluded from analysis because it consists of a single
item. The average within-group correlation for the CSHQ total
score ranged from 0.73 to 0.79 across the three postinjury assess-
ments, indicating that the scores were relatively stable across time.

Cognitive functioning. Children completed a battery of cog-
nitive tests to assess overall cognitive ability, language skills,
verbal memory, and executive functions. We chose several mea-
sures for the current article, based on previous reports showing
medium to large effect sizes when comparing the sTBI and OI
groups.29 Specific measures included the Differential Ability
Scales (DAS),30 which was used to derive the General Conceptual
Ability standard score, the NEPSY31 Verbal Fluency and Sentence
Repetition subtests, the DAS Recall of Digits subtest, the Wood-
cock Johnson-III32 Story Recall subtest, and Shape School, which
is a Stroop-like measure designed to assess response inhibition and
cognitive flexibility.33 On Shape School, children are first taught to
name cartoon ‘‘pupils’’ by their shapes or colors. They are then
asked to name the color or shapes of certain pupils according to
learned rules. Conditions include Simple Naming, Inhibition,
Switching, and Both, with the latter involving both inhibition and
set switching. An efficiency score was computed for each condition
by dividing the number correct by completion time. We used the
efficiency score for the Both condition in the current analyses.

Behavioral adjustment. Emotional and behavioral adjust-
ment was assessed using the Child Behavior Checklist (CBCL),
which is a widely used parent rating scale.34,35 Two separate

age-based forms were used, one for 1.5- to 5-year-old children
consisting of 100 items and one for 6- to 18-year-old children
consisting of 112 items. We used total T scores for internalizing and
externalizing behavior problems in this study.

Everyday executive function. Ratings of children’s every-
day executive functions were elicited from parents using the Be-
havior Rating Inventory of Executive Function (BRIEF).36 Two
forms were used, one for children 3–5 years of age, containing 63
items, and one for children 6 years of age, containing 86 items. We
used the General Executive Composite (GEC) standard score in this
study.

Adaptive functioning. Adaptive functioning was assessed
using the Adaptive Behavior Assessment System-Second Edition
(ABAS),37 using separate forms for children through 5 years of age
and 6 or older. We used the Global Adaptive Composite (GAC)
standard score in the current study.

Statistical analyses

Analyses were completed using general linear mixed-model
analysis to assess sleep and cognitive and behavioral outcomes
longitudinally across the postinjury assessments. Mixed-model
analyses have a number of advantages, including the ability to use
data from all participants, even if they do not complete measures at
all time periods, the lack of necessity for equal time periods be-
tween assessments, and the ability to utilize both continuous and
categorical predictors.

Data analyses were conducted using SAS Proc Mixed statistical
software (SAS Institute Inc., Cary, NC) with group (sTBI, compli-
cated mTBI, and OI) included in the models as a categorical pre-
dictor. The initial set of analyses examined sleep problems as the
dependent variable, to test our first hypothesis regarding group
differences in sleep at 6, 12, and 18 months postinjury. In these
analyses, the rating of preinjury sleep problems obtained from
parents at the postacute assessment was treated as a covariate. The
primary analysis focused on the CSHQ total sleep disturbance score,

Table 1. Sample Demographic and Clinical Characteristics

Group

Demographics/characteristics Severe TBI (n = 20) Moderate TBI (n = 55) OI (n = 92)

Age at injury in years, M (SD) 4.75 (0.90) 5.01 (1.19) 5.15 (1.05)
Males, n (%) 15 (75) 32 (58) 47 (51)
Nonwhite race, n (%) 5 (25) 16 (29) 23 (25)
Census tract median family income in dollars, M (SD) 55,391 (16,773) 60,115 (25,010) 63,993 (23,664)
Maternal education, n (%)*
Less than high school 5 (25) 8 (15) 7 (8)
High school degree/GED 9 (45) 22 (40) 32 (35)
Partial college 5 (25) 10 (18) 18 (20)
College graduate or graduate degree 1 (5) 15 (27) 35 (38)
Time since injury to initial assessment in days, M (SD)* 46.00 (24.01) 45.96 (24.03) 34.25 (14.36)
External cause of injury, n (%)*

Transportation 10 (50) 20 (36) 15 (16)
Fall 6 (30) 29 (53) 32 (35)
Other 4 (20) 6 (11) 45 (49)

Lowest GCS score, M (SD)* 3.95 (1.79) 13.44 (2.00) NA
Length of hospitalization stay in days, M (SD)* 11.29 (20.23) 2.46 (1.86) 1.40 (1.12)
NISS total, M (SD)* 13.83 (9.04) 15.28 (7.97) 7.05 (2.71)
NISS non-head-related, M (SD)* 1.44 (2.23) 2.60 (5.52) 7.05 (2.71)

*Group difference significant: p < 0.05.
TBI, traumatic brain injury; OI, orthopedic injury; M, mean; SD, standard deviation; GED, General Education Diploma; GCS, Glasgow Coma Scale;

NISS, New Injury Severity Score; NA, not available.
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but analyses were also conducted for the seven subscale scores.
Analyses included planned, single-degree-of-freedom contrasts
comparing the combined TBI groups to the OI group and the mTBI
group to the sTBI group.

The second set of analyses examined cognitive and behavioral
functioning as dependent variables, with the total sleep distur-
bance score treated as a time-varying covariate, to test our second
and third hypotheses regarding the relationship of sleep to cog-
nitive and behavioral outcomes. A total of 10 analyses were
completed, one for each of the six neuropsychological tests and
one for each of the four behavior rating measures (CBCL Inter-
nalizing, CBCL Externalizing, BRIEF, GEC, ABAS, and GAC).
SES, which was defined in terms of a composite of maternal
education and median income for the census tract in which the
family resided, was treated as a covariate in all analyses, as was
race (white vs. nonwhite); retrospective ratings of preinjury be-
havioral functioning obtained at the postacute assessment were
included as covariates in analyses of behavioral outcomes. A
dummy variable for test or rating scale version was also included
as a covariate in analyses, where appropriate.

Initial models included all interactions involving group, any
covariates, and time since injury. Subjects were considered a ran-
dom effect, so that each subject was initially modeled with inde-
pendent slopes and intercepts with respect to time. After fitting an
initial model, we reduced model complexity to achieve the most
parsimonious model. We followed an iterative process, eliminating
predictors for which the F tests for fixed effects were not signifi-
cant, starting with three-way interactions, and then re-estimating
the model before examining lower-level interactions, and, finally,
main effects. For any significant interaction, all of the main effects
and lower-level interactions upon which the significant interaction
was based were retained in the model.

Results

Group differences in sleep

The CSHQ total sleep problems score was significantly higher

among children with TBI, as reflected in a significant main effect

for group (F(2, 207) = 3.71; p = 0.026), although the magnitude of

group differences varied over time, as reflected in a significant

group · time interaction (F(2, 105) = 4.93; p = 0.009; see Fig. 1).

The planned contrast between the combined TBI groups and the

OI group was marginally significant at 6 months postinjury

(t(274) = 1.78; p = 0.077; Cohen’s d = .22), but not significant at

12 or 18 months. None of the contrasts comparing the mTBI and

sTBI groups was significant for the total sleep problems score.

Post-hoc analyses showed that parents of children with compli-

cated mTBI reported significantly more sleep problems at 6

months than they did for the OI group (t(303) = 2.39; p = 0.017;

Cohen’s d = 0.29). The difference between the sTBI group and the

OI group at 6 months was of a similar magnitude, but not statis-

tically significant (t(353) = 1.32; p = 0.187; Cohen’s d = 0.27); this

likely reflects the smaller sample size and larger standard error

among the sTBI group, compared to the complicated mTBI and

OI groups.

Analyses of the CSHQ subscales (see Table 2) revealed a sig-

nificant group · time interaction for parasomnias (F(2, 158) = 3.28;

p = 0.040) and a trend toward a significant group · time interaction

for bedtime resistance (F(2, 162) = 2.89; p = 0.059). For para-

somnias, none of the planned contrasts between the combined TBI

groups and the OI group or between the mild/moderate and severe

TBI groups were significant. For bedtime resistance, the planned

FIG. 1. Total sleep disturbance by group across time (estimated mean and standard error). CSHQ, Children’s Sleep Habits Ques-
tionnaire; TBI, traumatic brain injury; OI, orthopedic injury.
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contrast between the combined TBI groups and the OI group was

marginally significant at 6 months postinjury (t(283) = 1.67;

p = 0.096; Cohen’s d = 0.19), but not significant at 12 or 18 months.

The sTBI group had significantly higher bedtime resistance than the

mTBI group at 6 (t(286) = 2.14; p = 0.033; Cohen’s d = 0.40), 12

(t(158) = 2.85; p = 0.005; Cohen’s d = 0.44), and 18 months

(t(259) = 2.50; p = 0.013; Cohen’s d = 0.44). Moreover, post-hoc

analyses showed that the sTBI group had significantly higher rat-

ings for bedtime resistance than the OI group at the 6-month as-

sessment (t(383) = 2.69; p = 0.008; Cohen’s d = 0.51). Neither the

group main effect nor the group · time interaction was significant

for the remaining subscales (sleep duration, sleep anxiety, night

wakings, sleep-disordered breathing, and daytime sleepiness).

However, planned contrasts showed that the combined TBI groups

had significantly shorter sleep duration than the OI group at 6

(t(326) = 2.35; p = 0.035; Cohen’s d = 0.27) and 12 months

(t(171) = 2.20; p = 0.029; Cohen’s d = 0.22). Moreover, the sTBI

group had significantly shorter sleep duration than the mTBI group

at 18 months (t(310) = 2.35; p = 0.019; Cohen’s d = 0.49).

Sleep and cognitive functioning

Analyses generally failed to reveal significant relationships be-

tween sleep disturbance and neuropsychological test performance,

with the possible exception of the Shape School task. A three-way

interaction involving group, sleep disturbance, and time since injury

on the Shape School task approached significance (F(2, 174) = 3.15;

p = 0.054). Follow-up analyses revealed that children in the sTBI

group who also experienced a higher level of sleep disturbance (as

estimated at 1 SD above the overall group mean) performed sig-

nificantly more poorly than all other groups at 6 and 12 months

postinjury, but by 18 months, all children with sTBI performed

below the other two groups, irrespective of level of sleep distur-

bance (see Fig. 2).

Table 2. CSHQ Subscale Estimated Means and Standard Errors by Group and Assessment Occasion

OI Moderate TBI Severe TBI

6 months 12 months 18 months 6 months 12 months 18 months 6 months 12 months 18 months

Sleep duration 3.59 (0.10) 3.88 (0.11) 3.61 (0.11) 3.92 (0.14) 3.80 (0.14) 3.55 (0.14) 4.04 (0.26) 4.38 (0.24) 4.05 (0.23)
Sleep anxiety 5.62 (0.16) 5.64 (0.17) 5.46 (0.17) 5.66 (0.21) 5.71 (0.21) 5.41 (0.21) 6.06 (0.38) 5.57 (0.36) 5.39 (0.35)
Night waking 4.07 (0.12) 4.05 (0.12) 3.91 (0.12) 4.34 (0.16) 3.95 (0.16) 3.93 (0.16) 4.14 (0.30) 4.09 (0.26) 3.53 (0.26)
Sleep-disordered

breathing
3.42 (0.07) 3.46 (0.08) 3.53 (0.08) 3.41 (0.10) 3.43 (0.10) 3.45 (0.10) 3.56 (0.18) 3.64 (0.17) 3.46 (0.17)

Daytime
sleepiness

12.95 (0.26) 13.16 (0.28) 12.90 (0.28) 13.58 (0.36) 12.76 (0.36) 12.72 (0.37) 12.66 (0.66) 12.79 (0.61) 12.59 (0.60)

Parasomnias 8.80 (0.14) 8.84 (0.15) 8.63 (0.15) 9.21 (0.19) 8.79 (0.19) 8.77 (0.19) 9.19 (0.36) 9.09 (0.33) 8.10 (0.32)
Bedtime

resistance
8.12 (0.18) 8.13 (0.19) 8.03 (0.19) 8.16 (0.24) 7.62 (0.24) 7.23 (0.25) 9.44 (0.46) 8.94 (0.43) 8.62 (0.41)

CSHQ, Children’s Sleep Habits Questionnaire;TBI, traumatic brain injury; OI, orthopedic injury.

FIG. 2. Shape school performance by group and level of sleep disturbance (estimated mean and standard error). Means were estimated
at +1 and -1 standard deviation above the overall group mean for CSHQ total sleep disturbance score. CSHQ total score was treated as
a time-varying covariate. CSHQ, Children’s Sleep Habits Questionnaire; TBI, traumatic brain injury; OI, orthopedic injury.
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Sleep and psychosocial functioning

Sleep disturbance was not related to adaptive functioning, as

rated on the ABAS. However, sleep disturbance was positively

related to emotional and behavioral problems, as rated on the

CBCL, as well as to deficits in everyday executive function, as rated

on the BRIEF. The relationships held across both groups; no

group · sleep interactions were significant. Specifically, children

with greater sleep disturbance were rated as displaying more in-

ternalizing problems, irrespective of group (F(1, 377) = 7.81;

p = 0.006). Similarly, children with greater sleep problems were

also rated as exhibiting more externalizing problems (F(1,

374) = 14.30; p = 0.0002). Parents also rated children with more

sleep problems as demonstrating greater executive function im-

pairments (F(1, 263) = 6.88; p = 0.009). The average within-group

correlation between the CSHQ total score and the CBCL problem

scores at each assessment ranged from 0.28 to 0.55. The average

within-group correlation between the CSHQ total score and the

BRIEF total score at each assessment ranged from 0.38 to 0.42.

Discussion

In support of our first hypothesis, children with TBI showed

more sleep problems than children with OI. Children with a com-

plicated mTBI demonstrated increased total sleep problem scores 6

months postinjury, compared to children who experienced an OI;

children with sTBI also demonstrated more sleep problems than

children with OI at 6 months, but the difference was not statistically

significant, likely because of the smaller size of the sTBI group. In

contrast, at 12 and 18 months postinjury, neither TBI group in the

current study demonstrated a significant increase in overall sleep

problems, relative to the OI group. However, the sTBI group

showed significantly greater bedtime resistance, as compared to the

complicated mTBI group at all occasions, and to the OI group at 6

months. The combined TBI groups showed shorter sleep duration

than the OI group at 6 and 12 months, and the sTBI group displayed

significantly shorter sleep duration than the complicated mTBI

group at 18 months. Although the clinical significance of the

findings is uncertain, given the modest size of the group differ-

ences, the results are consistent with previous research document-

ing increased sleep problems after pediatric TBI up to 3 years

postinjury.6,9,10 The relationship of sleep problems to TBI severity

was not entirely clear, however, and further research is needed to

determine the pathophysiological mechanisms that account for

increased sleep disturbance after TBI.

Contrary to our second hypothesis, we found little support for a

relationship between sleep problems and neuropsychological def-

icits. One possible exception was found involving the Shape School

task. On that task, children with sTBI who experienced a higher

level of sleep disturbance performed worse than all other children

on the Shape School task at both 6 and 12 months postinjury. By 18

months, the effect of sleep disturbance as a moderator of outcome

among the sTBI group was no longer apparent. Thus, children who

experience sleep problems in association with a sTBI may be at

greater risk for difficulties with executive functions, at least during

the first year postinjury. However, this finding must be regarded

cautiously, given both that the interaction was only marginally

significant and that sleep problems were not associated with scores

on other individually administered tests of overall cognitive ability,

language skills, or verbal memory in this age range.

Our third hypothesis was supported by evidence that children

who experience more sleep problems are at an increased risk for

internalizing and externalizing problems, as well as for deficits in

everyday executive functions. These findings are consistent with a

recent study showing that sleep problems in children with TBI

predict deficits in everyday functioning, as reflected in deficits in

certain aspects of adaptive functioning and social participation.10

More broadly, the findings are consistent with an extensive body of

literature that documents behavioral and functional consequences

of sleep problems in children.12,18,38 Indeed, the current findings

held true for both the TBI and OI groups, suggesting that sleep

problems likely have effects on psychosocial functioning inde-

pendent of TBI.

A major limitation of the current study is the reliance on parent

report of sleep disturbance. A related limitation is that parents were

asked to retrospectively recall their child’s sleep status before in-

jury; their ratings may have been biased by the children’s acute

postinjury outcomes. Future longitudinal studies that prospectively

recruit children with TBI and OI should consider assessing pre-

injury sleep problems at the time of admission to the hospital, rather

than relying on retrospective ratings made longer after the injury.

Incorporation of objective measures of sleep disturbance, such as

PSG and actigraphy, in addition to parent-report measures, would

also be useful.7,9,11

Another limitation of the study pertains to the measurement of

sleep disturbance. Although the CSHQ has been validated in sev-

eral different populations, it is not necessarily predictive of specific

sleep disorders.39,40 Notably, this limitation extends to virtually all

current questionnaires and rating scales designed to assess sleep

problems. A related limitation is the reliance on parent report of

emotional and behavioral functioning and everyday executive

function, introducing shared rater variance into the assessment of

sleep and functional outcomes. Finally, the CBCL Internalizing

scale includes several sleep-related items, so the relationship of the

CSHQ to the CBCL Internalizing scale is somewhat confounded by

overlapping content.

Further limitations include the difficulty of assessing neu-

ropsychological deficits in preschoolers. The young age of the

children in the study may have precluded the detection of subtle

differences as a function of sleep problems, given the relative in-

sensitivity of neuropsychological measures at that age.18 The pro-

cess of standardized, one-on-one cognitive assessment may also

compensate for sleep-related deficits in sustained attention, moti-

vation, or emotion regulation that are more evident in less-structured,

real-world settings.12,18 On the other hand, we have previously

demonstrated significant differences on these tests as a function of

TBI itself, suggesting that the tests are sensitive to significant

disruptions in cognitive abilities, at least those associated with

brain trauma.29,41

Despite these limitations, the current study provides support for

the notion that sleep problems occur more often after TBI than after

other injuries, and that sleep problems are related to the day-to-day

functioning of young children. The findings have important clinical

implications, the most important being that a thorough evaluation

of young children with TBI should include screening questions

about sleep disturbance. If sleep problems are reported, more de-

tailed assessment can be conducted, including objective measures

collected in a sleep laboratory, to facilitate the diagnosis of specific

sleep disorders.4 Sleep disruption could potentially hamper both

school performance and psychosocial adjustment in young children.

However, many sleep problems are treatable, with the preponder-

ance of evidence supporting behavioral and cognitive-behavioral

interventions, and the successful treatment of sleep disorders after

TBI will likely yield demonstrable improvements in children’s daily

functioning.38
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