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Abstract

Sleep disturbance after mild traumatic brain injury (mTBI) is commonly reported as debilitating and persistent. However,
the nature of this disturbance is poorly understood. This study sought to characterize sleep after mTBI compared with a
control group. A cross-sectional matched case control design was used. Thirty-three persons with recent mTBI (1-6
months ago) and 33 age, sex, and ethnicity matched controls completed established questionnaires of sleep quality,
quantity, timing, and sleep-related daytime impairment. The mTBI participants were compared with an independent
sample of close-matched controls (CMCs; n=33) to allow partial internal replication. Compared with controls, persons
with mTBI reported significantly greater sleep disturbance, more severe insomnia symptoms, a longer duration of wake
after sleep onset, and greater sleep-related impairment (all medium to large effects, Cohen’s d>0.5). No differences were
found in sleep quantity, timing, sleep onset latency, sleep efficiency, or daytime sleepiness. All findings except a measure
of sleep timing (i.e., sleep midpoint) were replicated for CMCs. These results indicate a difference in the magnitude and
nature of perceived sleep disturbance after mTBI compared with controls, where persons with mTBI report poorer sleep
quality and greater sleep-related impairment. Sleep quantity and timing did not differ between the groups. These pre-
liminary findings should guide the provision of clearer advice to patients about the aspects of their sleep that may change

after mTBI and could inform treatment selection.
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Introduction

S LEEP DISTURBANCE is a common complaint in mild, moderate,
and severe traumatic brain injury (TBD)."? A recent meta-
analysis of 21 studies examining the prevalence of sleep distur-
bance after TBI found that an average of 50% of persons post-TBI
experienced some type of sleep disturbance.’ Sleep complaints are
particularly prominent after mild TBI (mTBI), and are described by
patients as one of the most debilitating post-injury symptoms.®

The significance of sleep complaints after mTBI is not well
understood. Although the base rate of such complaints is high in the
general population,” it is possible that when they occur after mTBI,
they indicate sleep disturbance sufficient to worsen physical and
mental recovery.”™ For example, sleep disturbance could: con-
tribute to or exacerbate comorbid conditions such as depression,
fatigue and pain'*”; worsen recovery because the normal restorative
and recuperative functions of sleep are disrupted?; interfere directly
with rehabilitation’; or signal ongoing disruption of neurophysio-
logical processes.®'*!! It is possible that sleep disturbance before
the TBI is also a contributor to poor outcome by increasing vul-
nerability or reducing recovery capacity.

It has been acknowledged that the term “‘sleep disturbance’ is
poorly defined in the TBI literature." Some studies use the term
sleep disturbance to indicate disruption to any one aspect of sleep,
such as sleep duration,® while others use it to indicate the presence
of clinical sleep disorders.'> Although it is possible to identify
specific types of sleep disturbance and to determine whether dis-
order thresholds are breached, many mTBI studies do not report
these details, and there is significant variation in the reporting of
sleep characteristics.” As such, drawing conclusions from the ex-
isting published studies of sleep disturbance and mTBI is difficult
and must be done cautiously.

Many of the previous sleep and TBI studies have important
limitations." These limitations include: failing to include a control
group when one is required; using a mixed severity TBI sample or
failing to identify/explain/use standard diagnostic criteria; recruit-
ing patients with TBI from sleep disorder treatment settings, which
may introduce a selection bias; or, failing to control or restrict the
time since injury meaning that acute and chronic presentations are
confounded. Further, there is significant variation in the use of
outcome measures, making comparisons across studies difficult,
and although most studies have used subjective sleep measures
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(questionnaires), in some cases, this has been suboptimal (e.g., the
use of a single, potentially confounded questionnaire item, such as
““difficulty falling or staying asleep”).'> A summary of the past liter-
ature in this area is shown in Table 1. Table 1 illustrates the findings
from these previous studies and highlights methodological variations.

Very few past TBI studies have examined more than two facets
of sleep. As Table 1 shows, sleep quality is the most commonly
investigated facet of subjective sleep after mTBI, and most studies
suggest that this worsens after the injury. There are several facets of
sleep that can be differentiated to allow for better characterization
of the patient experience. This characterization is important to as-
sist with the identification of etiology and to guide treatment to
improve sleep. Sleep disturbance can affect sleep quality, quantity,
or the timing of sleep, and it can also be inferred from the presence
of daytime impairment (e.g., excessive daytime sleepiness).

The purpose of this study was to characterize four facets of sleep
(sleep quality, quantity, timing, and daytime impairment) in a
sample with mTBI and matched controls. A better understanding of
sleep disturbance after mTBI may help determine which, if any,
interventions are indicated in this population. Sleep disturbance is
often treatable, despite its initial cause,'* and treating sleep com-
plaints may help improve outcomes such as neuropsychological
functioning in persons with mTBI.” Based on previous research, it
was predicted that persons who had sustained an mTBI would re-
port (1) poorer subjective sleep quality; (2) longer sleep onset la-
tency (SOL); (3) increased wake after sleep onset (WASO), (4)
poorer sleep efficiency, and (5) would experience more severe in-
somnia symptoms than would controls. It was also expected that
habitual sleep duration would be reduced after mTBI compared
with controls. No differences in sleep timing (i.e., habitual bedtime
and waketime and bedtime and waketime stability) and no differ-
ences in daytime impairment (sleep-related impairment or daytime
sleepiness) were expected, as neither circadian rhythm disorders
nor increased subjective report of sleepiness after mTBI have been
consistently demonstrated.

Methods
Participants

Recruitment and screening. Undergraduate students from
Queensland University of Technology and members of the general
community were recruited via snowball sampling (e-mail and flyer
advertisements that encouraged participants to forward the study
information to others). People aged 17 years and older were invited
to participate if they had: experienced an mTBI between 1 and 6
months ago or had no history of mTBI. A total of 41 people who had
recently sustained an mTBI and 223 people with no history of
mTBI had valid data (N=264).

Twenty-six participants were removed because they failed the
exclusion criteria (n=_8/41 mTBI, n=18/223 controls). These criteria
excluded participants who (a) had sought treatment in the last 12
months for a mental/intellectual impairment (e.g., severe brain injury,
seizures, or other neurological problems) or a psychological/psychi-
atric disorder (e.g., depression: n=12; three persons with mTBI); (b)
had a current self-reported sleep disorder (i.e., narcolepsy, sleep ap-
nea, or “‘other””: n = 10; three persons with mTBI); or (c) failed two or
more instructional manipulation checks for indiscriminate responding
(n=1 control). An additional three participants were excluded on
multiple criteria: one control participant was excluded based on cri-
teria 2 and 3, and two participants with mTBI were excluded for
failing criteria 1 and 2, or all three criteria, respectively.

mTBIl sample. After screening, the mTBI sample consisted of
33 participants (19 female), aged 17-41 years (Mean [M]=22.25,
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standard deviation [SD]=5.72). The primary cause of the mTBI
was sport-related (n=22), followed by: a fall (n=8), a motor ve-
hicle accident (n=1), an assault (n=1) or “other” (not specified;
n=1). Although 22 persons sustained a sport-related mTBI and
the majority of the sample were students, this study did not specifi-
cally recruit ““college athletes.” Fourteen participants reported ex-
periencing a previous ‘‘concussion’” (number of concussions
range =2-5,M=3.3, SD=1.16, n=10; missing n=4). Eight persons
had current pain from the injury, where the average severity of pain
was 2.85 on a 1-10 scale (range=1-8; M=3.92; SD=2.23; n=12).

Participants self-reported experiencing an mTBI based on the
following statement adapted from the World Health Organization’s
operational definition of mTBI'3:

These statements will ask you about any concussion you may have
had. By ’concussion’ we mean an acute brain injury resulting from
mechanical energy to the head from external physical forces. Con-
cussion can result from things like playing sports, motor vehicle
accidents, assaults and falls. Symptoms include at least one of the
following: Confusion or disorientation (e.g., not knowing where you
are or what day it is); Loss of consciousness for 30 min or less; Being
unable to remember events that occurred after the blow to the head
for less than 24 h. Please indicate if and when you have experienced
a concussion according to the above definition (we are interested in
your most recent concussion).

Matched controls. Thirty-three participants were selected
from the pool of 205 respondents with no history of mTBI. Case-
control studies and individual matching are a means of decreasing
bias from known confounds,m*18 and this method has been used
previously in TBI research on sleep.'®2° Control participants were
selected using the Matchlt optimal matching package from the
statistical software program, R (Version 2.15.2).2! This process
finds the best possible fit of controls to cases by minimizing an
overall distance measure, based on the chosen covariates. Three
covariates were used: sex, age (within 5 years), and ethnicity
(Caucasian, non-Caucasian). This process resulted in the identifi-
cation of one control for each case that was matched on age (except
one case with missing age), sex, and ethnicity.

Close-matched controls (CMCs). Using the same optimal
matching process, a second independent sample (7 =33) was drawn
from the remaining pool of 172 respondents with a negative history
of mTBI. This pool was less optimally matched to mTBI cases than
the control sample. The CMC group was drawn to allow a further
test of the hypotheses via partial internal replication. This approach
has been used previously,?” and it is consistent with recent rec-
ommendations that strongly encourage the use of replication.***
Where possible, CMCs were matched within 5 years of age. Six
participants had a greater than 5-year age difference between case
and controls. Of these six participants, three were not a match on
ethnicity, and one was not a match on sex. One case with missing
age was matched only on sex and ethnicity.

The demographic characteristics of all three groups are shown in
Table 2. Between-groups comparisons (mTBI vs. controls, mTBI
vs. CMCs) generally revealed no significant differences on key
background variables, including self-reported stimulant/sedative
use and feelings of depression or anxiety. The one exception was a
group difference on the number of nights of sleep disturbed by pain
(mTBI> controls; mTBI>CMCs).

Measures

Sleep quality

Patient-Reported Outcomes Information System (PRO-
MIS) Sleep Disturbance-Short Form 8b, Version 1.0 (PRO-
MIS8b)?°. The PROMISSD sleep scale is part of a relatively new



(panuuod)

'S[O1U0D

uey) sepyoom JuLmnp
sdeu 103uo] pue Suryem
191e] ‘gS Jo100d pojrodar
dnoi3 1g, ‘ssourdoors
JwnAep ur sdnois usomiaq
QOUQIQYJIP JUBOYIUIIS

ON ‘(roud sypuu ¢)
s[onuod ym paredwod
‘Kmfunsod o3 axd

woyy Jurwm pue (TOS %

"IOpIOSIp oLneryoAsd

10 Amfur peay snoraaxd
‘SN QAIIBPIS “IOPIOSIP
dogrs Ainfur-axd
‘sypuour g Ise[ yIom
JIYS ‘syuowl ¢ Ise|

Ul QUOZ dWIN | < [9ARI)
‘ysti3uy juaroyjnsut

OSV M pasearour) Kjenb QIreuuonsan() ‘asn uoneorpowr doors S[OIU0d
doars 11oy) 03 93ueyd dogl§ [eloudn 0cz=Mn) BLIDILIO UOISN[OXH payoew ¢9
arow Apueoyrusis pajrodar ‘SSH ‘Arerp ayem Surury, skep -o8reyosip [eydsoy 1o)e + sjuoned 900T
dnoi3 1g, -modai-fjag -doo[S todau-fjag Airend) ¥611-0C SYeom 7 PIINIOdY ‘ON QIOAIS-PIIA 191 €9  “[B 19 [[921ed €9
'S[OIIU0D ‘uonIpuod drmeryoAsd
pue [g.1 ueamioq Jurwr 10 Kinfur peay snoraaxd
URIPEOIID UI QOUIJJIP ‘YsTSug JuAroyInsur
JUBOYIUSIS ON 24179290 ‘asn 9AIepas
‘OHIN uo adKy S[I0M PIYS ‘syjuow
ueIpedard 10 ‘(Arerp doors) € ISe[ Ul QUOZ dw) | <
sdnoi3 usomioq sourn [oA®D) ‘TING Ayifeayun
9YeM/Paq UT SOOUIAJJIP ON ‘s1opIostp doars
‘(roud syjuowr ¢) [onuoOd | Amfur-a1d jo swojdwAs
yim paredwos Kinfur-ysod uruoje[owt BLIQILIO UOISN[OXH S[0NU0D
0} -a1d woiy (19)e[/I21[Ied) AIeAT[RS 24112290 ‘Jun uoneIqeyar payorewr (]
Qwnpaq 03 a3ueyd partodax Kreip doors skep ur juounurodde moraax + syuened S00¢
syuened gL L -Moda.-fjag QAN -Hodaa-fjag Surwrg, y611—¥L QUIINOI T8 PAIINIOAY "ON QIQAIS-PIIN 19.L 01 “Ie 19 9[991S IS
TdL
QI0AQS UBY) SOUBRQINISIP
dagrs oyroads azow pue
Amuenb 19110ys Aypenb
doors aAnOalqns asiom
Apueoygrudis partodar
19w “(Amflur 9ours awn
1o ‘uorssaidop ‘uonedni
‘ured a1ow Suraey
JO 9snedaq 10U) [, Q1A -asn uonesipowr dooys
-9JeIopoW UBY) 20UBQINISIP 1BIIONIO UOISN[OXF
dog[s azowr payodar 1g], ‘Jun dnoi3 +002
pru ‘eoueqrmsip doa[s UoT)BII[IqeYaI 0INJU Je [01U0d ON “Ie 19
payiodar o4/ ¢ :i0dai-fjog 10Sd ‘HModa.-fjag Ayend) Ieok 1> syuanedino pojnIddYy "ON ARAdS-pIN - siuened T4 L8 poowyeA 8
s3upuif a2 L3oj0poyropy 102dsp Lanfun ¢ 2]dups 3uyaas 142498 191 a1dung {pmg ou
daalg 20U1S Uil ] Juaupa.Ly daa)g d0f K1142428 Joy
Lmluy

AdAIO TVOIDOTONOIHD) NI SLTNAY NI AININ] NIVIYF OILLVINNVA ], NI HONVIINLSI(J dd941S 40 HOAVHSHY 40 AIVINNNS [ 14V ],

476



(panu1juod)

‘Aroanoadsonar Kinfur
-a1d 01 -3sod Jurredwoo
sjuedronred g,

"PaqLIOSap
JOU (BLISILID UOISN[OXH

Kq payodar Surwn dog[s ‘uonrerndod eioua3d S[onuod
ur o3uey)) “sowr) doors puUE JTUN UOTIBII[IqBYI payorew (] L00T
o3eroae Je[ruis payiodal Arerp doors ur Jusunurodde PoqLIdSIp + “Ie 19
S[0NU0d pue [g[, -Modai-[jag ‘OdIN -+odai-fjag Surwrg, ..QInoe-qns,, M31A21 Juaneding "'oN JON syuoned 14.L 01 rIpURYD 99
*K)1oA9s-Anfur uo
Surpuadop 90UAIJJIP ON
(%92) 01> 21038 IISIN
Kq panseauwr ssourdog[s jo "JUSUOD POWLIOJUT
souareaard Y31y :241102/g0 sqyuowr 9¢ apraoxd 03 Ajjiqeur
19.L yim suostad uey) Iouw ‘asn dATIEPas (ISYUD
ur (99¢) siopiosip daofs LIS :9rdoad ¢ “BLIQILID UOISN[OXE dnoi3 L00T
pue (9,67) ssourdaa[s jo ‘DSd :241192[90 ‘SYIW 9g—¢ ‘JIun uone)IIqeyar [01U0d ON “Te 19
douoreadrd Y3y :nodai-fjag SSH :rodai-flag ssaurdoorg :91doad ¢g WOIJ JUUNINIINY "ON aAds-piN - stuened 191, L8 BIOLISED) S9
“(L'TISIN) ssourdoafs
QWIIABP QAISSAIXD
Jo s3urpuy 2A1n99[qo
PeY 96T 24122(q0 LTISIN
SSH uo ssaurdaars ‘DSd :241192[90
QuInARp QAISSAOX Jress
panodar 9,87 ‘todaa-fjag Ksdojoore)N ssimg
‘uowwod ‘Qreos AsdajooreN ‘UONIPUOd
1om eruwosrodAy pue euurjue[n ‘Ods-vs ommeryoAsd 10 1opIosIp
andnej ‘Sg— 20uLqIMISIp ‘9SS ‘ssourdag[s pue oyem-dagrs Amlur dnoi3 L00T
ayem-doors ewos pey saoueqInstp doofs a1 fnuenQ) -o1d :BII9YIO UOISN[OXH [0TU0D ON “Ie 19
syuoned 191 JO %9/ ‘[[BI9AQ CMIIAINU] 110dad-f]og ssourdag[§ syjuowt 9 "ON AIAAIS-PIIN - swuened 9L S9 uuewineg +9
"dMSI U9A3s pue
SdSd pey suostod JySrg
's1opIosip doa[s 1a)o o
pa[l HSd — dSYD YIm
pasouSeIp eruwosur yIm wyAys arnjerodwoy
Sunuoesaid sjuedronted ‘paIinseawt
JO 99¢ 241222[q0) uruoje[our dnoi3
‘syuedronted ‘DSd ‘Aydeisnoy an3nej [01u0d ON L00T
Kuolew ur od£) uerpeorro J2a1322190) PaqLIdSap QunAep pue BIUWOSUT ‘sjuenjed “Ie 19
JO uonewlIyuo)) J1odai-fjag OFdN -HModai-fjag Surrg, JON Jo syurejdwo) sox PIIN 191w 2 uoreAy s
"(%¥7) 219438 pue (%5¢)
djeropowr ueyl (98¢) arreuuonsenb
191 priw ur 1oy3y Apysis Joured dnoi3
— BLIQILID dnjsouSerp jowr ‘sarreuuonsonb [01u0d ON 900C
%67 ‘swoydwks eruwosur on3neq pue doolg s1eak ‘sjuenjed “Ie 19
pawodax 9,06 :rodas-fjag ‘TIN “ISI -Hoda.-fjag Krend S8 L= “JUAUNINIOAI PeoIg "ON QIQAS-PIIA 191 ZSP 19[1eNQ z
ssupuyf a2 {Sojopoyrapy 102dsp Lanfun (21duws Suryaas Q12408 191 a1dung {pmg ou
daalg 20U1S U1 ] Juawvaly daa)g A0f £1142498 oy
Lanluy

(QEANILNOD)) '] ATV ],

477



(panuiuod)

‘(uoneanp

dogys 10 ‘OSVM “10S 59)
saInseaw AUB UO 2JUIJJIP
JuBOYIUSIS ON -241792[90)
19w ur uoissaxdop
10y3S1y Apueoyiugig
‘ssourdoors awnkep

10 ‘uoneInp ‘ownpaq

Ul 9JUAIdJJIP OU Ing ‘T LW

‘sypuowr 7 ised ur
SQUOZ QWIT) SSOIOE [9ARI)
JO YJIoM JIUS ‘Oyem
/doors Sunooyye osn
UONBOIPAW ‘SAWNPaq
qJe[ Jo A[Ied A[owanxa
‘19pIosIp omeryoksd

Aq pauodar 7OS 1e3uo] /[ed130[0INdU
JuedyIugIs soreosqns 1BLIOILIO UOISN[OXF
uonounysAp awmAep 'SQOUBQINISTP S[OIU0D
pue ‘doueqrmsip ‘Ayenb doagrs Suneorpur payojew || 600T
dogrs :10OSd uo ALfenb 0Sd 241392[q0 Surw, sarpnys K10jeI0qe| + sjuoned “re 19
doars asiopn 1odas-fjpg  SSH 10Sd Modaa-fjag Airend IB3K > 10 K101y ON 'ON PIIIA 191w O] UI[9$S0D) 61
“IOpIOSIp oeIyoAsd
*Aiqesnr 1o ‘quownredwr
pue ‘swojdwAs aarssardop uoepedy Surure9| ‘enuowop
‘sayoepeay ARy 01 A[YI] ‘sorewnyy3ru ‘KNIqesip [enjoo[[olul
arow syurejdwoo dogys ‘doorse Suryey TBLIQJLID UOISN[OXH
M SJudned "sayoepedy Kynoygip ‘dagrs ‘sounfur 1oyjo
10e syurejduwod pasealdul ‘OSVM IO UONBIIXO)ul WOy
uowIwod Jsoul piy} pue ‘parerax ured jou swoydwAs ‘uonernp ‘dnoi3
puodas (96 ¢¢) syuredwod :SB POYISSE[O pue Kep 1< Tendsoy [0T)U0d ON
dagrs pue (994¢) an3nej pawodar syurejduiod PaqLIOsap ur uods (p[o sIeak ‘syuoned 600C
SYOIM Q IV :Liodai-f]ag woydwAs :ni0dai-fjag Aend) JON 91 <) 1uened Auy ‘oN PIIN 191w ¢y “Te30 ndeyd 6
'SJONUO0D se JUO0J St 90IM)
uey) AIow “JOS I3uUo[ pey
syuoned [grw [241192[g0
‘sjonuod 0) pareduwod
ssourdo[s swmnAep
IO UOTRIND UT SIIUIJJIP
oN ‘Afuraid 0y paredwoo
uonenp dod[s ur IseAIdIP
® poyodar sjuedronieq oom/sAep
‘sponuod 0) pareduwod # 10J sutw ¢ < JOS
pue Amfunsod syuoned DS 241322[90 pue Amlur-)sod yyuow
[4.LW ur sadUBQINISIP Areiq B UMM S90URQINISIp S[ONU0d G 800C
pue TOS paseaout ‘Ayfenb doors ‘OISg ‘OAds syjuowt dagrs pey Aoy + “re 10
doays 10100 :110da.1-f]o§ ‘10Sd ‘Hodai-fjag Aireng 8'LC=N J1 popnpour LW "so X PIIN siuened (g LW 6 SUWBTIA Sy
‘ST 1o voude doors
'S[onuod YIm paleduwod ‘19pIosIp ormeryoAsd
LTSN uo ssaurdoors quouredwt SND
POSBaIOUl SE [[oMm Se jsed [eLIOILIO UOISN[OXH S[OU0D
‘TLW Ul NFY SS9 pue ¢ "doays 1ood payodjewt 9 800¢C
93e)s 10N “(LS.L) uoneinp LISIN ssourdoorg Jo syurerdwod 10y qef + sjuaned “Te 19
doors 10110YS f241192[90 ‘DSd :241192[90 Aend) siK1g—1  doos 03 parrejar gL SO X PITIN 191w 97 helojeliplN Ly
sduipuyf L2y A3ojopoyrapy 102dsp Lmnfun (21duws Suiyaas &142408 [g] a1dung Lpnig ou
daa)g 20uU1S Uil Juauvay daalg A0f 11412498 Yoy
&anlug

(AQENNILNOD)

‘] 414v],

478



(panuijuod)

“Krerp

doag[s 10 amseow HSJ

U0 QOUIAJJIP OU ‘T MIA
Aq painseaur ssaurdag[s uo
QOUIIJIP ON :241122[q0
‘Kep oy

Surmp sdeu a10W j00) pue

"SoWIT} 9yeMm JO/pue -paq
[ensnun ‘Ieak jse oYy ur
SI0M JJIYS ‘UOTIBIIPIW
onoudAy jo asn

‘eoude dog[s ‘Iopiosip
aarssaxdap 10 onoyoLsd
1o 1ejodiq uowreduwir
Iojow 10 AIOSUQS
quowredwr 2AnIUS0
/ssourdagrs Jursned

9u31u Je peq ur oW oW LMIN UONIPUOd [BIIpAW
juads ‘SO uo ssaurdoors ‘DSd -24122lq0 ‘BLIQJLID UOISN[OXH
Jo saouanbasuod 1a100d ISI ‘Areiq "9SUADI| S JOALIP S[01NU0d 7102
panodar ng §SH uo sdnoid doo[S ‘J-SVA ‘S (s1eak juormo 1o jsed ym payojew gg ‘ULIOIA] %
Yy ueam)aq ssourdoors -SVA ‘TN ‘OSOA w =N SIOIUQD UoNEIIIqeyal QIOADS + neauuog
Ul SOOUAIYIP ON :Hodas-fjog ‘SSH modas-fjog ssourdoo[g sreok [1-1 WOoIj PAINIONY "ON -9)JBIOPOIN syjuoned 191 ¢T -narneag 0C
‘uononpolid uruojeow
SUTUQAQ JO S[AJ]
1omol pey sjuaned 1q7, ‘Syjuow ¢ Ise| Ay} ul
‘uorssardop 103 3urfjonuod SOUOZ QWIN} SSOIOE [AR)
19} poudyeam ‘Ajorxue ‘SIBIA € SB[ UI JIoMm
10} Fur[[onuod Ioe JJIYS ‘oSN UOIBIIPIW
sjonuod ueyy S Iorood dogrs ‘ysysug
pue OSV A\ 21ouwr pajodar owmn JUAIOYJNSUT ‘IIPIOSIP
syuaned g, -2a192[90 JOSUO UTUOjR[AW oweIyoAsd/fesrojornau
‘uorssaxdop pue Ajorxue Y31 wIp AIeArfes ‘1oposip doors Amfur S[onuod
10J 3uI[[ONUOD Id)je ‘DS 241192190 -a1d reLoILIO UOISN[OXH payorew ¢ 010T
T0Sd 2yr uo dogys 1a100d OdIN ‘SSA ssourdoo[g “JIUn uoNeI[Iqeyal + “Te 19
pauodar 1g, -Modas-fjag 10Sd Hoda.a-fjag Anrend) syuouwr 9 Wo1j pAINIOAY ON QIAIS-PIIA syjuaned 9L €T UOIQOYIS 89
ey [eorsAyd 1ood 10
‘rouosud ‘osnqe [oyoore
Jo K103S1Y ‘yauouwu Jsey ur
asn 3nip ordonoyoAsd
‘Km[ur peay uado
“Kpiqestp renyoa[aiul
"LS.L SS9l pue g 93®1s ‘1op1osip doors
19110YS ‘OSV M 1o3uo] 10 [ed13010Inau Ainfur S[0NU0d
“JOS PAe[op pIemo) -a1d :BLISIID UOISN[OXH payorewr £,
puan ‘(] =N) SQOUIHIP DHAH jJo Lmuen) ‘payoroxdde + 1102
JUBOYIUSIS ON -241102[90) VSd ‘DSd :241192[q0 Arrend Yoom > uonendod [erouan ‘oN PIIN syuoned rgpuw £ “Ie 19 ory 11
Ainfur oy) uey) qMS Jo 9[BdS AILIARS
asned I19YJ0 puy jou pInod an3neq oy ‘oreds ‘Am(ur peay snoraaid
9,G U "BIUWOSUI 95()] pue Asdojoore)N ssimg 10 ‘19pIoSIp ayem-dog[s
eruwostodAy ‘ssourdogys ) “oreos Asdojooreu ‘10pIosIp omeryoAsd
‘ongdney 9,¢9 ‘Amlunsod euurpue[n Y ‘0ds /1eo13ooinau Kinfur dnoi3
sIAE dMS onewnerysod -V'S ‘SSH ‘mararour ssourdoo[g -a1d :BLI9ILIO UOISN[OXH [01U0d ON 010C
peY 9.9 :todai-fjag uoyd :nodaa-fjag Anend SIBIA ¢ "ON AroAaas-plAl siuaned [g L 16 “Te 30 Jdwoy] 19
s3upurf L2y {3ojopoyray 102dsp &mflur ¢ 2]dwps Suiyaas 142008 [gL a1dung &pmig ou
daa|g 20U1S Uil ] JuauvaLy doajs 10f £11412498 Yoyl
Lanluy

(@INNILLNOD) "] dAT14V],

479



"9[goiq doo[S pue uoneoINWWO)-0ANIUS0)) A[req ‘dVSODA
‘oeog uorssardo( pue Ajorxuy [endsoH ‘SQVH ‘UONeIAAP pIepuels ‘S 9[BIS ANIOADS anSNe ‘SSH 1S9, SSOUNJOYBAA JO 9dURUUIRIA ‘L MIA XOpUJ AJLIOAJS BIUWOSU] ‘IS ‘on3ne 10J o[edS ono[euy [ensiA ‘J-SVA
‘ssourdao[g 10j 91O anSoreuy [enSIA ‘S-S A ‘eareuuonsond) doo[g jo sawoonQ [euonouny ‘OSOA ‘Adusroyje dagrs ‘gS ‘OHH Jo sisAeuy [enoads 1omod ‘OHH JO VS QUIDIPIJA] UONEBI[IqRYY JO $$2ISUOD) UBILISWY
IOV ‘1esuo doas 1o3je oem ‘OSV AL ‘uoneziueSIO Yi[esH PHOA ‘OHM AoudeT jesuQ dod[§ “JOS ‘orreuuonson() eruwosu] pue dod[s yoo1g ‘OIS ‘orreuuonsanb sxoprosip dooys ‘DS ‘Juowosowr aKo pider ‘WY
sown) dog[s [810) “ I.S.], ‘QWOIPUAS ST SSO[ISAI ‘STY {WSAS snoalau [enuad ‘SN ‘AydeiSoreydoouaonoaofe ‘Ogd 59, AouareT jesuQ doors opdniny ‘L ISIA ‘ssourdoals awnAep aAISSaOX? ‘S ‘eireuuonsanb siopiosiq
dag[S 2y Jo 21eds eaudy dao[S ‘OS-VS 2[edoS 2wodnQ mogseln) ‘SOO ‘urened ayem-dogs rendari ‘g ST ‘woipuks aseyd doofs pakero ‘Sdsd AydeidouwosAjod ‘OG4 ‘s1opiosiq doo[S wyAyy ueipedr) ‘qsyd
‘Aydei3ouwosAjod ‘DS {AI0JudAU] an3ne,] [RUOISUSWIPHINIA ‘TN ‘Xopu] AJLISAQS eruwosu] ‘IS ‘SurSew 20ULUOSAI d1AUSEW ‘TN 9[eoS ssourdod[S yromdyg ‘SSH ‘oIreuuonsond) ssoUSUIUIAT-sSAUSUIWION ‘OHIN
sxapur ssewr Apoq ‘TINg ‘AydesSowo) payndwos ‘1) ‘ersouwe onewnen-jsod v 14 ‘xopuy Arend) doo[s ysimgsnid ‘TOS SSQUSNOIISU0D JO $SO[ ‘DO ([8OS BWOD) MOISE[D ‘SO ‘AInfur ureiq snewner) priw ‘Jg

(quownyeon eoude
dog[s ‘uoneorpow ‘ouarsAy

"JUISUOD
A1ddns 03 91qe Sureq
pue ‘ysTSug juaroyIns
‘Apmis ay) puejsiopun
0} Suruonouny
juaroyyns ‘syudurredur
UOT)EITUNUIWIOD
‘(eTUTIOSUT

[eOTUId) G < 2I00S

doors '3-9) uonuaarul IAMIN ISI ‘oourqIMISIp 9yem €102
PoZI[enpIAIpUT JO)JE ‘DSd :241392[q90) Jo/pue dog[s Suntodar dnoi3 “Ie 19
pasoidur arom swoydwAs SSH ‘dSvODd Amuend) J1 papnjour (plo s1edk [01U0d ON sayeH
BIUWOSU] :110da.4-f]ag ‘IST :Moda-fjag Aend) SIKZT-1T 09-81) syuedronied ‘sox QTQAIS-PIN syuaned 19.L 0T -UBLUOSI AN L
1dL
QI10A9s Ul BruwosIodAy
pue gL dieropowt *S19pIoSIp dLyeIydoAsd
Ul UOWIWOD JSOW BIUWOSUL Jo/pue dog[s Amnlurard
‘eruwosiodAy 9,6 pue S[IOM JJIUS ‘9SN QATIBPIS
BIUWOSUI 9,67 ‘[G.L 101e (suonsonb woidwAs (11=as) ‘BLIQJLID UOISN[OXH dnoi3
QoueqImisip doo[s [eIoual pue ‘SaQvH) ‘SSH ssourdag[s syjuow [endsoy [01u0d ON €102
panodar 9,8¢ 110dal-fjag 10Sd :+odas-fjag Aend cC= y3noay) paynIoay ‘oN QIOASS-PIIN sjuoned 191 86 “Ie 19 noH oL
(sypuowr
‘ssourdaars owmnAep I10jeaId 1L°6=M) S[ONUO0D O] 10T
‘dno13 g, ur deors 1o100d SSH ‘SSHq ssourdog[s SIBAA + syuened “Ie 19
Apueoyu3is :r1o0da-fjag 10Sd :Hodai-fjag Aiend) € — Syeam ¢ (paquiosap jou) "ON QTQAIS-PTIN 19.L OFT pIojsuoq 69
‘Kyrenb dogrs
10100d )IM PAILIOOSSE ‘s1op1osIp dooys
ured ‘sdnoi3 uoomjoq 10 ured oruoryo Anfur
SQOUQIQJJIP QUWIOS PA[BIAI -a1d ‘asnqe [oyoore
DY o3uel [puIoU ‘suonipuod oueryoAsd
ury)im Inqg ‘sdnoid usamiaq /[ed130[0INAU
SQOUQIQJIP AINJOANIYIIL asn uonedIpowt
dog[S saa102[90) ordonoyoAsd
'S[OIIU0D OFd VSd guourredwt yooads
uey) [OSJ UO $AI09s ‘DSd 241122190 10 9ATIIUS0D JIQAS S[onuod g
12100d sown 9a1y) payodal SVA Kmnuen) ‘BLIQJLIO UOISN[OXH + syuened 210218 1@
sjuaned [gLw odal-fjag I0Sd Hoda.-fjag Aiend M 9> "ON PIIA 191w $¢ Koy 9%
s3upuif a2y L3oj0poyrapy 102dsp Cmflun ¢ 21dups 3uryaas 1142098 [T apdung &pmig ou
daalg 20U1S Uil ] Juoupaly daajg 10f £1112408 oy
&anluy

(QENNILNOD)) T T4V,

480



SLEEP DISTURBANCE AFTER MTBI 481
TABLE 2. DESCRIPTIVE STATISTICS FOR PARTICIPANT CHARACTERISTICS AND BETWEEN-GROUP COMPARISONS
1. mTBI 2. Control 3. CMC 1vs?2 1vs3
(n=33) (n=33) (n=33) p (2-tailed) p (2-tailed)
Age: M (SD) 22.25 (5.72) 21.81 (5.36) 23.27 (9.76) 0.748 0.881

Male (n) 14 14 15

Female (n) 19 19 18 1.00 1.00
Caucasian (n) 29 29 26 1.00 0.325
Dominant language: (n)

English 30 28 31 0.708 1.00
Years of education: M (SD) 14.03 (2.36) 13.76 (2.15) 14.58( 2.67) 0.390 0.331
Currently enrolled in tertiary education: (n) 29 32 31 0.355 0.672
Caffeine consumption: M (SD)

Drinks/morning: 0.79 (0.65) 0.75 (0.87)  1.58 (0.66) 0.580 0.187

Drinks/afternoon: 1.48 (0.63) 1.57 (0.92) 1.72 (0.66) 0.978 0.298

Drinks/evening: 1.34 (0.67)  1.50 (0.92)  1.39 (0.50) 0.630 0.511
Frequency that sleep is disturbed by pain/discomfort: M (SD)  2.88 (1.02)  2.30 (1.02)  2.40 (1.10) 0.015 0.026
Sleep medication use (n) 3 0 1 0.238 0.613
Stimulant use (n) 2 1 0 1.00 0.492
Sedative use (n) 0 2 0 0.492 0.492
Depressed or sad: M (SD)® 1.28 (1.08)  1.09 (1.06) 1.27 (1.11) 0.430 0.903
Anxious or tense: M (SD) ° 1.16 (1.19)  0.88 (1.01)  0.87 (0.97) 0.361 0.386

N=99. mTBI, mild traumatic brain injury; CMC, close-matched controls; SD, standard deviation.
Between-group comparisons were performed using Mann-Whitney U tests for continuous variables and chi-square tests for categorical tests (with a

Fischer exact correction applied for analyses with violated assumptions).

“Frequency that sleep is disturbed by pain or discomfort was measured on a 5-point scale (1 =Never, 2=Rarely, 3=A few nights a month, 4= A few

nights a week, 5=Every night or Almost every night).
"Items taken from the Neurobehavioral Symptom Inventory, which are

group of physical and mental health measures drawn from the
United States of America National Institutes of Health’s framework
to address limitations of existing patient report measures.>>
Commentaries about these measures have been published recent-
ly,”” and their potential as a common outcome measure in TBI
research has been suggested.”®

The PROMISSD is a reliable measure of general subjective sleep
disturbance that asks participants to rate their general sleep over the
past 7 days. A 5-point rating scale appropriate to the item is used; for
example, “my sleep was restless” (not at all - very much), “I had
trouble staying asleep” (never — always), and “my sleep quality
was’” (very poor - very good). Items 2, 3, 7, and 8 are reversed and all
items summed for a total score ranging from 8 to 40 (US population
mean = 20), where higher scores indicate worse sleep.

Insomnia Severity Index (ISI)*°.  The ISI is widely used in
sleep research and increasingly as a treatment response measure.
In this study, it was used as an indicator of subjective sleep quality.
Participants rate their insomnia problems in the past 2 weeks on a 5-
point scale. The seven items include the following examples:
“difficulty falling asleep” (0=none - 4=very severe) and ‘‘how
satisfied/dissatisfied are you with your current sleep pattern?”” (very
satisfied - very dissatisfied). A total score is derived by summing
responses, ranging from 0-28 (0-7=absence of insomnia; 8—
14 = subthreshold insomnia symptoms; 15-21=clinical moderate
severity insomnia; 22-28 =clinical severe insomnia).

WASQO, SOL, and sleep efficiency. Indices of these con-
structs were derived from the Sleep Timing Questionnaire (STQ).

Sleep quantity and timing

STQ. STQ™ sleep quality, quantity, and timing and via
questions about retrospective habitual bed and rising times. It
provides information similar to that obtained using a prospective
sleep diary. Participants report earliest, latest and usual ‘‘good

measured on a 5-point scale (O=not at all, 4=very severe).

night” and ‘““‘good morning™ times before work/school days and
days off. In addition, it asks participants to estimate usual bedtime
and waketime stability, as well as usual SOL and WASO. STQ item
17 (“‘on most nights, how long does it take you to fall asleep on
average?’’) and STQ item 18 (*‘on most nights, how much sleep do
you lose, on average, from waking up during the night, e.g., to go to
the bathroom?’”) were analyzed separately as indicators of the sleep
quality variables, SOL and WASO, respectively.

STQ responses were used to create five subscales describing usual
sleep (weighted 5 workdays to 2 days off). Sleep quantity was mea-
sured as the duration of time between usual sleep- and wake-times,
less reported WASO and SOL. Sleep efficiency (a measure of quality)
describes the percentage of reported time spent in bed (from bed- to
waketime) estimated as asleep (duration/time in bed). Sleep timing
was assessed by calculating usual bedtimes, waketimes, and sleep
midpoint times from the STQ. Sleep/waketime and sleep midpoint
obtained via sleep diary have been shown to be appropriate estimates
of dim light melatonin onset and, in turn, circadian phase.>**

Sleep-related daytime impairment

Excessive daytime sleepiness (Epworth Sleepiness Scale
[ESS]). The ESS* is a widely used questionnaire designed to
evaluate the level of habitual sleepiness (or sleep propensity) dur-
ing the day. The scale comprises eight items that describe typical
day-to-day situations (e.g., sitting and reading or watching televi-
sion). Likely sleepiness in each situation, or imagined sleepiness in
each situation, is reported. Each item can be rated from 0-3 points
(0=would never doze, 3 =high chance of dozing), with the final
score ranging from O to 24. The proposed range for normal sleep
propensity is 0-10.*® The ESS has good reported internal consis-
tency and reliability.?’

Sleep-related functional impairment (PROMIS) Sleep-
Related Impairment - Short Form 8a; Version 1.0 (PROM-
1S8a)?°. The PROMISSa is the second of the two short-form static
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sleep measurement scales developed from the PROMIS item banks.
PROMIS8a measures daytime impairment related to sleep.”>
PROMISS8a assesses perceived sleepiness and sleep-related impact
on daytime functioning over the last 7 days. Responses are made on a
5-point scale ranging from 1 (not at all) to 5 (very much). An example
item is: “‘I had a hard time getting things done because I was sleepy”
and ‘I felt alert when I woke up.” PROMISS8a is scored by reversing
item 2 and summing items for a total score, which ranges from 8—40.
The mean score for the US population is 16.>®

Procedure

Ethical clearance was provided by the university’s Human Re-
search Ethics Committee. Consenting participants completed a
battery of measures, including the sleep measures. The core battery
used block randomization: sleep measures were presented in a fixed
order but were randomized with other dimensions of functioning.
The questionnaires were administered online using Key Survey
(WorldAPP, Version 8.2; 2013). Three items to test for indis-
criminate responding were included.*® To remain in the sample,
participants were required to respond correctly to at least two of
these items, and a further post-experimental check was used to
verify that they understood and complied with the study instruc-
tions. Volunteers received bonus course credit if they were re-
cruited from the undergraduate participant pool, or a chance to
receive a randomly drawn prize valued at AU$100.

Results

Raw scores were analyzed using IBM Statistical Package for the
Social Sciences, version 21. First, preliminary data cleaning and
screening were conducted. A missing data analysis revealed min-
imal missing data on PROMIS8a, PROMISS8Db, and ISI (0-2.9%),
which was missing ‘“‘completely at random,” Little’s MCAR,
%*(267) =83.233, p=1.00. Expectation-Maximization was used to
impute missing values for these measures.*” Missing values were
not imputed when participants had not completed an entire scale or
for the STQ because these data were coded as times (e.g., 7 AM or 7
PM). When data were missing for the STQ AM and PM values,
these were logically derived (for example, a ““9.30” bedtime was
coded as PM). Three cases were excluded from STQ analyses be-
cause the missing data could not be logically derived (e.g., wake-
times reported as an hour before bedtimes).

Relevant assumptions were checked to determine suitability of
parametric analyses. Data were distributed normally unless other-
wise stated. Three significant outliers were identified on the STQ
SOL (one outlier) and STQ WASO (two outliers). These outliers
were adjusted to the next highest value plus one, as per Field.*!
Data missing for a complete scale were deleted listwise. A signif-
icance level of 0.05 was used for analyses unless stated otherwise.
Effect size was calculated using the Cohen d, and values were
interpreted as per recommendations (i.e., 0.2=small, 0.5=me-
dium, 0.8= lalrge).‘”’42

Descriptive statistics for sleep measures and group comparisons
are shown in Table 3. To examine differences in sleep quality,
quantity, timing, and daytime impairment, independent samples
t tests were used for group comparisons (Where parametric as-
sumptions were breached, nonparametric equivalent tests were per-
formed). MTBI vs. control and mTBI vs. CMC group comparisons
revealed the same pattern of results in terms of statistical signifi-
cance, with the exception that the sleep midpoint measure changed
from nonsignificant to significant. For CMCs, effect sizes were
slightly smaller for sleep quality and daytime impairment measures,
but slightly larger for sleep timing measures (Table 3). This section
describes the results from the mTBI vs. control comparisons only.

SULLIVAN ET AL.

The mTBI vs. control group comparisons revealed statistically
significant differences on three of the five sleep quality measures.
The mTBI group self-reported poorer sleep quality in terms of sleep
disturbance (PROMIS8b), WASO, and insomnia symptoms;
however, there were no significant group differences for SOL or
sleep efficiency. On the PROMIS8b, the control group closely
approximated the US population mean of 20,** whereas the mTBI
group scored higher than this, indicating poor sleep quality relative
to this normative standard. Using the US population data as a cut
point, 78.8% of the mTBI group scored greater than the US pop-
ulation mean on the PROMISS8b, while only 42.4% of the control
group did so, ¥*(1) =9.14, p=0.003.

MTBI participants also reported significantly more ISI insomnia
symptoms than controls. Using the insomnia severity scoring
guidelines, the percentage of participants meeting the cutoffs for
the insomnia criteria was calculated. In the mTBI group, 25% had
severe clinical insomnia, 46.9% had mild clinical insomnia, and the
remaining 28.1% had subthreshhold insomnia. In the control group,
9.1% had severe clinical insomnia, 21.2% had mild clinical in-
somnia, and 69.7% had subthreshold insomnia. The percentage of
participants meeting these ISI criteria in the mTBI and control
groups was significantly different, ¥*(2) =11.29, p=0.001.

No differences were found between mTBI and control partici-
pants on measures of sleep quantity and timing. Measures of
daytime impairment showed that mTBI participants reported in-
creased sleep-related impairment on the PROMIS8a when com-
pared with controls, but their level of daytime sleepiness as
measured by the ESS was not significantly different from controls.
Both the mTBI group and controls reported mean ESS scores
higher than 10, suggesting they experienced clinically significant
subjective sleepiness.

Discussion

This study sought to investigate whether persons who had sus-
tained an mTBI between 1 and 6 months before study participation
experienced more sleep disturbance than matched controls and
describe the nature of this disturbance. Results revealed significant
differences on aspects of sleep quality (on three of the five mea-
sures, medium to large effects) and sleep-related daytime impair-
ment, but not on self-reported sleep duration or timing. These
results appear robust given that the partial internal replication
yielded very similar outcomes, albeit with smaller effects.

The finding of group differences in sleep quality, with the ex-
ception of SOL and sleep efficiency, is generally consistent with the
literature. For example, the PROMISS8b result is consistent with
studies that have shown a decrement in subjective sleep quality for
patients with TBI using the PSQL'**%¢ This study is the first to
find a sleep quality effect using the PROMIS8b, a measure that has
been suggested for use in TBI research.”®

This study found that the mTBI group’s WASO was almost
twice as long as that reported by controls. This quantitative estimate
is consistent with previous research showing that mTBI participants
report higher scores on the sleep disturbance subscale of the
PSQL.'** Perceived frequent nighttime awakenings were found to
be the primary complaint in people with mTBI 6 weeks post-injury
(35% of a sample of 443 mTBI participants complained of frequent
awakenings).9 Objective differences in WASO, however, have not
been consistently demonstrated,'®*>*” suggesting a need for fur-
ther investigation, because the subjective experience of insomnia is
central to its diagnosis.*® Results from the ISI in this study indicate
that higher distress because of poor sleep was experienced by the
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mTBI participants compared with controls; on average, the mTBI
group reported clinically significant moderate insomnia whereas
controls reported subthreshold insomnia.*®

The SOL result was inconsistent with the findings from previous
studies; it was not different for mTBI participants and controls.
This result was surprising considering that the mTBI group re-
ported greater insomnia severity on the ISI. Both groups in the
current study, however, reported a relatively long average SOL of
35min (>20min is considered long).** The absence of a group
effect on SOL may be attributable to the large proportion of uni-
versity students in the sample, a population for which there is a
higher probability of sleep dissatisfaction, insufficient sleep, and
irregular sleep-wake patterns.”® It is possible that group differences
on this variable were obscured by a ceiling effect that might not be
observed in other populations. The final measure of sleep quality,
sleep efficiency, revealed no significant group difference, which
may be a result of the similarly high SOL in both groups.

In terms of sleep quantity, this study found no differences in
sleep duration between the mTBI group and controls. Moderate-to-
severe TBI appears to be a risk factor in developing hypersomnia,'’
and when differences in sleep duration have been found previously
compared with controls, this has usually involved mixed severity
TBI rather than an mTBI only sample. One previous study found
that persons with mTBI had shorter sleep duration than controls*’;
however, these patients were assessed after presentation for sleep
complaints.

This study predicted no differences in sleep timing between the
groups, and the study results supported this hypothesis. This result is
generally consistent with past findings.”>' A contrary result, how-
ever, was reported by Ayalon and coworkers™® Their group found
that 36% of a selected sample of 42 mTBI participants who com-
plained of insomnia in fact had a circadian rhythm disorder. When
we compared the mTBI group against CMCs, the measure of sleep
midpoint was significantly earlier for the mTBI group than the
CMCs, perhaps suggesting a trend toward a phase advanced circa-
dian rhythm. Overall, however, the findings from the present study
suggest that disturbances of the timing and circadian regulation of
sleep may not be as prominent in unselected mTBI samples.

MTBI participants reported greater daytime sleep-related im-
pairment but did not differ significantly with regard to their daytime
sleepiness in comparison with controls. Both groups reported
greater sleep-related impairment on the PROMIS8a than the US
population mean>®; Australian normative data for this test were not
available. There were no differences between mTBI participants
and controls on daytime sleepiness, although both groups reported
significant levels of daytime sleepiness. Excessive daytime sleepiness
is experienced as an inability to maintain the desired level of alertness
or to fall asleep at times when doing so would be unwanted.”

A previous study by Gosselin and colleagues'® did not find an
effect of mTBI on excessive daytime sleepiness, but an effect has
been reported using an objective measure, the Maintenance of
Wakefulness Test.*” Assessment of sleep-related daytime impair-
ment in patients with mTBI warrants further investigation, as the
effects of sleep on everyday functioning may be greater after mTBI
if a quick return to usual levels of functioning is expected.

Previous research has been difficult to interpret because of dif-
ferences related to characterization of mTBI (e.g., injury severity,
time since injury, definition of mTBI, inclusion criteria, use of
controls), and sleep (e.g., nature, severity, method of measure-
ment). This study has highlighted the need for more well-controlled
studies of this issue. Our approach may stimulate further thinking
about the way sleep, or its facets, feature in mTBI outcome. In this

SULLIVAN ET AL.

study, the exclusion of persons with comorbid disorders could
suggest that sleep disturbance (i.e., reduced sleep quality) occurs
independently of other factors that contribute to post-injury out-
come, although we did not exclude all possible comorbidities and
there were group differences on sleep disturbance because of pain.
It should also be noted that the participants were probably not
significantly functionally impaired and the findings may not gen-
eralize to a more impaired group, or to a group with the co-
morbidities that we excluded.

This study has several limitations. This study did not include
objective sleep measures, and it is unclear whether similar results
would be obtained with such measures. This study used a pre-
dominantly student sample, and findings may not generalize to
samples with low (<12 years) levels of education or samples with
different daily routines/sleep patterns. The group differences could
be interpreted as caused by sleep-disrupting pain, because the
groups were not matched on the number of nights of sleep disturbed
by pain. A replication of this study with a no/low pain-related sleep
disturbed mTBI group is recommended.

The time since injury, while controlled, breached some defini-
tions of chronicity (e.g., symptoms persisting beyond 1 month
may indicate post-concussional syndrome according to the World
Health Organization,” whereas symptoms persisting beyond 3
months are required by the American Psychiatric Association,
fourth edition, criteria).>* This study did not use a longitudinal
study design to track change over time, and causation between
injury and sleep complaint should not be inferred. We were unable
to verify the mTBI participants’ injury and as such had limited
detail on the nature of the mTBI (e.g., Glasgow Coma Scale score);
however, participants self-reported mTBI was based on a clear
operational definition of mTBI."?

The results provide no information on the presence or nature of
sleep disorders that require objective measurement for diagnosis
(e.g., obstructive sleep apnea), and the findings may not be specific
to sleep quality or daytime sleepiness; rather, they may represent a
general ““‘complaint” tendency. A study of the group effect on
objective sleep measures is recommended and could yield addi-
tional information about sleep changes after mTBI that may be
expected. At the individual level, such data could be used as part of
a therapeutic process to further understand the complaint. This
process should also include considering if a formal diagnosis of the
sleep complaint is warranted (or if referral to a sleep specialist is
needed), and exploration of the causal attribution that mTBI pa-
tients may have of their sleep complaint.

This study has revealed the importance of detailed sleep assess-
ment in patients after mTBI. If assessed by a single item, depending
on the sleep facet tested, different conclusions might have emerged
(ranging from no group differences to group differences). In this
study, multiple indices of sleep were used to yield a comprehensive
questionnaire-based sleep assessment. As argued by Iverson and
associates> and others,*® and in light of the complex array of factors
that contribute to poor outcome from TBI,”’ recovery may be im-
proved by focusing on treatable aspects of the injury response. Sleep
disturbance may be treatable, even when comorbid with TBI,Z’7 but
the nature of clinical disturbance must first be carefully established.

There is limited literature assessing treatment approaches in this
population.'® This study’s findings suggest that some sleep thera-
pies (e.g., bright light therapy, melatonin, both of which are tar-
geted at circadian dysfunction) may be of limited use after mTBI.
Psychological and behavioral therapies such as cognitive behav-
ioral therapy for insomnia (CBTi), however, which is the first-line
therapy recommended for insomnia, may be beneficial.>®
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CBTi has demonstrated efficacy for the treatment of insomnia
even in the presence of significant comorbid psychopathology.
Concurrent CBTi treatment has the potential to improve outcomes
both for sleep and comorbid conditions, suggesting that in condi-
tions that involve sleep disruption (such as pain), treatment plans
with a specific sleep component are likely to improve overall out-
come.”® CBTi has been successfully implemented in a mixed se-
verity TBI sample, with improvements similar to those seen in
other populations, and benefits sustained at 3 months follow-up.*
Even for subclinical sleep disturbance, clinicians are urged to fa-
cilitate access to wellness programs to optimize sleep after TBI,®'
and in the acute period (days post-injury) rest is recommended.®* A
randomized controlled trial to test the efficacy of such interventions
in mTBI patients is encouraged.

Together these findings suggest that after 1 to 6 months post-
mTBI, reduced sleep quality and sleep-related impairment are
the most likely sleep complaints. After mTBI, longer nighttime
awakenings are reported, and insomnia Ssymptoms may be worse.
Irrespective of their cause, these features need to be addressed in
recovery. Future research should examine the association between
sleep disturbance and mTBI prospectively and use objective mea-
sures to gain a broader understanding of this problem.
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