
Table S1: Systematic literature search strategy 

Database 
Date 
searched Fields Search terms  Hits 

Ovid 
Medline(r) 
1946 to 
Present with 
Daily 
Update & 
Ovid 
Medline 
In_Process 

May 26, 
2015 

Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively  789  

Traumatic brain injury 
MeSH terms 

brain injuries/ or exp brain concussion/ or exp brain hemorrhage, 
traumatic/ or brain stem hemorrhage, traumatic/ or cerebral 
hemorrhage, traumatic/ or brain injury, chronic/ or diffuse axonal 
injury/ 

49657 

Traumatic brain injury 
keywords title and 
abstract 

(brain adj (injur* or concussion or trauma* or impairment*)).ti,ab. 38549 

tbi.ti,ab. 13089 

Traumatic brain injury MeSH and Keyword search -  combined 67718 

Sleep MeSH terms exp sleep disorders/ or exp dyssomnias/ or exp parasomnias/ 64918 

exp Polysomnography/ 15055 

Actigraphy/ 1696 

exp Sleep Disorders/ 64918 

(polysomnograph* or actigraph*).ti,ab. 13738 

Sleep Keywords sleep*.ti,ab. 113753 

(polysomnograph* or actigraph*).ti,ab. 13753 

Sleep MeSH and Keyword search - combined 130665 

Emabse May 26, 
2015 

Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively 4268 

Traumatic brain injury 
MeSH terms 

exp traumatic brain injury/ or exp brain injury/ 131088 

exp brain injury/ or exp head injury/ or acquired brain injury/ or brain 
concussion/ or brain contusion/ or brain damage/ or brain stem injury/ 
or cerebellum injury/ or diffuse axonal injury/ or postconcussion 
syndrome/ or traumatic brain injury/ 

230191 

Traumatic brain injury 
Keywords title and 
abstract 

(brain adj (injur* or concussion or trauma* or impairment*)).ti,ab. 59080 

tbi.ti,ab. 23270 

Traumatic brain injury MeSH and Keyword search - combined 246764 

Sleep MeSH terms exp sleep/ or exp daytime somnolence/ or exp drowsiness/ or exp 
nonrem sleep/ or exp rem sleep/ or exp sleep pattern/ or exp sleep 
quality/ or exp sleep stage/ or exp sleep time/ or exp sleep waking 
cycle/ or exp sleep walking/ or exp slow wave sleep/ or exp 
somnolence/ or exp yawning/ 

166759 

exp sleep disorder/ or exp circadian rhythm sleep disorder/ or exp 
daytime somnolence/ or exp drowsiness/ or exp excessive dreaming/ or 
exp hypersomnia/ or exp insomnia/ or exp narcolepsy/ or exp 
parasomnia/ or exp periodic limb movement disorder/ or exp sleep 
arousal disorder/ or exp sleep disordered breathing/ or exp sleep 
walking/ 

150386 

exp polysomnography/ 23910 

Sleep Keywords title 
and abstract 

(polysomnograph* or actigraph*).ti,ab. 24428 

sleep*.ti,ab. 176893 

Sleep MeSH and keywords title and abstract - combined 284351 



Table S1: Systematic literature search strategy 

Database 
Date 
searched Fields Search terms  Hits 

PsycINFO 
1806 to May 
Week 3 2015 

May 26, 
2015 

Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively 1021 

Traumatic brain injury 
MeSH terms 

exp traumatic brain injury/ or exp brain damage/ or exp trauma/ or exp 
brain concussion/ or exp head injuries/ 

70868 

exp head injuries/ or exp injuries/ or exp brain concussion/ or exp 
brain damage/ 

46595 

Traumatic brain injury 
Keywords title and 
abstract 

(brain adj (injur* or concussion or trauma* or impairment*)).ti,ab. 19218 

tbi.ti,ab. 6864 

Traumatic brain injury MeSH and Keywords - combined 75246 

Sleep MeSH terms exp Sleep Onset/ or exp REM Sleep/ or exp NREM Sleep/ or exp 
Sleep Wake Cycle/ or exp Sleep/ or exp Sleep Disorders/ 

30599 

Sleep Keywords title 
and abstract 

(polysomnograph* or actigraph*).ti,ab. 5106 

sleep*.ti,ab. 53010 

Sleep MeSH and Keywords title and abstract - combined 55633 

Scopus May 26, 
2015 

Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively 1902 

Traumatic brain injury 
title and abstract 
keywords 

tbi  16672 

brain  impairment  35040 

brain  concussion  1770 

brain  trauma*  4002 

head injur* 42891 

brain damage 53388 

traumatic brain injury 27270 

Traumatic brain injury title and abstract keywords - combined 155688 

Sleep Keywords title 
and abstract 

sleep* 165494 

polysomnograph*  14005 

actigraph*  3563 

sleep  disorder*  32434 

Sleep keywords title and abstract - combined 167243 

 



 

Table S1: Systematic literature search strategy 

The 
Cochrane 
Library 

May 27, 
2015 

Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively 420 

Sleep MeSH terms  Sleep explode all trees 4124 

Polysomnography explode all tress 1347 

Actigraphy explode all tress 143 

Sleep Disorders explode all tress 4525 

Sleep keywords Sleep  16711 

polysomnograph* or actigraph* 2870 

Sleep MeSH and keywords combined 17123 

Traumatic brain injury 
MeSH terms- 

Brain injuries explode all tress 1155 

Brain concussion explode all tress 74 

Diffuse Axonal injury explode all tress 5 

Intracranial Hemorrhages explode all tress 1394 

Cerebral Hemorrhage, Traumatic 8 

Traumatic brain injury 
keywords - 

TBI 832 

brain injury or brain concussion or brain trauma or brain impairment 5494 

Traumatic brain injury MeSH and Keyword terms 7130 

 



 

Table S2: Polysomnography analytic methods across studies in meta-analysis 

Study Scoring 
criteria 

Epoch 
length 

Sleep scheduling fixed or variable Sleep onset latency 

Beaulieu-Bonneau et al.1 R & K NS Semi fixed – Time in bed kept between 8 and 9 h, 
however, bed time and wake time varied. 

NS 

Frieboes et al.2 R & K 30-s Fixed - Subject not permitted to sleep until lights 
turned off at 23:00 h. Recording occurred between 
23:00-07:00 h. 

First 30s epoch containing 
any stage other than stage 1 
sleep 

Gosselin et al.3 R & K 20-s  Fixed – Bedtime 23:00 h and sleep offset at 07:00 
h. 

NS  
 

Khoury et al.4 R & K 20-s NS –  Bedtime to stage 2 sleep  
Ouellet et al. 5 R & K  30-s  Semi fixed - Participants instructed to go to bed at 

habitual bedtime, but were awoken between 
06:30- 07:00 h. 

Lights out to beginning of 
stage two sleep 

Prigatano et al.6 R & K NS Awoken 6-7 h after sleep Data not available 
Schreiber et al.7 R & K 30-s  NS Lights out to the first of 

three consecutive minutes of 
stage 2 sleep 

Shekleton et al.8 R & K NS Semi fixed – Participants arrived 2 h prior to 
habitual bed-time. Get into bed 15 min before 
lights-out and remain in bed for 8 h.  

Frist epoch of any stage of 
sleep other than awake  

Sommerauer et al. 9 AASM  NS NS – Although two participants were not woken 
in the morning and given the opportunity to sleep 
in 

NS 

Williams et al.10 R & K 30-s  Variable - Bedtime commenced at habitual 
bedtime. Participants permitted to sleep 
uninterrupted within the constraints of the next 
day schedule 

NS 

Note: Those studies that did not specify epoch length or definitions of sleep onset latency were assumed to not deviate from standard 
scoring criteria as outlined in column 2.Abbreviations: AASM = American academy of sleep medicine; h = hours; min = minutes; NS 
= not specified; R & K = Rechtschaffen and Kales; s = seconds. 

 

 

Table S3: Meta-regression statistics 

  SMD for % of stage 2 sleep  SMD for Latency to REM sleep 

Covariates  Estimate (SE) Q p  Estimate (SE) Q P 

Mean age of the TBI sample  0.00 (0.02) 0.04 0.85  0.02 (0.02) 0.83 0.36 

Time since TBI  -0.02 (0.01) 5.89 0.02  -0.01 (0.01) 1.98 0.16 

Abbreviations: Q = model summary statistic; REM = rapid eye movement; SE = standard error; SMD = standard mean difference; 
TBI = traumatic brain injury. Note that the meta-regression shows the association between the SMDs for the outcome measures and 
the covariates. Results show that a longer time since injury was associated with a larger SMD for the % of stage 2 sleep. Meta-
regression was only performed for latency to REM sleep and % of stage 2 sleep because all other outcomes involved less than 10 
available studies.   



 

Table S4. Pooled estimates for sensitivity analyses limited to cohorts of mild TBI severity 

Measure # of studies References n SMD (95% CI) I2 Model 

Total sleep time 4 3, 4, 7, 10 133 -0.55 (-0.89, -0.20) 0.00 Fixed 

Sleep latency 4 3, 4, 7, 10 133  0.60 (0.24, 0.96) 1.79 Fixed 

Wake after sleep onset 3 3, 4, 10 81  0.54 (0.09, 0.98) 0.00 Fixed 

Sleep efficiency 3 3, 4, 10 81 -0.53 (-0.98, -0.08) 60.42 Fixed 

Latency to REM 4 3, 4, 7, 10 133 -0.02 (-0.37, 0.34) 61.17 Fixed 

% REM sleep 4 3, 4, 7, 10 133 -0.37 (-0.72, -0.02) 27.79 Fixed 

% Stage 1 sleep 3 3, 4, 10 81  0.36 (-0.08, 0.80) 0.00 Fixed 

% Stage 2 Sleep 4 3, 4, 7, 10 133  0.30 (-0.05, 0.65) 17.35 Fixed 

% Slow wave Sleep 4 3, 4, 7, 10 133 -0.19 (-0.54, 0.16) 0.00 Fixed 

Abbreviations: CI= confidence interval; I2 = heterogeneity index; n = pooled sample size; REM = Rapid eye movement.   

 

 

Table S5. Pooled estimates for sensitivity analyses limited to cohorts of moderate to severe TBI 

Measure # of studies References n SMD (95% CI) I2 Model 

Total sleep time 3 1, 2, 8 116 -0.43 (-0.80, -0.06) 0.00 Fixed 

Sleep latency 3 1, 2, 8 116 0.07 (-0.30, 0.44) 0.00 Fixed 

Wake after sleep onset 3 1, 2, 8 116 0.62 (0.24, 0.99) 35.96 Fixed 

Sleep efficiency 2 1, 8 90 -0.69 (-1.12, -0.26) 17.78 Fixed 

Latency to REM 3 1, 2, 8 116 -0.33 (-0.70, 0.04) 0.00 Fixed 

% REM sleep 3 1, 2, 8 116 -0.12 (-0.49, 0.25) 32.29 Fixed 

% Stage 1 sleep 3 1, 2, 8 116 0.26 (-0.11, 0.63) 2.14 Fixed 

% Stage 2 sleep 3 1, 2, 8 116 -0.30 (-0.67, 0.07) 0.00 Fixed 

% Slow wave sleep 3 1, 2, 8 116 0.30 (-0.07, 0.67) 0.00 Fixed 

Abbreviations: CI= confidence interval; I2 = heterogeneity index; n = pooled sample size; REM = Rapid eye movement. 



 

Table S6. Pooled estimates for sensitivity analyses limited to cohorts without psychoactive 
medications 

Measure # of studies References n SMD (95% CI) I2 Model 

Total sleep time 4 3, 4, 6, 8 129 -0.23 (-0.53, 0.07) 4.32 Fixed 

Sleep latency 4 3, 4, 8, 9 181  0.29 (-0.01, 0.59) 33.78 Fixed 

Wake after sleep onset 3 3, 4, 8 109  0.76 (0.36, 1.15) 0.00 Fixed 

Sleep efficiency 5 3, 4, 6, 8, 9 201 -0.33 (-0.92, 0.26) 75.91 Random 

Latency to REM 5 3, 4, 6, 8, 9 201 -0.17 (-0.45, 0.10) 0.00 Fixed 

% REM sleep 4 3, 4, 6, 8 129 -0.29 (-0.63, 0.05) 0.00 Fixed 

% Stage 1 sleep 5 3, 4, 6, 8, 9 201 -0.12 (-0.78, 0.54) 80.59 Random 

% Stage 2 sleep 5 3, 4, 6, 8, 9 201  -0.30 (-0.58, -0.02) 42.89 Fixed 

% Slow wave sleep 4 3, 4, 6, 8 129 0.21 (-0.13, 0.55) 11.00 Fixed 

Abbreviations: CI= confidence interval; I2 = heterogeneity index; n = pooled sample size; REM = Rapid eye movement.  
 

 

Table S7. Pooled estimates for sensitivity analyses limited to studies that used 30 second epochs 

Measure # of studies References n SMD (95% CI) I2 Model 

Total sleep time   7 1, 2, 5, 7-10 286 -0.34 (-0.58, -0.11) 0.00 Fixed 

Sleep latency 7 1, 2, 5, 7-10 286 0.20 (-0.04, 0.44) 0.00 Fixed 

Wake after sleep 
onset 

5 1, 2, 5, 8, 10 162 0.62 (0.30, 0.93) 0.00 Fixed 

Sleep efficiency 6 1, 5, 6, 8-10 228 -0.55 (-1.07, -0.03) 72.59 Random 

Latency to REM 8 1, 2, 5-10 306 -0.26 (-0.49, -0.03) 26.04 Fixed 

% REM sleep 7 1, 2, 5-8, 10 234 -0.18 (-0.44, 0.07) 28.76 Fixed 

% Stage 1 sleep 7 1, 2, 5, 6, 8-10 254 0.02 (-0.51, 0.55) 76.75 Random 

% Stage 2 sleep 8 1, 2, 5-10 306 -0.21 (-0.55, 0.14) 55.26 Random 

% Slow wave sleep 7 1, 2, 5-8, 10 234 0.12 (-0.13, 0.38) 0.00 Fixed 

Abbreviations: CI= confidence interval; I2 = heterogeneity index; n = pooled sample size; REM = Rapid eye movement. 



REFERENCES 

1. Beaulieu-Bonneau S, Morin CM. Sleepiness and fatigue following traumatic brain injury. Sleep Med 2012;13:598-
605. 

2. Frieboes RM, Müller U, Murck H, Von Cramon DY, Holsboer F, Steiger. A Nocturnal hormone secretion and the 
sleep EEG in patients several months after traumatic brain injury. J Neuropsychiatr Clin Neurosci 1999;11:354-60. 

3. Gosselin N, Lassonde M, Petit D, et al. Sleep following sport-related concussions. Sleep Med 2009;10:35-46. 
4. Khoury S, Chouchou F, Amzica F, et al. Rapid EEG activity during sleep dominates in mild traumatic brain injury 

patients with acute pain. J Neurotrauma 2013;30:633-41. 
5. Ouellet MC, Morin CM. Subjective and objective measures of insomnia in the context of traumatic brain injury: A 

preliminary study. Sleep Med 2006;7:486-97. 
6. Prigatano GP, Stahl ML, Orr WC, Zeiner HK. Sleep and dreaming disturbances in closed head injury patients. J 

Neurol Neurosurg Psychiatry 1982;45:78-80. 
7. Schreiber S, Barkai G, Gur-Hartman T, et al. Long-lasting sleep patterns of adult patients with minor traumatic 

brain injury (mTBI) and non-mTBI subjects. Sleep Med 2008;9:481-87. 
8. Shekleton JA, Parcell DL, Redman JR, Phipps-Nelson J, Ponsford JL, Rajaratnam SM. Sleep disturbance and 

melatonin levels following traumatic brain injury. Neurology 2010;74:1732-38. 
9. Sommerauer M, Valko PO, Werth E, Baumann CR. Excessive sleep need following traumatic brain injury: A case-

control study of 36 patients. J Sleep Res 2013;22:634-39. 
10. Williams BR, Lazic SE, Ogilvie RD. Polysomnographic and quantitative EEG analysis of subjects with long-term 

insomnia complaints associated with mild traumatic brain injury. Clin Neurophysiol 2008;119:429-38. 

 


	230191
	exp brain injury/ or exp head injury/ or acquired brain injury/ or brain concussion/ or brain contusion/ or brain damage/ or brain stem injury/ or cerebellum injury/ or diffuse axonal injury/ or postconcussion syndrome/ or traumatic brain injury/
	59080
	(brain adj (injur* or concussion or trauma* or impairment*)).ti,ab.
	Traumatic brain injury Keywords title and abstract
	23270
	tbi.ti,ab.
	246764
	Traumatic brain injury MeSH and Keyword search - combined
	166759
	exp sleep/ or exp daytime somnolence/ or exp drowsiness/ or exp nonrem sleep/ or exp rem sleep/ or exp sleep pattern/ or exp sleep quality/ or exp sleep stage/ or exp sleep time/ or exp sleep waking cycle/ or exp sleep walking/ or exp slow wave sleep/ or exp somnolence/ or exp yawning/
	Sleep MeSH terms
	150386
	exp sleep disorder/ or exp circadian rhythm sleep disorder/ or exp daytime somnolence/ or exp drowsiness/ or exp excessive dreaming/ or exp hypersomnia/ or exp insomnia/ or exp narcolepsy/ or exp parasomnia/ or exp periodic limb movement disorder/ or exp sleep arousal disorder/ or exp sleep disordered breathing/ or exp sleep walking/
	23910
	exp polysomnography/
	24428
	(polysomnograph* or actigraph*).ti,ab.
	Sleep Keywords title and abstract
	176893
	sleep*.ti,ab.
	284351
	Sleep MeSH and keywords title and abstract - combined
	1021
	Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively
	May 26, 2015
	70868
	exp traumatic brain injury/ or exp brain damage/ or exp trauma/ or exp brain concussion/ or exp head injuries/
	Traumatic brain injury MeSH terms
	46595
	exp head injuries/ or exp injuries/ or exp brain concussion/ or exp brain damage/
	19218
	(brain adj (injur* or concussion or trauma* or impairment*)).ti,ab.
	Traumatic brain injury Keywords title and abstract
	6864
	tbi.ti,ab.
	75246
	Traumatic brain injury MeSH and Keywords - combined
	30599
	exp Sleep Onset/ or exp REM Sleep/ or exp NREM Sleep/ or exp Sleep Wake Cycle/ or exp Sleep/ or exp Sleep Disorders/
	Sleep MeSH terms
	5106
	(polysomnograph* or actigraph*).ti,ab.
	Sleep Keywords title and abstract
	53010
	sleep*.ti,ab.
	55633
	Sleep MeSH and Keywords title and abstract - combined
	1902
	Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively
	May 26, 2015
	16672
	tbi 
	Traumatic brain injury title and abstract keywords
	35040
	brain  impairment 
	1770
	brain  concussion 
	4002
	brain  trauma* 
	42891
	head injur*
	53388
	brain damage
	27270
	traumatic brain injury
	155688
	Traumatic brain injury title and abstract keywords - combined
	165494
	sleep*
	Sleep Keywords title and abstract
	14005
	polysomnograph* 
	3563
	actigraph* 
	32434
	sleep  disorder* 
	167243
	Sleep keywords title and abstract - combined
	420
	Traumatic brain injury AND Sleep MeSH and keyword search terms, respectively
	May 27, 2015
	4124
	Sleep explode all trees
	Sleep MeSH terms 
	1347
	Polysomnography explode all tress
	143
	Actigraphy explode all tress
	4525
	Sleep Disorders explode all tress
	16711
	Sleep 
	Sleep keywords
	2870
	polysomnograph* or actigraph*
	17123
	Sleep MeSH and keywords combined
	1155
	Brain injuries explode all tress
	Traumatic brain injury MeSH terms-
	74
	Brain concussion explode all tress
	5
	Diffuse Axonal injury explode all tress
	1394
	Intracranial Hemorrhages explode all tress
	8
	Cerebral Hemorrhage, Traumatic
	832
	TBI
	Traumatic brain injury keywords -
	5494
	brain injury or brain concussion or brain trauma or brain impairment
	7130
	Traumatic brain injury MeSH and Keyword terms

