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Supplementary Material A: Search strategy
	Database (Date)
	Search Terms
	Filters(s)
	Result

	PubMed 
(2021-10-07)
	(Sleep OR Nap OR Asleep OR Wake OR Wakefulness OR Awake) 
AND (Extended OR Episode OR Duration OR Restriction OR Restricted OR Loss OR Deprivation OR Efficiency OR Rest OR (Dose-Response) OR ((Prior OR Preceding OR History OR Habitual) AND (24 hours))) 
AND (Motorway OR Driving OR Driver OR Automobile OR Car OR Truck OR (Road Traffic) OR (Motor Vehicle))
AND (Accident OR Crash OR Collision OR Incident OR Injury OR Fatality OR Safety OR Speeding OR Acceleration OR SDLP OR (Lateral Position) OR (Lane Position) OR (Lane Deviation))
	Include: 
Full text, 
English, 
Humans, 
Journal, 
2000-2021

Exclude: 
Reviews
	863

	Web of Science
(2021-10-07)
	ALL=(Sleep OR Nap OR Asleep OR Wake OR Wakefulness OR Awake)
AND ALL=(Extended OR Episode OR Duration OR Restriction OR Restricted OR Loss OR Deprivation OR Efficiency OR Rest OR (Dose-Response) OR ((Prior OR Preceding OR History OR Habitual) AND (24 Hours)))
AND ALL=(Motorway OR Driving OR Driver OR Automobile OR Car OR Truck OR (Road Traffic) OR (Motor Vehicle))
AND ALL=(Accident OR Crash OR Collision OR Incident OR Injury OR Fatality OR Safety OR Speeding OR Acceleration OR SDLP OR (Lateral Position) OR (Lane Position) OR (Lane Deviation))
	Include: 
English, 
Journal Article, 
2000-2021
	1331

	Scopus
(2021-10-07)
	TITLE-ABS-KEY (Sleep OR Nap OR Asleep OR Wake OR Wakefulness OR Awake)
AND TITLE-ABS-KEY (Extended OR Episode OR Duration OR Restriction OR Restricted OR Loss OR Deprivation OR Efficiency OR Rest OR (Dose-Response) OR ((Prior OR Preceding OR History OR Habitual) AND (24 Hours)))
AND TITLE-ABS-KEY (Motorway OR Driving OR Driver OR Car OR Truck OR Automobile OR (Road AND Traffic) OR (Motor AND Vehicle))
AND TITLE-ABS-KEY (Accident OR Crash OR Collision OR Incident OR Injury OR Fatality OR Safety OR Speeding OR Acceleration OR SDLP OR (Lateral AND Position) OR (Lane AND Position) OR (Lane AND Deviation))
	Include: 
English, 
Journal Article,
2000-2021
	702

	Embase
(2021-10-07)
	(Sleep or Nap or Asleep or Wake or Wakefulness or Awake).af.
AND (Sleep or Nap or Asleep or Wake or Wakefulness or Awake).af.
AND (Motorway or Driving or Driver or Car or Truck or Automobile or Road Traffic or Motor Vehicle).af.
AND (Accident or Crash or Collision or Incident or Injury or Fatality or Safety or Speeding or Acceleration or SDLP or Lateral Position or Lane Position or Lane Deviation).af.
	Include: 
English, 
Human, 
Article, 
2000-2021
	519







Supplementary Material B: Methodological Details
Selection Process
All records produced by the database searches were initially exported into Endnote (Version 20.2.1, Clarivate, Philadelphia), where duplicates were removed automatically, followed by manual checks to ensure that all duplicates were removed. The remaining unique records were uploaded to the PICO Portal (Version 1.0.2022.0124, PICO Portal, New York) online platform. All records then underwent screening for eligibility by two reviewers in two stages, based on the criteria. At the first stage, records were screened based on title and abstract. The PICO Portal system presented each abstract one at a time, using a machine-learning algorithm based on keywords to present relevant abstracts first. Each abstract was reviewed by two reviewers - one principal reviewer who screened all abstracts (AK), and one of three other reviewers who screened a subset each. At the second stage, records were screened based on the full text by the same reviewers. At each stage of dual review, both reviewers were required to agree to include or exclude the article. There was 92.5% agreement for abstracts and 84.6% agreement for full-text articles. Of the disagreements, 85.2% were resolved via discussion between the reviewers and a judicator facilitated the final decision for the remainder.  
Data collection process
Data were extracted from studies included in the review by three reviewers (AK, MS, ES). Each reviewer worked independently to extract relevant data from each study. Notes were made alongside each record where there were uncertainties about the methods, analyses, or results. Studies with any identified uncertainty were discussed between reviewers (including GR) to reach consensus.
Data items
Data extracted from the studies included in this review comprised participant characteristics (e.g., number of participants, age, gender, key identifying demographics of the population), study design, sleep duration/TIB, and driving outcomes. Data have been collated based on study design (experimental or quasi-experimental, naturalistic, longitudinal, case-control, cross-sectional). Where possible, odds ratios were extracted and are included within the relevant data extraction tables. Data extraction tables are based on the Cochrane Consumers and Communication Review Group template 1.
Synthesis methods
Studies were categorized based on design: (1) experimental / quasi-experimental studies, (2) naturalistic or longitudinal studies, (3) case-control studies, and (4) cross-sectional studies. Studies were synthesized based on design because in this context design reflected evidence types - with different levels of associated confidence in their findings. For example, while experimental studies allow us to directly compare prior sleep-wake behaviour (as this has been controlled), there may be limitations in real world applicability. Conversely, observational studies may have additional confounding factors, but likely reflect real-world driving performance.
Data analysis
All studies included in the present systematic review were examined for relevant outcome data which would allow for inclusion in meta-analysis. Studies that presented sufficient odds ratio data or data which allowed for calculation of odds ratio and variance were considered for inclusion. Studies were included in the meta-analysis if they had sufficiently similar reference and outcome categories for sleep (i.e., all studies used six hours sleep vs less than six hours sleep) to allow accurate interpretation of results. To avoid attributing excess weight to studies only one relevant driving incident was included in analysis in order of severity (vehicle crash, falling asleep while driving, injury, or driving error).
Random effects Odds Ratio meta-analysis was conducted using the “meta” 2 and “dmetar” 3 packages in R 4 and R Studio 5 for pooled analysis where there was at least two comparable primary studies 6. Pre-calculated Odds Ratio effect sizes were extracted from primary studies, where possible adjusted Odds Ratio were used for analysis. Standard Error was calculated from confidence intervals using established guidelines 6. Studies which reported risk ratio were converted to odds ratio 6. Inverse variance method, with Paule-Mandel procedure was used due to the extraction of pre-calculated effect sizes7. Heterogeneity in studies was examined using I2 and Q statistics. Funnel plots were visually expected for asymmetry which may indicate the influence of publication bias 8. The potential of publication bias was also assessed through calculation of Eggers’ test 8. Publication bias is the phenomenon that studies with significant findings are more likely to be published and thus is an important consideration in meta-analysis 9.
Sensitivity analysis was conducted using leave-one-out analysis to asses if removal of any single study influenced the overall results 6. A prior sub-group analysis were planned for each specific driving outcome type (i.e. crash, injury, falling asleep, driving error) where at least two different subgroups were available 10, and mixed effect subgroup analysis was undertaken.
Quality assessment
Joanna Briggs Institute (JBI) critical appraisal tools for randomised controlled trials, quasi-experimental studies, cross-sectional studies, and case control studies were used to examine the quality of studies included in this review 11,12. JBI tools include a series of criterion that are assessed for quality (e.g., appropriate study design, strength of statistical analyses, management of confounders, validity, reliability). For each criterion, studies are rated “Yes”, “No”, “Unclear”, and “Not Applicable”. These outcomes are used to produce an overall score for each study, which is indicative of study quality. Higher scores reflect better study quality and are also presented as a proportion of criterion which have been scored as ‘Yes’. Studies were categorised as being of low quality if they scored ≤40%, moderate quality if they scored >40 to ≤70%, and of high quality if they scored >70% 13. Assessments were performed by two reviewers. See Supplementary Material C for an overview of the criterion used to assess studies within each JBI tool. 



Supplementary Material C: JBI Criterion
Criterion for Randomised Controlled Trials
	#
	Criterion

	1
	Was true randomization used for assignment of participants to treatment groups?

	2
	Was allocation to treatment groups concealed?

	3
	Were treatment groups similar at the baseline?

	4
	Were participants blind to treatment assignment?

	5
	Were those delivering treatment blind to treatment assignment? 

	6
	Were outcomes assessors blind to treatment assignment?

	7
	Were treatment groups treated identically other than the intervention of interest?

	8
	Was follow up complete and if not, were differences between groups in terms of their follow up adequately described and analyzed?

	9
	Were participants analyzed in the groups to which they were randomized?

	10
	Were outcomes measured in the same way for treatment groups?

	11
	Were outcomes measured in a reliable way?

	12
	Was appropriate statistical analysis used?

	13
	Was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and analysis of the trial?



Criterion for Quasi-Experimental Studies
	#
	Criterion

	1
	Is it clear in the study what is the ‘cause’ and what is the ‘effect’ (i.e., there is no confusion about which variable comes first)?

	2
	Were the participants included in any comparisons similar? 

	3
	Were the participants included in any comparisons receiving similar treatment/care, other than the exposure or intervention of interest?

	4
	Was there a control group?

	5
	Were there multiple measurements of the outcome both pre and post the intervention/exposure?

	6
	Was follow up complete and if not, were differences between groups in terms of their follow up adequately described and analyzed?

	7
	Were the outcomes of participants included in any comparisons measured in the same way? 

	8
	Were outcomes measured in a reliable way?

	9
	Was appropriate statistical analysis used?



Criterion for Case Control Studies
	#
	Criterion

	1
	Were the groups comparable other than the presence of disease in cases or the absence of disease in controls?

	2
	Were cases and controls matched appropriately?

	3
	Were the same criteria used for identification of cases and controls?

	4
	Was exposure measured in a standard, valid and reliable way?

	5
	Was exposure measured in the same way for cases and controls?

	6
	Were confounding factors identified? 

	7
	Were strategies to deal with confounding factors stated?

	8
	Were outcomes assessed in a standard, valid and reliable way for cases and controls?

	9
	Was the exposure period of interest long enough to be meaningful?

	10
	Was appropriate statistical analysis used?



Criterion for Analytical Cross-Sectional Studies
	#
	Criterion

	1
	Were the criteria for inclusion in the sample clearly defined?

	2
	Were the study subjects and the setting described in detail?

	3
	Was the exposure measured in a valid and reliable way?

	4
	Were objective, standard criteria used for measurement of the condition?

	5
	Were confounding factors identified?

	6
	Were strategies to deal with confounding factors stated?

	7
	Were the outcomes measured in a valid and reliable way?

	8
	Was appropriate statistical analysis used?






Notes:  Adapted from  Joanna Briggs Institute.11,12


2Information Classification: General


Supplementary Material D: Publication bias

[image: ]
Supplementary Figure 1. Funnel plots for publication bias. Panel A: Five hours or more vs less than five hours, Panel B: Six hours or more vs less than six hours, Panel C: Seven hours or more vs less than seven hours.



Supplementary Material E: Quality Assessment Outcomes
	Supplementary Table 1. Quality assessment of experimental studies (n = 10)*
	

	Author
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12
	Q13
	JBI Score
	%

	Bartrim et al. (2020) 14
	Y
	Y
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Y
	U
	Y
	11
	85

	Caponecchia & Williamson (2018) 15
	Y
	Y
	Y
	N
	U
	U
	Y
	U
	N
	Y
	Y
	Y
	Y
	8
	62

	Miyata et al. (2010) 16
	Y
	U
	Y
	N
	Y
	U
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10
	77

	Philip et al. (2005a) 17 
	Y
	U
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10
	77

	Philip et al. (2005b) 18
	Y
	U
	Y
	N
	N
	U
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	9
	69

	Shekari Soleimanloo et al. (2019) 19 
	Y
	U
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10
	77

	Shiferaw et al. (2018) 20
	Y
	U
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10
	77

	Vakulin et al. (2007) 21
	Y
	U
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10
	77

	Wijayanto et al. (2021) 22 
	Y
	N
	Y
	N
	N
	U
	N
	Y
	Y
	Y
	Y
	Y
	Y
	8
	62

	Zeller et al. (2020) 23
	Y
	U
	U
	N
	N
	U
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	8
	62

	% of studies that met quality criteria for each question
	100
	20
	90
	10
	20
	40
	90
	90
	90
	100
	100
	90
	100
	
	


* Note: the JBI tool for analysis of randomised controlled trials was used. Red = low quality, yellow = moderate quality, green = high quality. 




	Supplementary Table 2. Quality assessment of quasi-experimental studies (n = 11)*
	

	Author
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	JBI Score
	%

	Akerstedt et al.(2010) 24
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	8
	89

	Anderson & Horne (2013) 25
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	7
	78

	Barrett et al. (2004) 26
	Y
	Y
	Y
	N
	Y
	U
	Y
	Y
	Y
	7
	78

	Cai et al. (2021) 27
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	8
	89

	De Valck & Cluydts (2001) 28
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	7
	78

	Filtness et al. (2012) 29
	Y
	N
	Y
	Y
	Y
	U
	Y
	Y
	Y
	7
	78

	Horne et al. (2003) 30
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	8
	89

	Jongen et al. (2015) 31
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	7
	78

	Otmani et al. (2005) 32
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	Y
	6
	67

	Perrier et al. (2016) 33
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	7
	78

	Pizza et al. (2004) 34
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	8
	89

	% of studies that met quality criteria for each question
	100
	82
	91
	18
	55
	82
	100
	100
	100
	
	


* Note: the JBI tool for analysis of quasi-experimental studies was used. Red = low quality, yellow = moderate quality, green = high quality. 





	Supplementary Table 3. Quality assessment of naturalistic and longitudinal studies* (n=4)
	

	Author
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	JBI Score
	%

	Hanowski et al. (2007) 35

	Y
	Y
	Y
	N/A
	N
	N
	U
	Y
	4
	50

	Liu et al. (2019) 36

	Y
	N
	N
	N/A
	N
	N
	Y
	Y
	3
	38

	Martiniuk et al. (2013) 37

	Y
	Y
	Y
	N/A
	Y
	Y
	Y
	Y
	7
	88

	Smith et al. (2021) 38
	Y
	Y
	N
	N/A
	N
	N
	Y
	Y
	4
	50

	% of studies that met quality criteria for each question
	100
	75
	50
	0
	25
	25
	75
	100
	
	


* Note: the JBI tool for analysis of cross-sectional studies was used. Red = low quality, yellow = moderate quality, green = high quality. 




	Supplementary Table 4. Quality assessment of case-control studies (n = 11)*
	

	Author
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	JBI Score
	%

	Cummings et al. (2001) 39
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	9
	90

	Connor et al. (2002) 40
	N
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y
	7
	70

	Stutts et al. (2003) 41
	Y
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y
	8
	80

	Dorrian et al. (2011) 42
	U
	Y
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	7
	70

	Bakiri et al. (2013) 43
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10
	100

	Galéra et al. (2012) 44
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10
	100

	Stevenson et al. (2014) 45
	Y
	Y
	N
	N
	N
	Y
	U
	Y
	Y
	Y
	6
	60

	Herman et al. (2014) 46
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	9
	90

	Philip et al. (2014) 47
	Y
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y
	8
	80

	Tefft (2018) 48
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	9
	90

	Kalsi et al. (2018) 49
	N
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Y
	Y
	8
	80

	% of studies that met quality criteria for each question
	64
	100
	45
	82
	64
	91
	82
	100
	100
	100
	
	


* Note: the JBI tool for analysis of case-control studies was used. Red = low quality, yellow = moderate quality, green = high quality. 



	Supplementary Table 5. Quality assessment of cross-sectional studies (n=25)*
	

	Author
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	JBI Score
	%

	Abe et al. (2012) 50
	Y
	Y
	N
	N/A
	Y
	Y
	Y
	Y
	6
	75

	Abe et al. (2010) 51
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	7
	88

	Abe et al. (2011) 52
	Y
	Y
	N
	N
	Y
	Y
	N
	Y
	5
	63

	AlShareef et al. (2021) 53
	N
	Y
	Y
	N
	Y
	Y
	Y
	Y
	6
	75

	Andreassen (2018) 54
	Y
	Y
	Y
	N/A
	Y
	Y
	N
	Y
	6
	75

	Center for Disease Control and Prevention (2011) 55
	Y
	Y
	N
	N/A
	Y
	N
	N
	Y
	4
	50

	Center for Disease Control and Prevention (2013) 56
	Y
	Y
	N
	N/A
	Y
	N
	N
	Y
	4
	50

	Chen et al. (2010) 57
	Y
	Y
	Y
	N/A
	Y
	Y
	N
	Y
	6
	75

	Di Milia et al. (2012) 58
	Y
	Y
	Y
	N/A
	Y
	Y
	N
	Y
	6
	75

	Elliman et al. (2020) 59
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	8
	100

	Hutchens et al. (2008) 60
	Y
	Y
	Y
	N/A
	Y
	Y
	N
	Y
	6
	75

	Ikeda et al. (2021) 61
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	8
	100

	Johnson et al. (2017) 62
	Y
	Y
	N
	Y
	Y
	Y
	N
	Y
	6
	75

	Kim et al. (2018) 63
	N
	Y
	Y
	N/A
	Y
	Y
	Y
	Y
	6
	75

	Lemke et al. (2016) 64
	Y
	Y
	N
	N/A
	N
	N
	N
	Y
	3
	38

	Mahajan et al. (2019a) 65
	N
	Y
	N
	N/A
	Y
	N
	Y
	Y
	4
	50

	Mahajan et al. (2019b) 66
	Y
	Y
	N
	N/A
	Y
	Y
	N
	Y
	5
	63

	Maia et al. (2013) 67
	Y
	Y
	N
	N
	N
	N
	N
	Y
	3
	38

	Morrow et al. (2004) 68
	Y
	Y
	N
	N/A
	N
	N
	N
	Y
	3
	38

	Ohayon et al. (2010) 69
	Y
	Y
	Y
	N/A
	N
	N
	Y
	Y
	5
	63

	Perttula et al. (2011) 70
	Y
	Y
	N
	N/A
	Y
	N
	N
	Y
	4
	50

	Quera Salva et al. (2014) 71
	Y
	Y
	N
	N/A
	Y
	Y
	Y
	Y
	6
	75

	Radun et al. (2004) 72
	Y
	Y
	Y
	N
	Y
	Y
	U
	Y
	6
	75

	Watling et al. (2020) 73
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	8
	100

	Wu et al. (2020) 74
	Y
	Y
	Y
	N/A
	Y
	Y
	N
	Y
	6
	75

	% of studies that met quality criteria for each question
	88
	100
	48
	20
	84
	68
	40
	100
	
	


* Note: the JBI tool for analysis of cross-sectional studies was used. Red = low quality, yellow = moderate quality, green = high quality. 
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