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A B S T R A C T   

Fatigue-related motor vehicle crashes are common worldwide and have been addressed by a 
range of road safety campaigns. These campaigns are typically directed towards at-risk groups (e. 
g., heavy vehicle drivers), who may be likely to experience fatigue resulting from reduced or 
disrupted sleep opportunities. Another population likely to experience sleep loss and disruption is 
new parents. The sleep of new parents is likely to be significantly disrupted by childcare re-
sponsibilities. As such, new parents may also be likely to experience fatigue while driving. A 
systematic review of five databases (PubMed, Cumulative Index to Nursing and Allied Health 
Literature, PsycINFO, EMBASE, and the Cochrane Central Register of Controlled Trials) was 
performed to identify what research is currently available on sleep, fatigue, and driving in new 
parents. A total of twelve documents were included in this review. A synthesis of findings suggests 
new parents are at risk of fatigued driving – though the amount and quality of evidence available 
is limited. A research agenda is proposed to address the limitations of this field of research.   

1. Introduction 

In Australia, it is estimated that fatigue is a causal factor in up to 16% of all road crashes (Filtness, Armstrong, Watson, & Smith, 
2017; Mitchell, Senserrick, Bambach, & Mattos, 2015). Fatigue-related road crashes tend to be more severe than other road crashes 
(Boufous & Williamson, 2009; Thygerson, Merrill, Cook, Thomas, & Wu, 2011; Zhu & Srinivasan, 2011) due to a lack of corrective 
action (e.g., either a lack of, or late braking) taken by drivers experiencing either a microsleep or a lack of situational awareness. A 
significant proportion of research on driver fatigue has focused on at-risk populations, including shift workers (Anderson et al., 2018; 
Barger et al., 2005; Dorrian et al., 2008; Lee, Howard, Horrey, Liang, Anderson, & Shreeve, 2016), professional drivers (both of heavy 
(Zhang, Yau, Zhang, & Li, 2016) and light vehicles (Li, Yu, Ma, & Zhang, 2019; Wang, Li, & Prato, 2019)), individuals with sleep 
disorders (Kalsi, Tervo, Bachour, & Partinen, 2018; Philip et al., 2010; Rizzo et al., 2019), young or inexperienced drivers (Hutchens, 
Senserrick, Jamieson, Romer, & Winston, 2008; Obst, Armstrong, Smith, & Banks, 2011; Pack et al., 1995), and also the male gender 
(Filtness, Reyner, & Horne, 2012; Pack et al., 1995; Radun, Radun, Wahde, Watling, & Kecklund, 2015). Typically, these at-risk groups 
exhibit short or disrupted sleep opportunities, increased exposure (i.e., time spent driving), and/or personal factors that contribute to 
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risk (e.g., increased risk taking behaviours of young male drivers (Turner & Mcclure, 2003)). 
Based on previous research in these at-risk populations, a number of targeted road safety campaigns have been implemented in a 

range of jurisdictions (Adamos, Nathanail, & Kapetanopoulou, 2013; Fletcher, Mcculloch, Baulk, & Dawson, 2005; Jackson et al., 
2011). For example, the Australian road safety campaign “Don’t trust your tired self” aimed to reduce fatigued driving in young male 
drivers (Parnella, Fernandesa, Walkera, Suchardb, & Wilsonb, 2014). This campaign resulted in increased rates of self-assessment for 
tiredness prior to driving, and an increased perception of the importance of taking breaks while driving (Parnella et al. 2014). 
However, there may be other at-risk populations who are currently not targeted directly by road safety campaigns, and who may 
similarly benefit from this kind of education. A group potentially at elevated risk of fatigued driving is new parents, who are likely to 
experience poor sleep during the first months and years of parenthood (Gay, Lee, & Lee, 2004; Signal et al., 2007). For this review, the 
term new parents will be used to refer to parents of infants and young children (regardless of whether the infant or child is their first 
born). New mothers experience high levels of fatigue (Gay et al., 2004), in addition to sleep disruption and poor sleep quality 
(Montgomery-Downs, Insana, Clegg-Kraynok, & Mancini, 2010). As we might expect, this is largely due to waking for overnight 
feeding, changing nappies/diapers, or to settle the baby. Given the known relationship between sleep, fatigue, and driver safety (Al- 
Mekhlafi, Isha, & Naji, 2020), it is likely that new parents have a higher likelihood of fatigue-related errors, near misses, and crashes 
than the general public. 

Despite experiencing poor quality, disrupted sleep, and reporting high levels of daytime fatigue, evidence suggests that the total 
amount of sleep new mothers obtain over the 24-h day may, surprisingly, be similar to the general population (King, Rangel, Simpson, 
Tikotzky, & Manber, 2020; Montgomery-Downs et al., 2010; Richter, Krämer, Tang, Montgomery-Downs, & Lemola, 2019). While 
individual sleep duration may decrease after having children, studies suggest that new mothers typically obtain more than 7 h of sleep 
per 24 h period (King et al., 2020; Montgomery-Downs et al., 2010; Richter et al., 2019), which is within the standard recommen-
dations for healthy sleep for adults (7–9 h) (Hirshkowitz et al., 2015). Common reports of sleep disruption and daytime fatigue, 
combined with evidence that new mothers appear to obtain approximately 7 h of sleep per day on average, suggest that these in-
dividuals may feel fatigued even when they have had ‘enough sleep’ (Hirshkowitz et al. 2015). Reported fatigue and daytime 
dysfunction may instead be associated with the re-distribution of sleep time across the 24-h period (i.e., daytime napping and multiple 
short periods of sleep overnight) (Montgomery-Downs et al., 2010) (see Fig. 1). Indeed, sleep fragmentation (4 induced awakenings 
across 8 h in bed) has been shown to increase fatigue to an extent that is equivalent to 4 h sleep restriction (Kahn, Fridenson, Lerer, Bar- 
Haim, & Sadeh, 2014). The increase in fatigue may be particularly high when combined with poor sleep quality (Insana & 
Montgomery-Downs, 2013)– and potentially a greater sleep need (Gay et al., 2004). 

As fatigue in new parents may be caused by reduced sleep quality and altered distribution of sleep across the day, rather than sleep 
quantity, current advice, and road safety campaigns – which focus on general prior sleep amounts - may not be appropriate for this 
population. For example, the Australian road safety campaign which aimed to inform young male drivers to ‘not trust their tired 
selves’, included statements such as ‘get a good night’s sleep before your next drive’ – guidance which would likely be difficult for 
many new parents to follow. Additionally, new parents have unique social and personal circumstances, which are very different to 
populations that have been the traditional targets of fatigue-related road safety research (e.g., long-haul truck drivers, shift workers). 
For example, new parents typically do not have access to ‘time off’ in the same way as shift working populations (i.e., long, unin-
terrupted sleep opportunities on days off for shiftworkers), are likely to have different demographic characteristics than many shift 
working populations (e.g., younger age), and are comparatively less likely to have access to organisational resources and training (e.g., 
organisational fatigue or journey management systems provided to shiftworkers). In addition, gestational parents (i.e., parents who 
were pregnant) may be physically recovering from pregnancy and birth. Furthermore, some new mothers may be more likely to drive 
when fatigued compared to others, due to a range of contributory factors (e.g., work status, feeding style, infant sleep, or health). For 
some new parents, sleep and subsequent fatigue may also be impacted by the integration of parenthood and work. This may be 
particularly relevant for parents living in countries where maternity (Addati, Cassirer, & Gilchrist, 2020) or parental leave (Karu & 
Tremblay, 2018) is limited. In Australia, where the government provides up to 18 weeks of maternity leave pay at the minimum wage 
level, 26% of women return to work less than four months after the birth of their child (Australian Bureau of Statistics, 2018). For this 
group of women in particular, the combination of work and parenting responsibilities may lead to poorer overnight sleep and increased 
fatigue. Furthermore, for partners who are not the primary caregiver, government-supported parental leave in Australia is limited to 
just two weeks (Australian government, 2022) – after which these individuals would likely return to work and increase their driving 
frequency. 

Given the potentially severe consequences of fatigue-related errors while driving, it is critical to understand the relationship be-
tween sleep and driver fatigue in new parents. However, to date, driver fatigue in new parents has not been the focus of any systematic 

Fig. 1. Hypothetical example of sleep distribution for non-parents compared with new mothers. Shaded areas are representative of sleep time.  
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investigation. This review aims to understand the relationship between sleep, fatigue, and driver safety in new parents, and to examine 
any additional factors that may be associated with an increased likelihood of fatigued driving.. Furthermore, a secondary aim of this 
review is to understand any fatigue management countermeasures that may be useful for driving-related risk mitigation for new 
parents. 

2. Methods 

This systematic review was completed in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (see Supplementary Table 1 for PRISMA 2020 Checklist) (Liberati et al., 2009). The review was prospectively 
registered with PROSPERO (registration number CRD42021273140). 

2.1. Eligibility criteria 

This review was designed to target studies that include samples of parents with children aged under 4 years and where fatigue- 
related driving outcomes were measured. The criteria of having children under the age of 4 (as opposed to infants only) was cho-
sen given that by age 5, 75% of children sleep for an extended duration overnight (typically 11–12 h), and no longer require a daytime 
nap (Meltzer & Mindell, 2006). Under the SPIDER framework (Sample, Phenomenon of Interest, Design, Evaluation, Research type) 
(Cooke, Smith, & Booth, 2012), criteria were established for inclusion, which can be seen in Table 1. 

Due to the low number of academic publications available in sleep, fatigue, and driving in new parents, as determined by an initial 
scoping search, all English-language original academic document types that presented primary data were permitted in this review (e. 
g., thesis, conference abstracts or presentation, poster presentations). However, review or commentary articles, case studies, or grey 
literature were excluded. All quantitative and qualitative study designs were included. Where a study was available in both peer- 
review and other document (e.g., thesis or conference abstract), the peer-review journal publication was included only. 

2.2. Search strategy 

Five databases (PubMed, Cumulative Index to Nursing and Allied Health Literature, PsycINFO, EMBASE, and the Cochrane Central 
Register of Controlled Trials) were searched from articles published from database inception to June 2021. Search terms were 
developed based on pilot searches and previous reviews on motor vehicle crashes and fatigue (Bioulac et al., 2017; Moradi, Nazari, & 
Rahmani, 2019). Search terms included three key parts separated by the ‘AND’ Boolean operator: sleep, new parents, and driving. The 
full search strategy for each database can be seen in Supplementary Table 2. The reference lists of relevant reviews and articles 
(backward citation) and the reference lists of articles citing included articles (forward citation) were manually screened for additional 
potentially relevant articles. 

2.3. Selection process 

Once the search was completed, a title/abstract screening pilot was performed by five members of the research team (MS, MK, CG, 
GV, MC). The 100 most relevant results from the PubMed search were screened by all researchers using the search strategy. There was 
93% agreement between all authors on the pilot, after which consensus was reached regarding final inclusion/exclusion criteria. All 
search results were screened using Covidence systematic review software (Veritas Health Innovation, Melbourne, Australia). Two 
independent reviewers (MS and MC) then screened all included documents based on title/abstract. Any conflicts were resolved by a 
third author (GV). The remaining articles were then screened at the full text level by both independent reviewers (MS and MC) again 
with a third author (GV) providing adjudication if necessary. 

2.4. Data extraction 

Data extracted was performed by two authors (MC and MS), and included authors, document type (e.g., original article, conference 
presentation, thesis), study design, and population. Outcome measures that were extracted included measures of sleep quality (both 
subjective and objective measures where available), sleep duration, daytime sleepiness, and driving outcomes. Driving outcomes 
extracted included subjectively reported sleepiness during drives, driving performance (either on road or simulator), crash/near miss 
statistics, and driving-related errors. Where studies included countermeasures for fatigue, these were also extracted. For studies which 

Table 1 
SPIDER inclusion criteria.   

Sample Phenomenon of Interest Design Evaluation Research type 

Criteria Parents of child/ 
ren aged under 
four years. 

Fatigue-related driving performance and safety outcomes. 
This may include, for example, near misses/ crashes, self- 
reported fatigued driving, fatigue-related errors/incidents 
while driving (including simulated driving in free-living 
conditions). 

All study 
designs 
included. 

The relationship 
between sleep, fatigue, 
and driving. 

All research 
types included.  

M. Sprajcer et al.                                                                                                                                                                                                      



Transportation Research Part F: Psychology and Behaviour 89 (2022) 183–199

186

did not report relevant outcome (e.g., driving or sleep score) in text but were presented in a figure, Plotdigitizer software (Huwaldt & 
Steinhorst, 2015) was used to extract the data. 

2.5. Quality assessment 

Quality assessments were performed on included documents using the Joanna Briggs Institute (JBI) critical appraisal tools for cross 
sectional studies and randomised controlled trials (Joanna Briggs Institute 2017a, 2017b). Assessments were performed independently 
by two authors (MS and MC) and any disagreements were resolved via discussion. 

3. Results 

3.1. Study selection 

The search returned a total of 1421 documents for initial screening after duplicate removal (Fig. 2). Of these, 74 full text documents 
were assessed for eligibility, of which eight documents met the criteria for inclusion. Forwards and backwards citation tracking 
resulted in the inclusion of four additional records. It should be noted that two of these records represent unpublished studies from a 
postgraduate thesis. This search strategy resulted in a total of 12 documents included in the final review. 

3.2. Study characteristics 

Study characteristics for all included documents can be seen in Table 2. 

3.3. Quality assessment 

Quality assessments performed using JBI critical appraisal tools (cross sectional and randomised controlled trial tools) indicated a 
low to moderate level of quality in this field generally, with most cross sectional scores ranging from 0 to 5 (with one exception 
(Sánchez-García, Valero-Mora, Carvajal, & Sanmartín, 2019)) (see Tables 3 and 4). 

Reported sleep and fatigue outcomes included standard sleep metrics (e.g., total sleep time, sleep efficiency), daytime sleepiness, 
and drowsy driving. Driving outcomes included driving performance (either during actual drives or using a driving simulator), in 
addition to rates of near misses and crashes. Multiple groups of drivers (with a range of demographic factors) were included in these 

Fig. 2. PRISMA flow diagram for study inclusion.  
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Table 2 
Data extraction from included studies.  

Authors Type of 
document 

Country Study design Population Sleep quality Sleep duration Daytime 
sleepiness 

Driving outcomes Comments 

Armstrong 
et al., 
2015 

Original 
Article 

Australia Longitudinal n = 24 
Age: 30.2 ± 4.9 yrs 
Female: 100% 
All mothers had 
given birth to a 
single infant 
between March 
and December 
2008. 

7-day sleep/wake 
diary 
Night wakings/week 
6 weeks: 13.0 ± 3.2 
12 weeks: 11.4 ± 5.9 
18 weeks: 11.6 ± 7.3 

7-day sleep/wake 
diary 
Hours of sleep/week 
6 weeks: 52.2 ± 8.0 
12 weeks: 51.5 ±
6.5 
18 weeks: 52.1 ±
6.1 

– KSS 
% of driving episodes with 
high sleepiness as classified 
by Armstrong, MacKenzie & 
Smith (KSS score 5–9) 
6 weeks: 52.4%12 weeks: 
46.9%18 weeks: 35.5%  

Classification of 
drives as having 
‘high sleepiness’ or 
‘low sleepiness’ was 
determined by the 
authors and as such 
is arbitrary to a 
degree. A KSS score 
of ≥ 5 reflects a 
category of between 
‘neither alert nor 
sleepy’ to ‘sleepy’ or 
‘very sleepy’. 

Harpham 
et al., 
2018 

Original 
Article 

Australia Prospective 
randomised 

Female: 100% 
Early driving 
simulator group  
(2–3 weeks post- 
birth): n = 34 
<34 yrs: n =
16≥35 yrs: n =
18Total n  
(after dropout) =
19 
Late driving 
simulator group  
(5–6 weeks post- 
birth): n = 29<34 
yrs: n = 10≥35 yrs: 
n = 19Total n 
(after dropout) =
19 
All mothers had 
given birth 
between April 
2013 and March 
2014  

Overall quality of 
sleep since birth 
(score: 1–10, mean ± 
SD)Early driving 
simulator group (n =
19) 5.1 ± 2.3Early 
driving simulator 
group (n = 19) 6.4 ±
2.6  

Overall quality of 
sleep (score: 1 
(satisfactory)–4(very 
unsatisfactory)) in 
last weekEarly Drivers 
(n = 19)Satisfactory/ 
slightly unsatisfactory: 
n = 7Markedly or very 
unsatisfactory: n =
12Late drivers  
(n = 19)Satisfactory/ 
slightly unsatisfactory: 
n = 9 
Markedly or very 
unsatisfactory: n = 10 

– Self-report 
sleepiness during 
the day 
Early driving 
simulator group  
(n = 19)None/ 
Mild =
16Considerable =
3 
Early driving 
simulator group  
(n = 19)None/ 
Mild =
19Considerable =
0  

Symptoms on day of driving 
(score: 1–10, mean ± SD)   

Able to perform driving to 
best abilityEarly driving 
simulator group: 7.9 ±
1.7Early driving simulator 
group: 8.2 ± 2.7  

Driving simulator 
performance (p > 0.05 
between conditions for all 
outcomes)  

CollisionEarly driving 
simulator group: 3.0 ±
16.7Early driving simulator 
group: 4.0 ± 21.1  

TicketEarly driving simulator 
group: 7.0 ± 38.9Early 
driving simulator group: 7.0 
± 36.8  

LightsEarly driving simulator 
group: 2.6 ± 0.5Early driving 
simulator group: 2.6 ± 0.5   

Designed to 
understand driving 
capacity post- 
cesarean section, 
and as such did not 
include participants 
who delivered their 
baby vaginally or 
who adopted. 

Livingstone, 
et al., 
2009 

Unpublished 
Conference 
Paper 

Australia Mixed methods n = 24  

Age: 30.3 ± 4.9 yrs  

– – –  
Driving episodes at 12 weeks 
postpartum8.4 ± 4.4 times40 
± 16.4 mins duration  

Data collected at 12 
weeks postpartum 
only. 

(continued on next page) 
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Table 2 (continued ) 

Authors Type of 
document 

Country Study design Population Sleep quality Sleep duration Daytime 
sleepiness 

Driving outcomes Comments 

Female: 100%  % of driving episodes with 
high sleepiness as classified 
by Livingstone et al. (KSS 
score 5–9)32%  

Qualitative 
interviewsParticipants 
reported self-regulating 
driving behaviour to avoid 
driving when fatiguedReports 
of not remembering 
drivesImpacts on 
concentration and decision 
makingReports of fatigue- 
related driving errors  

Maasalo 
et al., 
2017 

Original 
Article 

USA Retrospective 
(crash data from 
the U.S. Fatality 
Analysis 
Reporting 
System for 
1994–2013) 

Female drivers 
with infant 
passengerYoung 
drivers  
(16–24 yrs):  

n = 1828Older 
drivers  
(25–39 yrs): 
n = 2055 

– – – Driver had fallen asleep or 
was fatigued  

Young drivers with infant =
3.9%Young drivers without 
infant passenger = 2.0% 
Significant difference 
between groups (p < 0.01) 
Older drivers with infant =
3.1%Older drivers without 
infant passenger = 1.5% 
Significant difference 
between groups (p < 0.01) 
Young vs. older drivers with 
infant = Not Significant  

Comparison of 
young and older 
drivers only. While 
many female drivers 
with an infant 
passenger would 
likely be mothers, 
this was not 
recorded. 

Maasalo 
et al., 
2019 

Original 
Article 

USA Retrospective 
(crash data from 
the U.S. Fatality 
Analysis 
Reporting 
System for 
1996–2015) 

All crashes with 
child passengers 
0–9 years 
n = 15316  

Age: 34.9 ± 11.8 
yrs  

Female: n =
10,861  

Male: n = 4,455   

– – – All crashes with child 
passengers 0–9 years (n =
4455) 
Asleep or fatigued = 1.9% 
Female with child passenger 
0–9 yearsAsleep or fatigued 
= 1.3%  

Child passengers 
were aged between 
0 and 9 years, data 
were not presented 
separately for 
infants or children 
aged under 4. 
Additionally, 
whether female 
drivers were the 
mothers of their 
child passengers 
was not recorded. 

Mackenzie, 
2016a 

Thesis (Study 
1 – Chapter 4 

Australia Longitudinal 6, 
12, 18, 24 weeks 
postpartum 

n = 19  

Age: 30.0 ± 3.9 yrs 

Sleep efficiency:  

Week 6 = 82.3%Week 

Sleep diary and 
actigraphy  

Epworth 
sleepiness scale 
(0 ¼would never 

Number of drives with high 
KSS scores (KSS score: 5–9)  

Thesis, not peer 
reviewed 
publication. 

(continued on next page) 
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Table 2 (continued ) 

Authors Type of 
document 

Country Study design Population Sleep quality Sleep duration Daytime 
sleepiness 

Driving outcomes Comments 

and 5)   
Female: 100% 

12 = 82.4%Week 18 =
89.3%Week 24 not 
reported  

Actigraphy sleep 
quality (measured by 
sleep efficiency per 
sleep bout):  

6 weeks = 93.1%12 
weeks = 92.6%18 
weeks = 92.5%Week 
24 not reported  

Scores did not 
significantly change  

Self-report sleep 
duration 
6 weeks = 7.3 ± 1.1 
h 
12 weeks = 7.3 ±
0.5 h 
18 weeks = 7.4 ±
0.6 h 
24 weeks = 7.3 ±
0.2 h  

Actigraphy sleep 
duration 
6 weeks = 7.1 ± 0.5 
h 
12 weeks = 7.1 ±
0.5 h 
18 weeks = 7.2 ±
0.4 h 

doze to 4 ¼ high 
chance of 
dozing)   

6 weeks = 11.1 ±
3.712 weeks =
11.8 ± 4.6 
18 weeks = 8.7 ±
4.324 weeks = 9.0 
± 3.5  

Time of day: 2100–0559 h 
6 weeks: 612 weeks: 218 
weeks: 324 weeks: 5  

Time of day: 0600–1059 h 
6 weeks: 3012 weeks: 3118 
weeks: 924 weeks: 12  

Time of day: 1100–1359 h 
6 weeks: 1612 weeks: 2318 
weeks: 1024 weeks: 15  

Time of day: 1400–1559 h 
6 weeks: 712 weeks: 918 
weeks: 1624 weeks: 10  

Time of day: 1600–2059 h 
6 weeks: 1812 weeks: 1718 
weeks: 2124 weeks: 15  

Measures used most 
frequently to manage 
fatigue while drivingswap 
driversdrink waterstop to eat 
or drinkput on loud music  

Mackenzie, 
2016b 

Thesis (Study 
2 – Chapter 6) 

Australia Cross-sectional Mothers of infants 
aged under 10 
months  

n = 137  

Age: 32.5 ± 4.6 yrs  

Female: 100% 

– Mean nightly sleep 
duration 6.2 ± 1.1 h  

Epworth 
sleepiness scale  

7.4 ± 4.1  

Average KSS while driving 
0600–1059 h: 4.0 ± 2.2 
1100–1359 h: 4.0 ± 1.9 
1400–1559 h 4.3 ± 2.1 
1600–2059 h: 4.7 ± 2.1 
2100–0559 h: 5.5 ± 2.3  

Frequency of incident since 
infant’s birth 
Forgotten to turn on the car 
lights when driving at night: 
n = 11 
Forgotten to put on your 
seatbelt while driving: n = 4 
Forgotten to put on child 
passenger’s seatbelt: n = 21 
Forgotten to fasten the strap 
on the baby capsule: n = 54 
Fallen asleep or nodded off, 
even for a moment, whilst 
driving: n = 7  

Thesis, not peer 
reviewed 
publication. 

USA Cross-sectional – – – 

(continued on next page) 
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Table 2 (continued ) 

Authors Type of 
document 

Country Study design Population Sleep quality Sleep duration Daytime 
sleepiness 

Driving outcomes Comments 

Macy et al., 
2014 

Original 
Article 

Parents of child 
aged 1 – 12 years 
n = 570  

Age: 
18–29 yrs = 27.0% 
30–19 yrs = 30.3% 
40 + yrs = 12.1% 
Missing/no 
response = 30.5%  

Female: 80% 

Reported drowsy driving in 
the past year: 20% 

Child passengers 
were aged between 
1 and 12 years, data 
were not presented 
separately for 
infants or children 
aged under 4. 

Malish & 
Arastu, 
2016 

Original 
Article 

USA Cross- sectional n = 72 
Female: 92%  

Age:Near miss or 
motor vehicle 
accident group (n 
= 20): 28.8 ± 7.7 
yrsNo accident 
group  
(n = 52): 26.9 ±
5.9 yrs 
Parents of children 
born in the 
previous 12 
months  

General Sleep 
Disturbance Scale   

Mean sleep quality 
domain score 
(clinically significant 
score: >3)Near miss or 
motor vehicle accident: 
(n = 20) 4.2 ± 1.5No 
accident: (n = 52) 3.4 
± 1.6  

Mean wakings per 
nightNear miss or 
motor vehicle accident: 
(n = 20) 1.8 ± 1.3No 
accident:  
(n = 52) 2.2 ± 1.3  

Self-report bed and 
wake times  

Mean sleep 
durationOverall: 6.4 
± 1.8 hNear miss or 
motor vehicle 
accident: (n = 20) 
6.2 ± 1.4 hNo 
accident: (n = 52) 
6.5 ± 1.9 h  

Epworth 
Sleepiness Scale 
Near miss or 
motor vehicle 
accident:  
(n = 20) 7.7 ±
3.5No accident: (n 
= 52) 6.2 ± 4.0  

Feeling sleepy while 
driving 
DailyNear miss or motor 
vehicle accident: 5.0 
No accident: 3.8  

3–5 days per weekNear miss 
or motor vehicle accident: 
15.0 
No accident: 3.8  

1–2 days per weekNear miss 
or motor vehicle accident: 5.0 
No accident: 5.8  

Few times per month 
Near miss or motor vehicle 
accident: 40.0 
No accident: 19.2  

<1 per monthNear miss or 
motor vehicle accident: 40.0 
No accident: 67.4  

Fallen asleep while 
drivingNear miss or motor 
vehicle accident: 15.0 
No accident: 5.8  

Overall (all new parents) 
Driving while sleepy at least 
once per week: 18.1%Falling 
asleep while driving: 8.3% 
Near miss accident reported: 
22.2%  

Cross sectional 
survey data only. 

Spain Cross-sectional – – 

(continued on next page) 
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Table 2 (continued ) 

Authors Type of 
document 

Country Study design Population Sleep quality Sleep duration Daytime 
sleepiness 

Driving outcomes Comments 

Sánchez- 
García 
et al., 
2019 

Original 
Article 

n = 67 women 
attending infant 
children (i.e., 
caregivers of 
children) (WAI)  

n = 45 women not 
attending infant 
children (i.e., no 
caregiving of 
children) (WNAI) 
Age: 34.6 ± 5.1 yrs  

Fatigue 
Assessment Scale 
(10 (low fatigue) 
– 50 (high 
fatigue))WAI: 9.5 
± 7.0WNAI: 6.1 ±
4.5  

Visual Analogue 
Scale to Evaluate 
Fatigue 
SeverityWAI: 
49.8 ± 23.0WNAI: 
34.5 ± 20.1 

Attention related errors 
when driving (ARDES)  

WAI: 32.7 ± 8.9WNAI: 30.28 
± 6.6   

Driving incidentsWAI: 9.0% 
WNAI: 23.3%  

Driving incidents since 
your child was bornWAI: 
6.0%WNAI: N/A 

Participants 
described as 
‘women attending 
infant children’ and 
as such were not 
necessarily 
mothers. 

Sedgley 
et al., 
2012 

Original 
Article 

Australia Longitudinal/ 
Cross- sectional 
(surveys at 
hospital then 
6–8 weeks 
postpartum) 

n = 100  

Age: 
18–34 yrs: n = 63 
≥ 35 yrs: n = 38  

Women who 
delivered by 
caesarean section 

– – – Reports of fatigue leading to a 
perceived decreased level of 
concentration (n = 3)  

If drove prior to 6 weeks 
postpartum, 83% did not 
report any anxiety and 
feltconfident about their 
ability to drive  
safely.No  
vehicle accidents reported at 

second survey.  

Designed to 
understand driving 
capacity post- 
cesarean section, 
and as such did not 
include participants 
who delivered their 
baby vaginally or 
who adopted. 

Sweeney 
et al., 
2009 

Conference 
Abstract 

New 
Zealand 

Longitudinal 
(late pregnancy 
and 12 weeks 
postpartum) 

n = 29Age: 34.0 
yrs  
(range 24–44 yrs) 
Female: 100% 

General Sleep 
Disturbance Scale   

63% classified as poor 
sleepers at 12 weeks 
postpartum  

Total sleep time   

4–6 weeks = 7.75 h   

12 weeks = 7.10 h  

– 37% reported drowsy driving 
(12 weeks postpartum).Of the 
women who had driven 
drowsy in the last week  
(at 12 weeks postpartum), 
80% had baby and/or 
children in vehicle.  

Conference abstract 
only, full data not 
presented. 

Note: KSS - Karolinska Sleepiness Scale. 
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studies, and as such, findings are presented on factors associated with fatigued driving in new parents. Additionally, countermeasures 
used to manage fatigued driving in this population (e.g., swapping drivers, drinking water) were included in several studies. 

3.4. Sleep 

Six studies included subjectively measured sleep along with measures of fatigued driving (Armstrong, Mackenzie, & Smith, 2015; 
Harpham, Shand, Lainchbury, Nassar, & Leung, 2015; Mackenzie 2016a, b; Malish & Arastu, 2016; Sweeney, Signal, Jones, & Gander, 
2009). Of these studies, just one also included an objective measure of sleep (Mackenzie, 2016a). Within these studies, the number of 
overnight wakings, self-reported sleep quality, and sleep efficiency were typically poorer in new parents than the general population. 
Overnight wakings (11–13 wakings/week) (Armstrong et al., 2015), and poor or moderate self-reported sleep quality ratings 
(Harpham et al. 2015; Mackenzie, 2016a; Sweeney et al., 2009) were reported. Additionally, poor sleep efficiency (82.4% of time in 
bed spent asleep) was seen during the early postpartum period (12 weeks) (Mackenzie, 2016a). Furthermore, new parents who had not 
experienced a near miss or crash reported better quality sleep (3.4 ± 1.6 points in the sleep quality domain of the General Sleep 
Disturbance Scale) than those who had (4.2 ± 1.5 points), though both groups reported similar numbers of overnight wakings (1.8 ±
1.3 compared with 2.2 ± 1.3 wakings) (Malish & Arastu, 2016). 

Six studies included measures of total sleep time per day Mothers’ sleep and driving in the postpartum period. J. Trenorden, K. A. 
Armstrong and S. S. Smith SLEEP 2012 26th Annual Meeting of the Associated Professional Sleep Societies 2012 (Sweeney et al., 2009, 
Armstrong et al., 2015, Mackenzie 2016b, a, Malish & Arastu, 2016). Reported sleep duration ranged between 6.0 and 7.5 h/ day, with 
two studies suggesting that this population obtained less sleep than the recommended minimum (i.e., <7h sleep per 24 h) (Mackenzie, 
2016b; Malish & Arastu, 2016). However, three studies suggested that total sleep time was>7 h per day (Armstrong et al., 2015; 
Mackenzie, 2016a; Sweeney et al., 2009). Study 1 of the thesis by Mackenzie (2016a) found self-reported sleep duration of 7:3 ±
1:1h–7:3 ± 0:2h at 6 and 24 weeks postpartum. This same study also reported actigraphically measured sleep, which indicated a 
similar trend (6 weeks = 7:1 ± 0:5h; 18 weeks = 7:2 ± 0:4h), though no actigraph data were reported at 24 weeks postpartum. Further, 
more self-reported nighttime sleep was obtained by parents who had not experienced a crash (6.5 ± 1.9 h/night), than those who had 
(6.2 ± 1.4 h) (Malish & Arastu, 2016). 

3.5. Daytime sleepiness 

Daytime dysfunction was reported by new parents in four studies (Harpham et al. 2015; Mackenzie 2016b, a; Malish & Arastu, 
2016). The Epworth Sleepiness Scale (ESS) was generally used as a measure of daytime sleepiness, with a wide range of reported 
scores. The standard threshold value for the ESS is 10, with scores ≥ 11 reflecting excessive daytime sleepiness. ESS scores of 6.2 ± 4.0 
points (no crashes reported) and 7.7 ± 3.5 points (crash/es reported) were reported by parents of children aged under 1 year (Malish & 
Arastu, 2016), while scores of 7.36 ± 4.1 were seen in a sample of 137 mothers who had given birth to a child in the previous 7 months 
(Mackenzie, 2016b). Additionally, ESS scores of 11.1 ± 3.7 points were seen at 6 weeks postpartum, which decreased to 9.0 ± 3.5 

Table 3 
JBI cross sectional quality assessment (n = 11).  

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

Armstrong et al. (2015) U Y Y – N N Y Y 4  50.0% 
Livingstone et al. (2010) Y N U – – – – – 1  12.5% 
Maasalo et al. (2017) Y N Y Y N N N Y 4  50.0% 
Maasalo et al. (2019) Y N Y Y N N N Y 4  50.0% 
Mackenzie (2016a) Y Y Y – N N Y Y 5  62.5% 
Mackenzie (2016b) Y Y Y – N N N Y 4  50.0% 
Macy et al. (2014) Y Y N – Y Y N Y 5  62.5% 
Malish and Arastu (2016) U Y Y – N N Y Y 4  50.0% 
Sánchez-García et al. (2019) Y Y Y – Y Y Y Y 7  87.5% 
Sedgley et al. (2012) Y Y N – N N U U 2  25.0% 
Sweeney et al. (2009) N N U – U U U U 0  0.0% 

Note: 17% scoring responses in this table were disagreed upon between assessors. 
Y = yes; N = no; U = unsure; - = not applicable. Higher total scores are indicative of higher quality documents. 

Table 4 
JBI randomised controlled trial quality assessment (n = 1).  

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

% 

Harpham, Shand, Lainchbury, Nassar & 
Leung (2015) 

Y Y Y N N Y Y Y Y Y Y Y U 10  76.9% 

Note: 23% scoring responses in this table were disagreed upon between assessors. 
Y = yes; N = no; U = unsure; - = not applicable. Higher total scores are indicative of higher quality documents. 
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points at 24 weeks (Mackenzie, 2016a). Conversely, one study found that few new mothers reported ‘considerable’ daytime sleepiness, 
while most reported either none or mild sleepiness (Harpham et al. 2015). 

3.6. Drowsy driving 

Seven studies included a measure of drowsy driving (Armstrong et al., 2015;Livingstone, Armstrong, Obst, & Smith, 2010; 
Mackenzie 2016a, b; Macy, Carter, Bingham, Cunningham, & Freed, 2014; Malish & Arastu, 2016; Sweeney et al., 2009), with esti-
mates ranging from 18.1% of new parents reporting drowsy driving at least once per week (Malish & Arastu, 2016), to 37% in the 
previous week (at 12 weeks postpartum) (Sweeney et al., 2009), to 20% in the past year (Macy et al., 2014). Furthermore, one study 
indicated that over 50% of driving episodes at 6 weeks postpartum occurred when Karolinska Sleepiness Scale (KSS) scores ≥ 5, 
indicating high levels of fatigue (Armstrong et al., 2015). This study indicated that between 35 and 45% of drives at 12 and 18 weeks 
postpartum were associated with KSS scores of 5 or higher (Armstrong et al., 2015). Similarly, at 12 weeks postpartum, a separate 
study found that 32% of all drives were associated with a KSS score ≥ 5 (Livingstone et al., 2010). Two studies in the thesis by 
MacKenzie (2016a, 2016b) provided information on KSS scores during drives at varying times of day. Findings of Study 1 indicated 
that drives with high KSS scores were seen at all times of day, with the lowest number seen during the overnight period (2100–0559 h), 
likely as a result of fewer drives occurring during this time generally (Mackenzie, 2016a). Findings of Study 2 indicated that, un-
surprisingly, the highest KSS scores (5.5 ± 2.3) were seen between 2100 and 0559 h as compared with other times of day, where scores 
ranged from 4.0 ± 2.2 between 0600 and 1059 h and 4.7 ± 2.1 between 1600 and 2059 h (Mackenzie, 2016b). 

3.7. Driving performance 

Three studies included measures of driving performance (Harpham et al. 2015; Sánchez-García et al., 2019; Sedgley, Rickard, & 
Morris, 2012). One study compared self-reported attention-related driving errors in samples of new mothers and controls (women with 
either no children or children aged > 6 years), and found similar rates of errors, despite seeing far higher rates of daytime fatigue in 
new mothers (Sánchez-García et al., 2019). Just one study investigated driving performance using a driving simulator with a popu-
lation of new mothers. This study found that there was no difference in driving performance based on time since birth (comparing 2–3 
weeks to 5–6 weeks post birth), though no comparison to a non-parent control group was included (Harpham et al. 2015). Another 
study, while not directly assessing driving performance and/or errors, found that 83% of new mothers felt confident about their ability 
to drive safely in the 8 weeks post-birth. However, this sample of women had given birth via caesarean section, and as such this study 
focused on post-surgery physical capacity rather than fatigue-related safety (Sedgley et al., 2012). 

3.8. Motor vehicle crashes, near misses, and incidents 

Two studies used population-level data to examine the relationship between motor vehicle crashes and fatigue (Maasalo et al. 2017, 
2019). These studies used the presence of a young child (Maasalo, Lehtonen, & Summala, 2019) or infant (Maasalo, Lehtonen, & 
Summala, 2017) in the vehicle as a proxy for being a parent. However, these studies did not verify parenthood. As such, it is possible 
that individuals were caregivers (or other friends/relatives) of the child/ren, rather than parents. One of these studies indicated that at 
the population level, between 3.1 and 3.9% of crashes occurred where the driver was fatigued or had fallen asleep (Maasalo et al., 
2017). The second study using this retrospective crash dataset suggested that when a child aged < 9 was in the vehicle the fatigue- 
related crash rate decreased to under 2% (Maasalo et al., 2019). 

Four studies included subjective reports of vehicle crashes (Mackenzie, 2016b; Malish & Arastu, 2016; Sánchez-García et al., 2019; 
Sedgley et al., 2012). One study compared groups of new parents who had, and had not, experienced a near miss or motor vehicle 
crash. This study found that those who had reported a crash or near miss reported poorer sleep outcomes, in addition to greater rates of 
having fallen asleep while driving in the past (Malish & Arastu, 2016). Another study showed that 6% of women attending infant 
children (i.e., caregivers of children) reported having had a ‘driving incident’ since the birth of their child – though the definition of 
‘driving incident’ is unclear (Sánchez-García et al., 2019). Study 2 of the Mackenzie (2016b) thesis asked 137 new mothers to report 
how frequently they had experienced a range of impairment related incidents since the birth of their child. Commonly reported in-
cidents included forgetting to fasten the strap on the baby capsule (n = 54) and forgetting to put on a child’s seatbelt (n = 21), though 
few participants reported falling asleep while driving (n = 7). Conversely, another study of 100 women found no reports of vehicle 
crashes in the 8 weeks post-birth (Sedgley et al., 2012). 

3.9. Factors associated with fatigued driving, fatigue-related driving errors, and near misses 

Just two studies investigated whether having an infant in the vehicle was associated with an increased risk of fatigue-related 
driving errors and/or near misses in new parents (Maasalo et al. 2017, 2019). One study compared younger (16–24 years) with 
older (25–39 years) drivers with and without an infant passenger based on retrospective crash data (Maasalo et al., 2017). This study 
found that there was a significantly greater risk of a fatigue-related crash for both older and younger women when an infant was in the 
vehicle. However, this study did not differentiate between drivers who were also parents (as opposed to a temporary caregiver or other 
family member). In a second study based on retrospective crash data, 1.9% of all crashes where a child aged 0–9 years was present were 
reported as having fatigue as a causal factor (Maasalo et al., 2019). 

When gender was considered, slightly lower rates of vehicle crashes were seen for female drivers (1.3%) (Maasalo et al., 2019). 
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Additionally, younger female drivers (16–24 years) with infant passengers had slightly higher rates of crashes attributed to fatigued 
driving than an older age group (25–39 years) (Maasalo et al., 2017). Two studies included in this review assessed driver fatigue and/ 
or crash likelihood based on the time since birth. These studies both indicated that the number of fatigued drives decreased over time 
since birth (Armstrong et al., 2015; Mackenzie, 2016a). Similarly, driving ability based on driving simulator performance was 
generally poorer sooner after the birth of the child (2 – 3 weeks post-birth as opposed to 5 – 6 weeks post-birth) (Harpham et al. 2015). 

3.10. Fatigue management countermeasures 

Two studies addressed countermeasures used to manage fatigued driving (Livingstone et al., 2010; Mackenzie, 2016a). One study 
found that participants reported self-regulating their driving behaviour to avoid driving when they were experiencing fatigue (Liv-
ingstone et al., 2010). Mackenzie (2016a) indicated that measures most frequently used to manage fatigue while driving included 
swapping drivers, drinking water, stopping to eat or drink, and putting on loud music. No indication was provided as to the efficacy of 
these strategies in these studies. However, one study did note that having another adult in the vehicle was associated with a decreased 
crash risk (though this was not explicitly framed as a deliberate countermeasure) (Maasalo et al., 2019). 

4. Discussion 

This systematic review aimed to understand the relationship between sleep, fatigue, and driver safety in new parents. A synthesis of 
the included studies (n = 12) suggests that this is an under-researched area, where evidence is sparse, generally of low quality, and 
based on heterogenous data sources. The evidence presented in the included studies suggests that new parents are likely to experience 
higher rates of drowsy driving than the general population, potentially as a result of disrupted or poor-quality sleep. However, this 
systematic review of the literature highlights a range of key opportunities for future research (see Fig. 3 for an overview of key 
components of our proposed research agenda). 

Much of the sleep data in the included studies were subjective – with just one study including a validated, objective measure of 
sleep (Mackenzie, 2016a). However, it should be noted that the study that used objective measures, performed by Mackenzie (2016a), 
was part of an unpublished thesis and as such has not been peer reviewed via the publishing process. Self-reported sleep measures in 
this study suggested that even in the weeks after giving birth, mothers obtained close to 7.5 h sleep per day. However, when compared 
with objectively measured sleep, these reports appear to overestimate total sleep time – with actual sleep time closer to 7 h per 24-h 
period. The discrepancy between subjective and objective sleep measures reflects our understanding of self-reported sleep measures in 
other populations – which are likely to incorrectly estimate total sleep time (Girschik, Fritschi, Heyworth, & Waters, 2012). For 
example, approximately half of a sample of pregnant women either under- or over-estimated their total sleep time by over one hour 
(Herring et al., 2013). Similar inconsistencies have been seen in populations of adolescents (Arora, Broglia, Pushpakumar, Lodhi, & 
Taheri, 2013), and young women (Jackowska, Ronaldson, Brown, & Steptoe, 2016), suggesting that self-reported sleep may not 
accurately reflect actual sleep time. As such, there is a clear need for future research investigating sleep, fatigue, and driver safety in 

Fig. 3. Proposed research agenda addressing fatigued driving in new parents Shaded areas are representative of sleep time.  
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new parents using objective measures of sleep – to ensure that interpretation of the relationship between sleep and safety outcomes in 
this population is based on accurate sleep information. Objective sleep measurement is a key component of our proposed research 
agenda. 

Several studies measured drowsy driving in new parents. The data indicated that a high proportion of drives performed by new 
parents (new mothers specifically) were done when the driver was experiencing high levels of fatigue. These studies typically used a 
self-report measure of fatigue, and classified self-reported drives as being ‘fatigued’ or ‘not fatigued’ based on the reported score. Of 
note, these studies typically classified drives as ‘fatigued’ when KSS scores were 5 (“neither alert nor sleepy”), which may overestimate 
the frequency of fatigued drives. Several studies investigated KSS scores across the 24 h period, and generally found that while scores 
were higher at night, drives during the night were less frequent (Mackenzie, 2016a, b). This is perhaps unsurprising given both 
circadian factors and the limited potential reasons new parents may need to drive at night (i.e., minimal practical needs and the low 
social value of this time (Baker, Ferguson, & Dawson, 2003)). However, limited information was reported on why drives were un-
dertaken either during the overnight period or at other times when fatigue likelihood is high. As such, future research would ideally 
investigate the timing and rationale for fatigued drives - key information which could inform fatigue risk management 
countermeasures. 

A key metric for assessing fatigue-related driving is the performance of the task itself, including attention related errors, lane 
deviation, and harsh braking. Despite the importance of these metrics, just three studies included an assessment of driver performance, 
though measurement strategies vary widely and make comparison difficult (Harpham et al. 2015; Sánchez-García et al., 2019; Sedgley 
et al., 2012). In addition, driving performance data collected in the 6–8 weeks post-birth (Harpham et al. 2015; Sedgley et al., 2012), 
may be confounded by physical recovery post-birth. Furthermore, it is possible, indeed likely given the longer term impact of 
parenthood on sleep (Hale, Emanuele, & James, 2015), that driving performance decrements are seen beyond the 6–8 weeks after 
giving birth. Not only this, but little information is available discriminating between new parents who gave birth as compared with 
those who did not, which would help to identify the effect of post-birth recovery on driving performance as compared with (and in 
addition to) infant-care related fatigue. As a result of both the lack of current research and the inconsistency in data collection 
methodologies, it is clear that further research is also necessary investigating objective driving performance in both gestational and 
non-gestational new parents. 

Two included studies analysed large scale motor vehicle crash data from the United States Fatality Analysis Reporting System 
(Maasalo et al. 2017, 2019). One study suggested that drivers with an infant in the vehicle were more likely to have experienced a crash 
where they were either fatigued or had fallen asleep prior to the crash (Maasalo et al., 2017), while the other study provided estimated 
prevalence rates of fatigue related crashes for drivers with child passengers (Maasalo et al., 2019). While these studies are useful in 
estimating the scope of the problem in the United States, these findings may not be generalisable to other jurisdictions. Furthermore, 
while prevalence rates are important to understand, these studies do not evaluate specific factors that may result in higher rates of 
fatigue and/or fatigue-related vehicle crashes, and do not differentiate between parents and other drivers with young children in their 
vehicles. As such, there is a gap in our current understanding of both the scope of the problem outside of the United States, and factors 
likely to impact fatigue-related crash rates. This is a critical area for future research given the lack of objective motor vehicle crash data 
that considers whether the driver was a parent, was experiencing fatigue, and/or had a child in the car at the time. 

Little is known about the specific factors associated with either an increased likelihood of fatigued driving, fatigue-related driving 
errors, or near misses/crashes in new parents. Two studies investigated the impact of having a child in the vehicle (Maasalo et al. 2017, 
2019), suggesting that there is a potential additive (or confounding) effect of distraction on the likelihood of driving errors. However, 
of note, these studies used the presence of a child in the vehicle as a proxy for identifying whether the driver was a parent. As such, it is 
possible that individuals who experienced a vehicle crash in this sample were not parents, but instead were caregivers, family, or 
friends. Additionally, two studies included in this review were based on data collected that included child passengers aged between 
0 and 9 years (Maasalo et al., 2019) and 1 – 12 years (Macy et al., 2014), and did not present data for infants or younger children 
separately from older children. As such, it is likely that these data either over- or under-estimate the impact of being a new parent on 
driver fatigue. Furthermore, Masaalo et al. (2019) suggests that it is fathers rather than mothers who are at greater risk of fatigue- 
related vehicle crashes. We can speculate that this may reflect increased risk-taking behaviour in men (Turner & Mcclure, 2003) or 
an increased amount of time spent driving (Santamariña-Rubio, Pérez, Olabarria, & Novoa, 2014). This finding aligns with some 
previous evidence suggesting that men are more likely than women to experience a fatigue-related vehicle crash (Filtness et al., 2012; 
Pack et al., 1995; Radun et al., 2015) or drive while fatigued (SWOV Institute for Road Safety Research 2019). However, as most of the 
research into fatigue and driving in new parents focuses on women, the differential impact of being a new parent on fatigue-related 
driving risk is unclear. Interestingly, no studies included measures of infant sleep or health concerns that may impact sleep (e.g., 
obstructive sleep apnea, reflux). These infant factors are likely to impact parent sleep – and as such may also be associated with an 
increased risk of fatigued driving. 

Several studies (Armstrong et al., 2015; Harpham et al. 2015; Mackenzie, 2016a) compared fatigue-related driving outcomes based 
on the time elapsed since the birth of the child. There was a trend for the proportion of fatigued driving to decrease over time 
(Armstrong et al., 2015). This may be unsurprising given the likely reduction to parental sleep disruption over time (i.e., based on 
infant development and likely increased nighttime sleep duration). However, none of the included studies addressed the proportion of 
drowsy drives while also considering exposure to driving. This is a critical area for future research given the likelihood of increased 
driving time with infant age, which may also be impacted by a return to work in the primary caregiver. Future research must also 
consider other factors that may increase the likelihood of experiencing a fatigue-related crash, including considering both driving 
exposure and the likelihood of fatigue. We propose that future research should undertake analyses using a risk assessment framework – 
where the likelihood of fatigue, the consequences of a fatigue-related error, and the degree of exposure to the hazard (i.e., time spent 
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driving) can be considered. This approach would ideally result in the development of proportionate and practical control measures that 
could be implemented by new parents. 

To minimise the likelihood of a crash, many individuals use specific strategies or countermeasures to manage fatigue while driving 
(Anund, Fors, Kecklund, Leeuwen, & Åkerstedt, 2015). Despite the frequency of fatigued driving in new parents, countermeasures for 
fatigue were investigated by just two studies (Livingstone et al., 2010; Mackenzie, 2016a). The countermeasures described within the 
literature can be broadly broken into two categories; 1) parental decisions not to drive under certain circumstances, and 2) within- 
drive countermeasures. In the qualitative study performed by Livingstone et al. (2010), participants reported self-regulating their 
driving behaviour (i.e., avoiding certain driving entirely) as a fatigue management strategy. While avoiding driving when fatigued is 
certainly a good strategy for managing fatigue-related driving risk, new parents do not currently have any consistent information 
provided on how to make the decision to drive (or not). Evidence suggests that generally, people are reasonably good at determining 
whether they are sufficiently alert to drive safely (Williamson, Friswell, Olivier, & Grzebieta, 2014). Despite this level of awareness, 
there appears to be a disconnect between feeling “too fatigued to drive” – and actually deciding not to drive (Watling, Armstrong, Obst, 
& Smith, 2014). As such, despite the indication that some parents may choose not to drive at times, it is unclear how these decisions are 
being made, and under what circumstances. In another study, participants primarily reported using within-drive strategies in an effort 
to minimise their fatigue, including drinking water, eating or drinking, or putting on loud music (Mackenzie, 2016a). However, there is 
limited objective evidence that these strategies actually reduce fatigue and/or the likelihood of a fatigue-related error (or crash). In 
fact, there is evidence to suggest that in-vehicle countermeasures such as increasing music volume or winding down a window are 
“popular, but hardly effective” (Schwarz et al., 2012). 

A great deal of research has been performed into effective countermeasures for driver fatigue within both the general public and 
certain groups (e.g., professional drivers) (Hashemi Nazari, Moradi, & Rahmani, 2017). Typically, countermeasures can be broadly 
categorized as being policy-based (i.e., legislative regulation of driving hours for heavy vehicle drivers (Queensland Government, 
2018)), education-based (i.e., safety advertisement campaigns (Fletcher et al., 2005)), behavioural (e.g., caffeine use, napping, having 
breaks (Watling, Armstrong, & Radun, 2015)), or engineering (e.g., fatigue detection technology (Liu, Li, Lv, & Xu, 2019)). These 
countermeasures are broadly considered to be effective (to varying degrees) within their target populations and should thus be 
considered for implementation by new parents. While demonstrably effective within certain groups (e.g., heavy vehicle drivers), there 
may be differences in effectiveness or appropriateness for new parents. For example, legislative regulation of driving hours is clearly 
not applicable for new parents (though there has been recent discussion on the practicality and ethics of pre-drive mandated sleep 
minimums (Dawson, Sprajcer, & Thomas, 2021)). Additionally, while caffeine consumption may be effective in the short term, it may 
impact new parents’ ability to ‘sleep when the baby sleeps’ post-drive. As a result, there is a critical need for future research to both 
design and evaluate countermeasures that could be used by new parents to minimise fatigue-related driving risk. The development of 
targeted countermeasures forms a critical part of our proposed research agenda (see Fig. 3). Ideally, future research would involve 
direct engagement with new parents to identify perceived barriers and enablers of reducing fatigued driving. Furthermore, the 
identification of contributory factors to fatigued driving in new parents would form part of this research, to assist with the development 
of appropriate and proportional countermeasures. 

Certain countermeasures that appear effective in other populations (who experience similar sleep disruption) may also be 
appropriate for new parents. For example, there may be scope to consider the following countermeasures for use by new parents:  

a.) Targeted awareness campaigns 

Anecdotal evidence suggests that new parents are not currently exposed to any targeted messaging regarding driver safety. As such, 
there may be a lack of awareness of the risks associated with fatigued driving. Given this population, an educational appeal may be a 
particularly useful strategy, as messaging could be designed to target the safety of children in the vehicle with their (tired) parent. 
Evidence suggests that emotional safety awareness campaigns can be particularly effective for driving behaviour change (Rossiter & 
Thornton, 2004; Tay & Ozanne, 2002).  

b.) Direct education 

Including a component within standardised postnatal care or education regarding parental driver safety may also be an effective 
way to communicate the risks associated with fatigued driving. Education could be delivered as part of post-natal care, to help support 
awareness, and to direct new parents to available support (e.g., low-cost transport alternatives and/or technological solutions – see 
below). Furthermore, information could be provided regarding optimal driving times (i.e., avoiding driving at night where possible), 
and potential strategies for managing driving exposure (e.g., for two-parent households, this might include considering which parent 
needs to drive the following day when deciding who will provide overnight infant care).  

c.) Availability of alternate transport options 

Given it is unlikely that interventions for new parents would be able to minimise fatigue (due to the inherent sleep disruption 
associated with parenthood), or reduce the need for driving, providing appropriate low-cost transport options may be an alternative 
countermeasure. As many families do not have access to public transport due to location or infrastructure issues (or the difficulty 
associated with negotiating public transport with infants/children), driving is often seen as the main option for travel with young 
children. However, if rideshare or taxi services could be made more affordable and accessible for new parents, this may be seen as a 
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low-cost, practical alternative to driving at times when fatigue is high. Ideally a subsidised program for rideshare/taxi services would 
be managed via government as a population-level strategy for managing fatigue-related risk. Similar programs are currently in place 
for other populations who are unable to use either their own or public transportation. For example, subsidised taxi transport (50–75% 
of cost covered by state government programs) is currently in use in Australia for individuals with permanent or severe disabilities. As 
such, there may be the capacity for these programs to be extended to new parents.  

d.) Use of engineering controls. 

Within-vehicle technological management strategies for fatigue-related driving risk are currently used in a variety of industries 
worldwide. In particular, industries where workers are likely to experience fatigue while driving (i.e., due to shift work) are 
increasingly using in-vehicle fatigue detection technology options as a risk management strategy to prevent fatigue-related vehicle 
crashes (Cori et al., 2021; Dawson, Searle, & Paterson, 2014). Technological options range from the detection of high-risk driving 
behaviours (e.g., lane deviation, speeding), to physiological monitoring (e.g., brain activity), or camera-based systems that provide 
alerts if the driver’s eyes close while driving (Sikander & Anwar, 2018). These systems have been integrated effectively within many 
organisational safety management systems, and are predicted to be used more widely by the public in future (Department of Transport 
and Main Roads and Queensland Government 2018, Queensland Government, 2019). As a countermeasure for the new parent pop-
ulation, fatigue detection technology may be an attractive option, given the relatively limited additional effort and/or time required 
for use after initially either fitting the device within a vehicle and/or putting on a wearable. As associated costs may be prohibitive for 
some families, there would ideally be scope for government-supported rental of these devices, much in the same way as other items are 
available in some jurisdictions (e.g., in Australia, breast pumps can be rented at a low-cost from public hospitals post-birth, and child 
safety items such as car seats can be rented from non-profit organisations). A similar strategy may be effective for new parents – to 
avoid the initial outlay, while ensuring driver safety in the critical months post-birth/adoption. 

This review is the first to investigate the relationship between sleep, fatigue, and driving outcomes in new parents. While this is a 
key strength, this review is limited by the generally low quality of evidence available. Critically, the authors made the decision to 
include theses and conference abstracts or presentations, along with peer-reviewed publications. However, the inclusion of documents 
that have not previously undergone a rigorous and formal peer review process has understandably reduced the overall quality of 
included studies and limits the amount of information that was available for review (e.g., in the case of short conference abstracts with 
limited methodology or result information available). However, given the sparse literature, it was necessary to include these document 
types to ensure that all available information could be synthesised. Furthermore, some included studies did not present data separately 
based on child age, and as such likely included data from families with children aged over 4 years. The decision was made to also 
include these studies given the dearth of evidence available in this area, but is a limitation of the present review. This further highlights 
the need for future research on new parents, sleep, and driving outcomes. 

The available evidence from the included studies in this review suggests that new parents are a population at risk of fatigue-related 
errors, near misses, and crashes while driving – but there is much we do not know. It appears that new parents may obtain a similar 
amount of sleep per 24 h to many other members of the population – but there are unique characteristics (e.g., sleep disruption) that 
appear to be linked to an increased likelihood of drowsy driving and subsequent fatigue related vehicle crashes. We currently have a 
limited understanding of the scope of this issue (particularly in countries other than the United States), contributory factors, and the 
efficacy of strategies used to manage fatigue-related driving risk in new parents. Not only this, but there is a dearth of objective sleep 
and driving data available in this population. As a result, there is a critical need for further research in this population, to promote the 
road safety of new parents – and their children. 
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