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ARTICLE INFO ABSTRACT
Keywords: Background: Although abundant evidence suggests that Urban Public Transport (UPT) workers are
Urban public transport workers at high risk of poor mental health, there is no consensus on the exposures that explain these
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Mental health
Organizational interventions
Literature review

outcomes, nor on the effectiveness of mental health interventions in this occupational group.
Objective: This study aims to systematically review the literature on the mental health of UPT
workers to assess the effects of occupational exposures and interventions.

Method: A systematic review was conducted following the PRISMA guidelines. The literature
search was performed from 1990 to December 2021 in three databases (PubMed, Scopus, and the
Web of Science). The included observational, experimental, intervention and qualitative studies
were critically appraised and assessed for risk of bias. A narrative evidence synthesis was con-
ducted by mental health outcomes, occupational exposures, and intervention categories.
Results: The database search yielded 1383 records. A total of 83 studies (49 cross-sectional, 8
longitudinal, 8 experiments, 7 interventions, and 11 qualitative) met the inclusion criteria. Bus
drivers were the most studied population, followed by metro and train drivers. The included
studies covered eleven mental health outcomes: sleep problems, fatigue and recovery needs,
alcohol and substance use, PTSD, panic disorders, depression, anxiety, psychopathology symp-
toms, psychosomatic symptoms, and psychological stress. Work organization-related stressors
(work content, workload and pace, working hours, participation and control, career development,
status and salary, role in the organization, and interpersonal relationships) and occupational
safety risks are the main predictors of negative mental health outcomes. Most intervention studies
focus on the management of PTSD symptoms of UPT workers exposed to safety hazards.
Conclusion: The results of this review contribute to the consensus on the antecedents of negative
mental health outcomes among UPT workers, as well as to the identification of intervention
targets and promising research lines for the development of this study field.
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1. Introduction

The expansion of urban public transport (UPT) systems is a global trend, driven by the need to lower carbon emissions, noise
pollution, and traffic congestion (Budd and Ison, 2020). Currently, it is estimated that the UPT industry employs 7.3 million formal
workers worldwide (ILO, 2021), who provide an essential service for post-covid economic recovery (Budd and Ison, 2020; Dai et al.,
2021; Docherty et al., 2021; Vickerman, 2021), especially in large cities and low-and-middle-income countries (Koehl, 2020). How-
ever, UPT employees are an occupational group exposed to hazardous working conditions, especially chemical exposures to suspended
particulate matter (Gromadzinska and Wasowicz, 2019); physical exposures to elevated temperatures, noise, and vibrations (Golinko
et al., 2020); and psychosocial work exposures such as traffic congestion, conflicts with passengers and road users (including assaults),
rotating shift schedules, tight time schedules, work-home conflict and witnessing traumatic events (e.g. traffic crashes or suicides)
(Clarner et al., 2015; Tse et al., 2006).

Numerous studies have associated the occupational risks of UPT with the physical and mental health of workers. Most of the
available evidence, focused on bus drivers, suggests that UPT working conditions are associated with cardiovascular, musculoskeletal,
and gastrointestinal diseases, psychological stress, anxiety, and depression (Evans, 1994; Kompier and Di Martino, 1995; Ragland
et al., 1998; Tse et al., 2006). These health outcomes are caused by direct endocrine and metabolic reactions to environmental ex-
posures (e.g. physical and chemical hazards) (Golinko et al., 2020; Gromadzinska and Wasowicz, 2019), or more commonly by chronic
stress-related psychophysiological wear (i.e. allostatic load) (Juster et al., 2010). In turn, impaired mental health reduces attentional
capacity and psychomotor control, which are essential resources for safe performance in public transportation-related tasks such as
driving, passenger support and traffic control (Taylor and Dorn, 2006). Building on the accumulated knowledge about occupational
exposures of UPT workers, some interventions to improve their mental health have focused on both risk removal and stress man-
agement skills (e.g. Kompier et al., 2000). However, the growing evidence on the occupational risks of UPT has not generated the
expected increase in the production of evidence-based interventions and evaluative research (Tse et al., 2006), which to date remain
scarce.

In previous literature reviews, four studies report that urban bus drivers have a greater risk for stress-related mental disorders,
which in turn are associated with absenteeism, sick leave, and negative safety outcomes (Evans, 1994; Kompier and Di Martino, 1995;
Ragland et al., 1998; Tse et al., 2006). Additionally, two systematic reviews (Clarner et al., 2015; Carey et al., 2021) have found that
the exposure to traumatic events on public transportation, such as suicide and violence, increases the risk of Post Traumatic Stress
Dissorder (PTSD), anxiety, and depression in train, subway, and bus drivers.

These findings consistently suggest that mental disorders represent high economic and health burdens for the UPT industry and
workers. Nevertheless, previous review studies have three key limitations: i) they are focused exclusively on the working conditions
and mental health outcomes of UPT drivers, preventing comparisons between occupational groups; ii) they focus primarily on the
outcomes of occupational exposures, without examining the effectiveness of intervention studies; and iii) most of them (Evans, 1994;
Kompier and Di Martino, 1995; Ragland et al., 1998; Tse et al., 2006) used quasi-systematic methodological designs (i.e. without an
explicit research protocol), which makes them irreproducible and vulnerable to selection and interpretation bias (Pae, 2015).

To overcome the limitations of previous literature reviews, this study investigates the effects of occupational exposures and in-
terventions on the UPT workers’ mental health using a systematic approach based on the PRISMA protocol (Moher et al., 2009). In
order to include a wide spectrum of outcomes, mental health was defined according to the WHO (2001) as a “state of well-being in
which the individual realizes his or her own abilities, can cope with the normal stresses of life, can work productively and fruitfully,
and is able to make a contribution to his or her community™.

The results of this review are expected to contribute to consensus on the determinants of mental health in UPT workers, and support
the formulation of evidence-based work redesign and individual mental health interventions. These efforts to improve working
conditions in the UPT industry are urgently needed not only to enhance workers’ health and safety, but to ensure quality of service and
sustainability in a vital public service.

2. Method
2.1. Aim

Systematically review the literature to assess the effects of occupational exposures and interventions on UPT workers’ mental
health.

2.2. Review methodology

This study was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
The review protocol was registered on INPLASY (Registry code: 202,310,076.). The inclusion and exclusion criteria were set a priori
and according to the Population, Intervention/Exposure, Comparison, Outcome and Study Design (PICOS) framework. In particular,
the inclusion criteria were:

Population: Formal UPT workers of any age or gender, including drivers/maintainers/operators. Studies that include other occu-
pational groups as well as UPT workers were considered eligible if separate results on the association between working conditions and
UPT workers’ mental health could be extracted. Exposure/Intervention: Physical, chemical, biological, ergonomic, safety and psy-
chosocial work exposures; and workplace mental health interventions. Comparison: none. Outcomes: quantitative or qualitative
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assessments of stress, well-being, psychiatric or mental health symptoms. Study design: Considering the methodological heterogeneity
in the research field, study design inclusion criteria were not specified.

The exclusion criteria were: articles published in languages other than English; case reports, conceptual articles, editorials, letters,
conference proceedings, books and book chapters, and literature reviews; articles on self-employed or informal transport workers;
studies on drug testing of transport workers which do not assess mental health outcomes associated to working conditions; studies
which assess safety outcomes related to working conditions or mental health problems of UPT workers; studies which assess physical
health outcomes associated with the working conditions of UPT workers; and studies on stress biomarkers (as they are mechanisms that
may or may not lead to mental health outcomes).

2.3. Search strategy

A comprehensive review of articles published between 1990 and 2021 was carried out. Database searches were conducted between
January 24 and February 3, 2023. The electronic databases consulted were PubMed, Scopus, and the Web of Science. Preliminary
searches were performed to identify free-text terms, which were combined with MeSH terms in the final search strings. Specific search
strings adjusted to the field codes of each database were designed (see Appendix 1), which included the following keywords: transport,
transit, bus, train, tram, railway, and subway employees/workers/drivers/maintainers/operators, mental health, anxiety, depression,
burnout, stress, PTSD, wellbeing, psychological strain, psychological distress, psychological disorder, psychiatric disorder, suicide,
alcohol and substance use, sleep, fatigue and need for recovery.

2.4. Study selection

Search results (bibliographic and abstract information) were stored and exported to Rayyan® online software, where duplicates
were automatically removed, and full text manuscripts were uploaded in PDF format. The articles’ titles and abstracts were inde-
pendently reviewed by two researchers (BC, SU) to assess eligibility using the inclusion/exclusion criteria. Disagreements about the
inclusion of manuscripts were resolved using the evaluation of a third reviewer (VG). The references of retrieved articles were
inspected in a hand searching for additional eligible manuscripts. The selection of articles ended on February 28, 2023.

2.5. Risk of bias assessment

The methodological quality of eligible studies was assessed according to their research designs, using standardized quality-
appraisal instruments. The Newcastle-Ottawa scale (NOS) was used to assess prospective (Peterson et al., 2011) and cross-sectional
(Moskalewicz and Oremus, 2020) studies; the Joanna Briggs Institute (JBI) Checklist for Randomized Controlled Trials (RCTs) and
Quasi-Experimental Studies were used to assess the eligible experiments and interventions; and the Critical Appraisal Skills Program
Qualitative Research Checklist (CASP, 2018) was used to assess eligible qualitative studies. The general scores of the appraisal tools
were calculated by adding the corresponding items. Scores on each specific NOS domain were also provided. In all cases, a higher score
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Fig. 1. Study selection PRISMA Flow Diagram.




Table 1
Characteristics of included observational Studies.

Authors Country Study Occupation Sample Focus: to associate ... (exposures with outcomes) Selection = Compara- Outcome  NOS
design bility score*
Alrukaibi and Kuwait X-S Bus drivers n = 486 (100% male, M,ge ~ Working hours and overtime with fatigue. 3 0 2 5
Koushki = 43.2)
(2008)
Anundetal. (2016)  Sweden X-S Bus drivers n = 231 (74% male, Mg Shift schedule with sleepiness. 3 2 2 7
=51)
Asaoka et al. Japan X-S Professional and non- n = 4081 (74% male, Myge  Occupational group with sleep disorders. 3 1 2 6
(2012) professional drivers =42.4)
Batool et al. (2022)  Pakistan X-S Bus drivers n = 499 (100% men, Mgge ERI model, bus ergonomics and safety culture with 1 2 2 5
= 47.08) burnout.
Bruno et al. (2013) Brazil X-S Bus drivers n = 200 (100% male, Mg, Noise exposure with sleep quality. 2 1 1 4
=43.7)
Buitendach et al. Zimbawe X-S Bus drivers n = 283 (100% male) JDR model with burnout. 3 2 2 7
(2016)
Byun et al. (2016) Korea X-S Subway drivers n = 980 (100% male) JDC model and specific subway driving stressors with 3 1 2 6
suicide ideation.
Carrere et al. USA X-S Bus drivers n = 60 (100% male, Mg JDC model with psychological stress. 1 2 2 5
(1991) = 39.0)
Cendales et al. Colombia X-S Bus drivers n = 139 (100% male, Myge ~ JDC-S model and ERI model with psychological 3 2 2 7
(2014) = 40.01) strain.
Chaiard et al. Thailand X-S Bus drivers n = 139 (100% male, Mg, Shift schedule with sleep quality. 3 2 2 7
(2019) =45.8)
Chen and Cunradi USA X-S Transit workers n = 1231 (83% male, Mg  Job hassle stress with burnout and alcohol use. 4 2 2 8
(2008) = 46.4)
Chen and Hsu Taiwan X-S Bus drivers n = 324 (96% male) Role stressors (overload and WFC), organizational 3 2 2 7
(2020) and supervisor support with emotional exhaustion.
Chung and Wong Taiwan X-S Bus drivers n = 785 (98% male, Mg, ERI model and safety culture with sleep quality, 3 2 2 7
(2011) = 42.15) burnout and depression.
Chung and Wu Taiwan X-S Bus drivers n = 927 (96.21 % male, ERI model with burnout and general health. 3 2 2 7
(2013) Mge = 39.97)
Cunha et al. (2016) Brazil X-S Bus drivers n = 1607 (87.3 % male) Working hours, overtime, working conditions, traffic, 3 2 2 7
safety threats and traffic crashes with alcohol abuse.
Cunradi et al. USA X-S Transit workers n = 935 (56% male) Job stressors, shift schedule and working hours with 3 0 2 5
(2019) sleep problems.
Diez et al. (2011) Argentina X-S Bus drivers n = 47 (100% male, Mge Shift schedule with sleep quality. 4 2 1 7
= 39.51)
Diez et al. (2014) Argentina X-S Bus drivers n = 1023 (all >40 years) Rest time with sleep quality/sleepiness 3 0 2 5
Doroga and Baban Romania X-S Train drivers n =193 (100 % male, Mge PUT experience and # of PUTs with PTSD. 4 1 2 7
(2013) = 38.42)
Duffy and UK. X-S Bus drivers n = 376 (100% male) Work stress with mental health symptoms. 4 0 1 5
McGoldrick
(1990)
Gershon et al. USA X-S Transit workers n = 645 (82% male) Anti-COVID measures with mental health symptoms. 3 0 2 5
(2021)
Hu and Chen Taiwan X-S Bus drivers n = 308 (95% male) Working conditions, mixed traffic flow, and dealing 3 0 2 5
(2019) with elder passengers with physical and mental
fatigue.
Thlstrom et al. Sweden X-S Bus drivers n = 232 (75% male, Mage  Split shifts with psychological stress and sleep quality. 3 1 1 5

(2017)

=51.0)

(continued on next page)
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Table 1 (continued)

Authors Country Study Occupation Sample Focus: to associate ... (exposures with outcomes) Selection Compara- Outcome NOS
design bility score*
Jo et al. (2010) Korea X-S Subway drivers n = 821 (99% male) Safety events with depression. 3 1 2 6
Jones et al. (2020) USA X-S Rail operators n = 127 (60% male, Myge Rest facilities availability and usage time with fatigue 3 2 7
=44) and depression.
Joshi and Vaidya India X-S Bus drivers n = 266 (100 % male, Occupation with psychological stress. 1 0 1 2
(2017) Mage = 49)
Kim et al. (2013) Korea X-S Subway drivers n = 826 (100% male, n = PUT experience, when PUT was experienced and # of 4 2 2 8
Mage = 37.9) PUTs with PTSD, MDD and panic disorder.
Kim et al. (2013) Korea X-S Subway drivers n = 833 (100% male, Myze  PUT experience with PTSD, MDD with panic disorder. 4 1 2 7
=37.9)
Kim et al. (2014 Korea X-S Subway drivers n = 980 (100% male) Traumatic work incidents with PTSD, MDD and panic 3 0 2 5
[31 disorder.
Lee et al. (2017) Korea X-S Bus drivers n = 332 (100% male, Shift schedule with sleep quality. 3 2 2 7
Mage = 48.9)
Lee et al. (2019) Korea X-S Bus drivers n = 347 (95.4% male) Work-life balance with depression, anxiety, insomnia 2 2 2 6
and alcohol abuse.
Lin et al. (2003) Taiwan X-S Bus and Self-employed n = 1011 (95% male, Occupation with psychological stress. 3 0 1 4
drivers Mage = 47.3)
Lopez-Simoes et al.  Brazil X-S Bus drivers n = 1609 (99% male) Job precariousness with common mental disorders 3 2 2 7
(2019)
Machin and Hoare Australia X-S Bus drivers n = 159 (98.7% male) Driving hours (week) with need for recovery. 1 1 2 4
(2008)
Malt et al. (1993) Sweden and X-S Train drivers n = 101 (93% males, Mg PUT experiences with PTSD. 3 0 2 5
Norway =40.2)
Miller et al. (2020) UK X-S Bus drivers n = 1335 (86% male, Mg, Shift schedule and commute time with sleep quality. 3 2 2 7
= 45.09)
Onninen et al. Finnland X-S Tram drivers n = 23 (52,17% males) Shift schedule with sleepiness 1 1 2 4
(2020)
Ragland et al. USA X-S Transit workers n = 1386 (83% male) Working conditions and alcohol use. 4 2 2 8
(2000)
Ragland et al. USA X-S Transit workers n = 1853 (83% male) Working conditions and alcohol use. 3 2 2 7
(1995)
Risco et al. (2013) Peru X-S Bus and auto rickshaw n = 434 (96% males, M,ge ~ Working hours (day and night) with sleepiness, 3 0 2 5
drivers = 35.0) depression, anxiety, and alcohol abuse.
Samerei et al. Iran X-S Subway drivers n = 96 (100%male, Mg Occupational safety with depression. 2 1 1 4
(2020) = 32.96)
Simoes et al. Brazil X-S Bus drivers n = 1607 (99% male) Working hours (week) with common mental 3 2 2 7
(2019) disorders, sleep disorder and depression.
Tse et al. (2007) UK X-S Bus drivers n = 186 (100% males, ERI model and work pressure with psychological 3 0 2 5
Mage = 46.00) strain and somatic symptoms.
Tu et al. (2021) China X-S Bus drivers n = 310 (94.1 male, Mage Driver-passenger communicative stress with 4 2 2 8
= 45.6) psychological strain, emotional exhaustion and
cynism.
Useche et al. Colombia X-S Bus drivers n = 524 (100% males, JDC-S and ERI models with need for recovery and 3 2 2 7
(2017) Mage = 40.60) fatigue.
Vatshelle and Norway X-S Train drivers n = 830 Traumatic events with global health status. 4 1 1 6
Moen (1997)
Yum et al. (2006) Korea X-S Train drivers n = 639 (100% male) PUT experience with PTSD. 3 0 1 4
Zhang et al. (2016) China X-S Train drivers and n = 784 (70.7% males) Shift schedule with HRQL and general health. 2 1 3

conductors
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Table 1 (continued)

Authors

Country Study Occupation Sample Focus: to associate ... (exposures with outcomes) Selection Compara- Outcome NOS
design bility score*
Cothereau et al. France CH Train drivers Exposed (100% male, PUT experience with PTSD and psychological strain. 4 2 3 9
(2004) Mage = 39.1): n = 202
Non-exposed (100% male,
Mage = 39.0): n = 186
Karlehagen et al. Norway and CH Train drivers Sickleve < 1 week: n =85  PUT experience with PTSD. 4 0 2 6
(1993) Sweden Sickleave >1 week: n =11
Harma et al. Finland CH Rail workers (diversand ~ Train drivers: n = 126 Shift schedule with sleepiness. 3 2 2 7
(2002) controlers) Train controllers: n = 104
Limosin et al. France CH Train drivers Exposed (100% male, PUT experience with psychiatric disorders. 4 2 3 9
(2006) Mage = 39.1): n = 202
Non-exposed (100% male,
Mage = 39.0): n = 186
Onninen et al. Finland CH Tram and truck drivers Tram drivers: n = 23 (52%  Shift schedule and rest time with sleepiness. 2 2 3 7
(2021) male, M,ge = 40.6)
Truck drivers: n = 52 (98%
male, Mage = 40.1)
Rydstedt et al. Sweden CH Bus drivers Men: n = 35 (Mage = 41.4)  Workload with spillover of fatigue to leisure activities 2 1 3 6
(1998) Women: n = 17 (Mage = and Consumption of pharmacological substances.
44.5)
Wagner et al. USA CS Bus drivers n = 78 (56% males, Mg Daily surface acting with state anxiety, emotional 3 NA 3 6
(2014) = 52.0) exhaustion and insomnia.
Zhou et al. (2018) Canada CS Bus drivers n = 109 (57% male, Mge Violent event at work with PTSD. 3 NA 3 6

= 44.4)

Note: X-S: Cross-sectional; CH: Cohort study; CS: Case series. *See the scores on each NOS item in Appendix 2 JDC: Job Demands Control; JDC-S: Job Demands Control-Support; JDR: Job Demands
Resources; ERI: Effort-Reward Imbalance; WFC: Work-Family Conflict; MDD: Major Depressive Disorder; HRQL: Health-Related Quality of Life; PUT: Person Under Train; PTSD: Post-Traumatic Stress

Disorder.
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Table 2
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Synthesis of observational evidence on the associations between occupational exposures and mental health outcomes among UPT workers.

MH outcome

Population/exposures

Exposure category

Sleep problems

Bus drivers:

Resting time along the working day (Diez et al., 2014), post-lunch and last
driving periods (Lee et al., 2017), insufficient time to eat during breaks (
Miller et al., 2020), insufficient time to rest during breaks (Miller et al.,
2020), working hours/day, working hours/week, working over 45 h/week,
over running of routes, late running of buses, commuting time, split shift
hours (Anund et al., 2016; Miller et al., 2020), 6 or more days without rest (
Miller et al., 2020), less than 11 h rest (Anund et al., 2016; Miller et al.,
2020), more than 10 h overtime (Anund et al., 2016; Miller et al., 2020),
variation of starting time, short notice of shifts (Anund et al., 2016), driving
hours per route, rest time during route, switching drivers during route, routes
per day (Chaiard et al., 2019). Work shifts: Split-Y/N (Ihlstrom et al., 2017),
morning/afternoon, fixed/rotating (Miller et al., 2020), day/night/day or
night (Chaiard et al., 2019), morning/evening/night hours (Risco et al.,
2013).

Effort (Chung and Wong, 2011)

Rewards (Chung and Wong, 2011)

Safety culture (Chung and Wong, 2011)

Work-home balance (Lee et al., 2019)

Surface-acting (Wagner et al., 2014)

Lack of rest areas, Lack of siting places (Miller et al., 2020), Noise (Bruno
et al., 2013)

Occupational group (bus divers vs.): auto-rickshaw drivers (Risco et al.,
2013); autolocksmiths, joiner’s shop workers, electromechanics, and other
UPT workers; non-professional drivers (Asaoka et al., 2012).

Transit workers:

Time to unwind (Curandi et al., 2019), week working hours, work shifts:
morning/evening/night hours (Curandi et al., 2019).

Job stress (Curandi et al., 2019)

Train/Tram drivers

Work shifts: Day/Nigth x rest time: shift beginning/end (Onninen et al.,
2020), evening/night/morning/day, shift length (Harma et al., 2002).
Occupational group (tram divers vs.): truck drivers (Onninen et al., 2020)

Working hours

Workload and work pace

Career development, status and pay
Organizational culture

Work-home interface

Job content

Physical exposures

Working hours
Job content

Working hours

Fatigue and need for
recovery

Bus drivers

Working days, overtime shifts/week (Alrukaibi and Koushki, 2008).
Split-shifts: Y/N (Ihlstrom et al., 2017)

Dealing with elder passengers, Mixed traffic flow (Hu and Chen, 2019)
Workload (Machin and Hoare, 2008; Rydstedt et al., 1998)

Job Strain (Useche et al., 2017)

Effort-Reward Imbalance (Useche et al., 2017)

Social support (Useche et al., 2017)

Work related factors (Hu and Chen, 2019)

Train drivers

Breakroom usage time (Jones et al., 2020)

Break room quality: air, vibration, maintenance (Jones et al., 2020)

Working hours

Job content

Workload and work pace

Job content; workload and work pace; participation and
control

Workload and work pace; career development, status
and pay

Interpersonal relationships

Working hours; career development, status and pay
Interpersonal relationships

Working hours

Physical exposures

Burnout symptoms

Bus drivers

Effort-Reward Imbalance (Batool et al., 2022; Chung and Wong, 2011; Chung
and Wu, 2013).

Safety culture (Batool et al., 2022)

Job demands (Buitendach, et al., 2016)

Role overload (Chen and Hsu, 2020)

Job resources (Buitendach, et al., 2016)

Work-family conflict (Chen and Hsu, 2020)

Driver-passenger communicative stress (Chen and Hsu, 2020), Supervisory
support (Chen and Hsu, 2020)

Transit workers

Job hassle stress (Chen and Cunradi, 2008)

Workload and work pace; career development, status
and pay

Organizational culture

Workload and work pace

Job content

Home-work Interface category
Interpersonal relationships

Job content

(continued on next page)
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Table 2 (continued)
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MH outcome

Population/exposures

Exposure category

Alcohol and
substances use

Bus drivers

Work-life balance (Lee et al., 2019)

Aggressions at work (Cunha et al., 2016).

Alternation of working hours, overtime, working during holidays (Cunha
et al., 2016)

Traffic (Cunha et al., 2016)

Personal security threats at work: last year, traffic crashes: last year (Cunha
et al., 2016)

Vibration, uncomfortable temperature, inadequate lighting, internal and
external noise (Cunha et al., 2016)

Workload (Rydstedt et al., 1998)

Occupational group (bus divers vs.): auto-rickshaw drivers (Risco et al.,
2013), self-employed drivers (Lin et al., 2003).

Transit workers

Job stress (Ragland et al., 1995; 2000), job strain (Ragland et al., 1995)

Job hassle stress: via burnout and disengage-deny coping (Chen and Cunradi,
2008)

Home-work interface
Interpersonal relationships category
Working hours

Job content stressors
Occupational safety risk

Physical exposure

Workload and work pace

Workload and work pace; interpersonal relationships;
working hours; job content; organizational culture;
occupational safety risks

Job content

Post-traumatic stress
disorder

Bus drivers

Violent event at work (Zhou et al., 2018)

Train/subway drivers

Personal PUT incident (Cothereau et al., 2004; Doroga and Baban, 2013; Kim
etal., 2013a; 2013b; 2014; Malt et al., 1993), colleagues’ PUT incident (Kim
et al., 2014), # of PUT incidents (Kim et al., 2013b, 2014), when PUT was
experienced, severity of PUT victim’s injury (Kim et al., 2013b), >1 week
PUT-related sick-leave (Karlehagen et al., 1993), conflict with passengers,
sudden stop from an emergency bell, near safety incidents (Kim et al., 2014),
experience of a breakdown (Kim et al., 2014).

Occupational safety risk

Occupational safety risk

Panic disorder

Train/subway drivers

Personal PUT incidents (Kim et al., 2013; 2013b), colleagues’ PUT incident (
Kim et al., 2014), when PUT was experienced,# PUT experiences, severity of
victim’s injury (Kim et al., 2013b), # of PUT experiences, conflict with
passengers, near safety incidents, experienced a sudden stop, and
experienced a breakdown (Kim et al., 2014).

Occupational safety risk

Depression

Bus drivers
Effort-reward imbalance (Chung and Wong, 2011),

Work-life balance (Lee et al., 2019)

Job precariousness (Simoes et al., 2019)

Train/subway drivers

Personal PUT incidents (Kim et al., 2013; 2013b, 2014), conflict with a
passenger, sudden stop from an emergency bell, near safety incidents (Jo
et al., 2010), perceived risk of emergency situations (Samerei et al., 2020).
Workplace health promotion actions (Jones et al., 2020)

Workload and work pace, and career development,
status and pay
Home-work interface

Occupational safety risk

Anxiety

Bus drivers

Work-life balance (Lee et al., 2019)

Surface-acting (Wagner et al., 2014)

Occupational group (bus divers vs.): auto-rickshaw drivers (Risco et al.,
2013)

Home-work interface
Job content

Psychopathology
symptoms

Bus drivers
Job strain (Cendales et al., 2014)

Social support (Cendales et al., 2014), poor management support (Tse, et al.,
2007).

Job content; workload and work pace; participation and
control
Interpersonal relationships

(continued on next page)
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Table 2 (continued)
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MH outcome

Population/exposures

Exposure category

Effort/reward imbalance (Cendales et al., 2014)

Practical job problems: Traffic, Peack running times, passengers and fares,
poor treatment by passengers, Enquires from the public, route learning,
assault (Duffy and McGoldrick, 1990)

Effort (Tse, et al., 2007)

Rewards (Tse, et al., 2007)

Adverse road conditions and passenger behavior (Tse, et al., 2007),
driver-passenger comunicative stress (Tu et al., 2021).

Work precariousness (Lopes-Simoes et al., 2019)

Occupational group (bus divers vs.): self-employed drivers (Lin et al., 2003).

Train/subway drivers
Personal PUT incidents (Cothereau et al., 2004; Limosin et al., 2006),
distressing on-the-track events (Vatshelle and Moen, 1997).

Workload and work pace; career development, status
and pay

Job content; workload and work pace; occupational
safety risk; role in the organization

Workload and work pace

Career development, status and pay
Job content

Occupational safety risk

Psychosomatic
symptoms

Bus drivers

Workload (Rydstedt et al., 1998), Effort (Tse, et al., 2007)
Rewards (Tse, et al., 2007)

Adverse road conditions and passenger behavior (Tse, et al., 2007)

Workload and work pace

Career development, status and pay
Job content

Psychological stress

Bus drivers
Job strain (Carrere et al., 1991)

Split-shift Y/N (lhlstrom et al., 2017)

Occupational group (bus divers vs.): office staff (Joshi and Vaidya, 2017).
Transit workers

More than 8 h overtime (Vytautas and Daiva, 2003)

Job content; workload and work pace; participation and
control
Working hours

Working hours

Note: Underlined references provide significant evidence on the association between exposure and mental health outcome. PUT: Person Under Train

suggests higher methodological quality. The most frequent methodological biases were described for each research design. The scores
obtained by the revised articles in each item of the appraisal tools are available in Appendix 2. The quality appraisal was conducted by
CB, US and VG. Disagreements between reviewers were resolved by consensus. The risk of bias assessment was conducted after data
extraction to avoid reporting bias (Boland et al., 2017).

2.6. Data extraction and evidence synthesis

According to the PICOS framework, the data extraction process included population (country, city, occupation, age, gender),
intervention (if applicable) or exposure, comparisons (if applicable), outcomes, and study design. Due to the methodological het-
erogeneity within the included studies, a narrative approach was used to synthesize evidence. Occupational exposures were sum-
marized using predefined categories differentiating physical, chemical, biological, ergonomic, safety and psychosocial risks. The latter
were classified according to the WHO Organizational Stress-related Hazard Categorization (job content, workload and work pace,
working hours, participation and control, career development, status and pay, role in the organization, interpersonal relationships,
organizational culture, and work-home interface) (Leka et al., 2004). Interventions were categorized according to their individual or
job-redesign approach. Subsequently, the outcomes of occupational exposures and interventions were reported according to eleven
emerging categories: sleep problems, fatigue and need for recovery, alcohol and substance use, PTSD, panic disorders, depression,
anxiety, psychopathology symptoms, psychosomatic symptoms, and psychological stress. Finally, qualitative evidence was analyzed
using Thomas and Harden’s (2008) thematic synthesis method. Data extraction was conducted by CB, US and GV, and information
synthesis was jointly performed by the entire team of researchers. The review process ended on July 28, 2023.

3. Results

Fig. 1 shows the study selection process. The database search yielded 1383 records. After automatic deduplication in Rayyan, 743
studies were retained. After title and abstract screening, 137 studies were retained. Subsequently, 58 records were excluded and 79
studies meeting the inclusion criteria were retained in the full-text evaluation (See studies excluded after full-text evaluation in ap-
pendix 2). Additional searches and reference inspection yielded 21 records, of which 3 studies were retained after full-text assessment.
A total of 82 studies were included in the review.
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3.1. Study characteristics and risk of bias
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The characteristics of the 82 included studies are summarized in Table 1. Most of them (n = 48) have a cross-sectional design, 8
have longitudinal designs (6 cohort studies and 2 case series), 15 have experimental designs (8 experiments and 7 interventions), and

Table 3
Characteristics of included experimental studies.

Authors City Design  Occupations ~ Mgge Sample Mental Manipulations Comparisons JBI-
health Checklist
outcomes score*

Anund et al. Sweden ORM Bus Drivers 48 n=18 Sleepiness: Consecutive 50 Split shifts vs. 7

(2018) (50% KSS min. Driving Afternoon shifts
males) Drowsiness:
EEG-KDS
Blink
duration:
EOG
Brandenburger Germany RCT Train 37.13  Partially Sleepiness: 2 h of simulated Pre-test vs. Post-test 8
etal. (2021) drivers assisted KSS driving with Partially assisted
driving: n automatic driving vs. Fully
=13 conduction assisted driving
(males) technology
Fully
assisted
driving: n
=19
(males)
Huang et al. China ORM Metro 27.8 n=6 Fatigue: HRV ~ Consecutive 7 h Day vs. night vs. 8
(2019) Drivers (males) driving Morning shift
Ingre et al. Sweden ORM Train 50 n=17 Sleepiness: 9hdrivingwitha  Early morning vs. 7
(2004) drivers (males) KSS 2.5 h break in Day vs. Evening
between shifts
Iridiastadi Indonesia ~ ORM Train 28.9 n=232 Sleepiness: Consecutive 6.5h  Morning vs. 7
(2021) drivers (males) KSS driving Afternoon shifts
Fatigue:
Visual
analogue
scale
Jay et al. (2008)  Australia ORM Train 51.3 n=9 Fatigue: Consecutive Roster 1: Shift 1 (S1): 7
drivers (males) SPFC driving shifts in 8 h driving/8 h rest;
two different S2: 8 h driving/8 h
roster types rest, $3: 8 h driving/
8hrest; S4: 8h
driving/8 h rest; S5:
8 h driving/8 h rest;
3-day rest.
Vs.
Roster 2: Shift 1 (S1):
8 h rest/8 h driving;
S2: 8 hrest/8 h
driving; S3: 8 h rest/
8 h driving; S4: 8 h
rest/8 h driving; S5:
8 h rest/8 h driving,
3-day rest.
Milosevic Serbia ORM Bus Drivers NR n=7 Fatigue: HR Consecutive lhvs.2hvs.3h ... 5
(1997) (males) Subjective driving vs.7h
fatigue:
PBFFC
Sun, et al. China ORM Bus drivers NR n = 680 Tension: Consecutive <lhvs. 1-2hvs. 8
(2018) (79.2% POMS driving times at 2-3hvs.34h
males) Depression: high temps: <1 h,
POMS 1-2h,2-3h, 3-4
Vigor: POMS h

Note: ORM: One-group repeated measures design. RCT:Randomized controlled trial. KSS: Karolinska Sleepiness Scale, EEG-KDS: EEG-based Kar-
olinska Drowsiness Score; EOG:Electrooculography; HR: Heart Rate; HRV: Heart Rate Variability; SPFC: Samn—Perelli Fatigue Checklist; PBFFC:
Pearson-Byars Fatigue Feeling Checklist; POMS: Profile of Mood States. NR: Not reported. *See the scores on each JBI-Checklist score item in

Appendix 2.
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Table 4
Characteristics of included intervention studies.
authors Country Design Occupations Mage Sample Intervention Duration Mental health outcomes  JBI-
Checklist
score*
Bender et al. Canada Quasiexperimental, pre-post ~ Transit 45.1 Treatment-as- Education on response to trauma, symptoms 24 weeks PTSD symptoms: MPSS 8
(2016) design, with control group. workers Usual: n = 62 of PTSD, treatment options, and appropriate
Best Practice resources.
Intervention: n = CBT and/or pharmacologic treatment +
79 occupational therapy, physiotherapy,
consulting psychiatric care, and return-to-
work coordination.
Specialized return to work strategies.
Evans et al. Sweden Quasiexperimental, pre-post ~ Bus drivers 42.6 Drivers on the Construction of separate bus lanes for the 20 weeks Perceived stress: SES 8
(1999) design, with control group. experimental line:  most congested portions of the route;
n=10 reconfiguration of parts of the route to
Controls: n = 31 minimize difficult turns and bottlenecks; the
construction of passenger peninsulas
wherever possible to bring the public out to
the bus and avoid pullovers to the curb; the
installation of a traffic signal priority system
favoring the bus; and the design and
installation of an electronic information
system
Lowinger and  USA Single group pre-post design  Transit 4381 n=96 CBT (relaxation training, self-instructional Variable: 3 to PTSD symptoms: PCL-C 6
Rombom workers skills, desensitization training, and 145 treatment and PTSD scale
(2012) behavioral assignments) sessions. Mean
=19.55
Mehnert et al. Germany  Quasiexperimental, pre-post ~ Train 48 Patients with 1 The rehabilitation program included 4 weeks Depression and anxiety: 7
(2012) design. Drivers emergency education, exercises and physical therapy to HADS
situation n = 51 regain physical fitness, relaxation training, Psychological distress:
Patients with >1 psychosocial counseling, and cognitive- DT
emergency behavioral group therapy as well as HRQL: (SF-8)
situation: n = 22 individual cognitive-behavioral interventions Sense of coherence and
and resource-oriented recreational activities. lack of meaning in life:
(LAP-R)
Posttraumatic stress:
PDS
Nakamura Japan Single group pre-post design ~ Train 3322 n=134 Forty days practicing three behaviors 40 days Sleep Log 5
et al. Drivers (selected independently by each participant)
(2018) from the sleep-promoting behaviors
checklist.
Poulsen et al. Denmark  Mixed. The cuantitative Bus drivers NR Baseline survey: n ~ Garage 1. Round-the-clock work at the 4 years Somatic stress, 6

(2007) component used a multiple

case-based cohort design.

= 2677

garage + faster renovation of old buses + new
buses + priority of common problems.

Cognitive stress, and

(continued on next page)
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Table 4 (continued)

authors Country

Design

Occupations

Mage

Sample

Intervention

Duration Mental health outcomes

JBI-
Checklist

score*

Zhong et al. China
(2021)

Single group pre-post design

Bus drivers

43.66

Follow-up survey:
n = 2729

n =86

Garage 2. Feedback from garage to drivers +
new buses.

Garage 3. Improved communication between
driver and garage + feedback from garage to
drivers.

Garage 4. Improved fault reporting +
communication.

Garage 5. Know your bus course + garage
visits + more resource at the garage +
feedback.

Garage 6. Meetings with focus on
collaboration between driver and garage +
bulletin board with technical information.
Garage 7. New buses + new drivers’ seats.
On-duty bus drivers received, in addition to a
typical lunch box (no fruit included), an extra
serving of fresh fruit like an apple or a
banana.

Vitality reduced: Scales
developed by authors

4 weeks Depression: PHQ-8

Note: MPSS: Modified PTSD Symptoms Scale; SES: Stress/Energy Scale; PCL-C: PTSD CheckList — Civilian Version; HADS: Hospital Anxiety and Depression Scale; DT: Distress Thermometer; SF-8: Short

Form Health-Related Quality of Life; LAP-R: Life Attitude Profile-revised; PDS: Posttraumatic Diagnostic Scale. *See the scores on each JBI-Checklist score item in Appendix 2.

‘D 32 SapPPUI) “I'q

Y08I0I (+20Z) 9€ WIPaH 3 1dodsup.], fo [pumor



€1

safety concern for bus operators

interviews

Table 5
Characteristics of included qualitative studies.
Authors Country Study aim Data collection Data Analysis Occupations Mage Sample  Mental health Issues CASP
Score*
Biggs et al. (2009) Australia  To investigate which work and Focus groups Thematic analysis Transit workers (Bus NR NR Fatigue 7
environmental factors may cause Drivers, trainers, assessors,
fatigue in metropolitan bus drivers. and customer service
consultants)
Bowles et al. (2017) USA To identify issues in the work In-depth Grounded theory Transit workers (bus and 45-70 n=32 Fatigue 9
environment that contribute to stress interviews subway, conductors; agents
and present as barriers to achieving and cleaners at stations,
optimal health. maintenance)
de Alcantara et al. Brazil To describe the perceptions of bus Semi-structured Phenomenological Bus drivers NR n =24 Psychological stress 10
(2019) drivers about their experience in traffic interviews analysis
and the possible effects of daily urban
mobility on these drivers.
de Alcantara et al. Brazil To discuss the experience of bus drivers ~ Semi-structured Phenomenological Bus drivers NR n=24 Psychological stress 7
(2020) through their perceptions regarding interviews descriptive
traffic and the health impacts they methodology
suffer.
Maynard et al. UK To explore bus driver opinion relating Focus groups Thematic analysis Bus drivers and managers 25-64 n =64 Fatigue and sleepiness 9
(2021) to their experience of bus driving and countermeasures
how fatigue influences or is influenced
by this, and how this is managed.
Maynard et al. UK To investigate interactions and Focus groups Thematic analysis Bus traffic controllers 35-44 n=36 Controller fatigue, 10
(2021) working relationships between bus controller perceptions of
controllers and drivers in London and driver fatigue and
to explore the effect of controller/ reporting, and controller
driver relationships on workload, stress wellbeing
and fatigue
Naweed etal. (2017)  Australia ~ To examine the impacts of key barriers ~ Focus groups Thematic analysis Train drivers 46.5 n=29 Stress and axiety 10
to improving the occupational health
status of Australian train drivers.
Peters et al. (2021) Chile To identify working conditions and Semi-structured Thematic analysis Transit workers focus NR NR Fatigue and psychological 9
health outcomes in a bussing company  interviews and groups: Bus drivers. stress
to inform a Total Worker Health focus groups
organizational intervention Interviews: company
leadership, operations and
safety managers, union
directors, and worker
representatives.
Pilkington-Cheney UK Understand the experiences, views, and ~ Focus groups Thematic analysis Bus drivers 4554 n=62 Fatigue 10
et al. (2020) opinions of the bus drivers in relation
to sleepiness, and individual
countermeasures used to manage
sleepiness in their professional setting.
Poulsen et al. (2007)  Denmark  Develop an evaluative framework for Observational Discourse and Bus drivers NR NR Psychological stress 9
complex health interventions in methods. dilemma analyses
transport workers.
Sidhu and An (2019)  USA To explore split shifts as a health and Semi-structured Thematic analysis Bus drivers 35-44 NR Psychological stress 9

Note: *See the scores on each JBI-Checklist score item in Appendix 2. NR: not reported
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11 have qualitative designs. Just one RCT meets the inclusion criteria. Geographically, 14 studies are from North America, 30 studies
are from Europe, 24 are from Asia, 9 from South America, 4 from Oceania and 1 from Africa.

The included studies covered a total of 35,616 participants with an unweighted average age of 41.8, with mean ages ranging
between 27 and 52 years across studies. Those studies reporting gender covered a total of 27,747 men and 7662 women. Only two
studies were found comparing male and female bus drivers (Rydstedt et al., 1998; Zhou et al., 2018). In single-occupation studies, bus
drivers are the most studied population (n = 18,508), followed by subway (n = 4536) and train (n = 2146) drivers. One study focuses
on tram drivers (Onninen et al., 2020), one study on traffic controllers (Maynard et al., 2021), and one study on train operators (Jones
et al., 2020). Eleven (11) mixed occupation studies combine various occupational groups (e.g., mechanics, maintainers, collectors) in
samples of “transit workers” (n = 4834).

Two cross sectional studies (Obelenis and Gedgaudiene, 2003) comparing formal UPT occupational groups were found. One
compares bus drivers, autolocksmiths, joiner’s shop workers, and electromechanics (Obelenis and Gedgaudiene, 2003); and the other
compares ground workers, train drivers and conductors (Zhang et al., 2016). Additionally, one cross sectional study compares bus
drivers with self-employed drivers (Lin et al., 2003), and another with auto rickshaw drivers (Risco et al., 2013); one cohort study
compares tram drivers with truck drivers (Onninen et al., 2021); and two cross sectional studies compare bus drivers with various
non-UPT occupations (Asaoka et al., 2012; Obelenis and Gedgaudiene, 2003).

Of 56 observational studies, 28 obtained NOS scores in the good quality range, 4 in the fair quality range, and 24 in the poor quality
range. All longitudinal studies except one (Karlehagen et al., 1993) are of good quality. Most of them investigated PTSD outcomes
associated with the exposure to work-related traumatic events, using one to three-year follow-ups (Cothereau et al., 2004; Limosin
etal., 2006; Karlehagen et al., 1993; Zhou et al., 2018). Three daily measurement studies evaluated sleepiness and psychological strain
of workers during two (Onninen et al., 2021; Wagner et al., 2014) and three weeks (Harma et al., 2002); and a cohort study on
workload-related somatic symptoms carried out two follow-up measurements with 18 months between them (Rydstedt et al., 1998).
The NOS domain with the highest risk of bias among longitudinal studies was comparability, followed by selection and out-
come/exposure (see Table 1).

In the case of experimental studies, one scored 8/9 on the JBI checklist for quasi-experimental studies, five scored 7/9 and one 5/9.
The experimental study by Brandenburger et al. (2021) scores 8/13 on the JBI checklist for RCTs (see Table 3). The main risk of bias
among quasi-experimental studies was the non-use of a control group. In one study (Milosevic, 1997) it is not clear whether the
participants included in the comparisons are similar, nor are the statistical analysis reported. On the other hand, two intervention
studies scored 8/9, four scored 5/9 and one 7/9 (See Table 4). Only two of six interventions used a control group (Bender et al., 2016;
Evans et al., 1999). Three intervention studies failed to properly analyze and describe the differences between groups in terms of
follow-up (Lowinger and Rombom, 2012; Poulsen et al., 2007; Zhong et al., 2021); and 3 studies omitted essential statistical infor-
mation in the results report (Bender et al., 2016; Evans et al., 1999; Poulsen et al., 2007).

Regarding qualitative research, 4 studies scored 10/10 on the CASP Checklist, 5 studies scored 9/10, and two studies scored 7/10
(see Table 5). Four studies were assessed as of little value to the research field (Biggs et al., 2009; Bowles et al., 2017; de Alcantara
et al., 2020; Maynard et al., 2021); three studies did not report sufficient information on participant recruitment (Peters et al., 2021;
Poulsen et al., 2007; Sidhu and An, 2019); in two studies the data analysis was not rigorous enough (Biggs et al., 2009; de Alcantara
et al., 2020), and one study did not report ethical considerations nor IRB approval (Biggs et al., 2009; de Alcantara et al., 2020).

3.2. Observational studies

The quantitative studies included in this section are characterized by the absence of intervention or researchers’ influence on
exposure allocation (Gilmartin-Thomas et al., 2018). The research designs identified in the revised articles were cross-sectional, cohort
studies and case series (see Table 1).

3.2.1. Mental health outcomes reported across observational studies

The included observational studies (see Table 1) cover a total of eleven mental health outcomes:

Sleep problems were broadly defined as the presence of insufficient sleep duration, poor sleep quality, or excessive daytime
sleepiness (Jahrami et al., 2020). n = 19 studies assessed sleep problems using validated self-report instruments such as the Karolinska
Sleep Questionnaire (Anund et al., 2016; Diez et al., 2014; Harma et al., 2002; Lee et al., 2017; Onninen et al., 2020; Onninen et al.,
2021), Pittsburgh Sleep Quality Index (Diez et al., 2011; Chaiard et al., 2019; Chung and Wong, 2011), Epworth Sleep Questionnaire
(Diez et al., 2014), Insomnia Severity Index (Lee et al., 20191), Scale for the Estimation of Sleep Problems (SESP) (Wagner et al., 2014),
actigraph-based objective measurements (Onninen et al., 2021); and self reports developed by the authors (Bruno et al., 2013; Cunradi
et al., 2019; Ihlstrom et al., 2017; Miller et al., 2020; Risco et al., 2013; Simoes et al., 2019; Obelenis and Gedgaudiene, 2003).

Fatigue and need for recovery were defined as states of physical or mental energy depletion that prevent optimal task performance
(Banks et al., 2019). n = 7 studies assessed fatigue or need for recovery using validated self-report instruments such as the Need For
Recovery Scale (NFR Scale) (Machin and Hoare, 2008; Useche et al., 2017), Checklist Individual Strength (Useche et al., 2017), Fatigue
Assessment Scale (FAS) (Jones et al., 2020); and self-reports developed by the authors (Alrukaibi and Koushki, 2008; Thlstrom et al.,
2017; Hu and Chen, 2019; Rydstedt et al., 1998).

Burnout symptoms included exhaustion (emotional and physical), depersonalization, cynicism or disengagement, and reduced sense
of professional efficacy (Edu-Valsania et al., 2022). n = 7 studies assessed burnout symptoms using the Maslach Burnout Inventory
(Chen. and Cunradi, 2008; Chen and Hsu, 2020; Tu et al., 2021; Wagner et al., 2014), Copenhagen Burnout inventory (Batool et al.,
2022; Chung and Wong, 2011), and Oldenburg Burnout inventory (Buitendach et al., 2016).
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Alcohol and substance use (n = 8 studies) were evaluated using standardized instruments such as the CAGE (Cut, Annoyed, Guilty,
and Eye-Opener) Questionnaire (Cunha et al., 2016; Risco et al., 2013) Michigan Alcohol Screening Test (MAST) (Lin et al., 2003), and
Alcohol Use Disorders Identification Test (AUDIT) (Lee et al., 2019), biological markers (Lin et al., 2003) or self-reports of consumption
developed by the authors (Chen. and Cunradi, 2008; Ragland et al., 2000; Rydstedt et al., 1998).

Post-traumatic stress disorder was defined as the persistent presence of functional impairment symptoms such as re-experiencing,
avoidance or hyperarousal as a result of exposure to a stressful event or situation of exceptionally threatening or horrific nature
(ICD-11, 2022). n = 8 studies assessed PTSD using standardized instruments such as the Composite International Diagnostic Interview
(CIDI) (Kim et al., 2013; 2013b, 2014) Impact of Event Scale (IES) (Doroga and Baban, 2013; Karlehagen et al., 1993; Malt et al., 1993;
Yum et al., 2006), PTSD Checklist (PCL-C) (Zhou et al., 2018), and PTSD module of the Mini International Neuropsychiatric Interview
(MINI) (Cothereau et al., 2004).

Panic disorder was defined as the presence of “recurrent unexpected panic attacks that are not restricted to particular stimuli or
situations” (ICD-11, 2022). n = 2 studies assessed panic disorder using the CIDI (Kim et al., 2013; 2013b, 2014).

Depression included symptoms of depressed mood, decreased engagement in pleasurable activities, decreased energy levels, and
disruptions in sleep or eating (ICD-11, 2022). n = 7 studies assessed depression using standardized instruments such as the Center for
Epidemiologic Studies Depression Scale (CES-D) (Jo et al., 2010; Risco et al., 2013), Patient Health Questionnaire (PHQ) (Jones et al.,
2020; Lee et al., 2019), CIDI (Kim et al., 2013; 2013b, 2014), and self-rating questionnaire for depression SRQ-D (Simoes et al., 2019).

Anxiety was defined as the experience of “apprehensiveness or anticipation of future danger or misfortune accompanied by a feeling
of worry, distress, or somatic symptoms of tension” (ICD-11, 2022). n = 3 studies assessed anxiety standardized instruments such as the
Beck Anxiety Inventory (BAI) (Lee et al., 2019), Zung Anxiety Scale (Risco et al., 2013), and a self-report of state anxiety developed by
authors (Wagner et al., 2014).

Psychopathology symptoms were defined as perceived disruptions in normal psychological functioning (Shevlin and Adamson,
2005). n = 10 studies assessed psychopathology symptoms using the General Heal th Questionnaire (GHQ) (Cendales et al., 2014;
Cothereau et al., 2004; Gershon et al., 2021; Limosin et al., 2006; Tse et al., 2007; Tu et al., 2021; Vatshelle and Moen, 1997), SRQ
(Simoes et al., 2019), Crown-Crisp Experiential Index (CCEI) (Duffy and McGoldrick, 1990), and Chinese Health Questionnaire (CHQ)
(Lin et al., 2003).

Psychosomatic symptoms were defined as basic physical dysfunctions (such as those of appetite, digestion, or sleep) or bodily
sensations that workers perceive as worrisome or unpleasant (Kapfhammer, 2006). Two studies evaluated psychosomatic symptoms by
the Physical Symptoms Inventory (PSI) (Tse et al., 2007) and self-reports developed by the authors (Rydstedt et al., 1998).

Psychological stress was defined as the degree to which individuals appraise situations in their lives as threatening or taxing (Cohen
etal., 1983). n = 5 studies assessed psychological stress using the Perceived Stress Scale (PSS) (Joshi and Vaidya, 2017), observational
measures (Carrere et al., 1991), and self-reports developed by the authors (Ihlstrom et al., 2017; Obelenis and Gedgaudiene, 2003).

Finally, two studies, one focused on suicidal ideation (Byun et al., 2016), assessed using the CIDI, and the other focused on mental
health-related quality of life (Zhang et al., 2016), assessed using the 36-Item Short Form Health Survey (SF-36) mental component,
were classified in the “other mental health outcomes” category.

3.2.2. Results by mental health outcome

Table 2 summarizes the included observational studies by mental health outcome, and relevant exposures for each occupational
group of UPT workers. The evidence on associations between work exposures and mental health outcomes is described below. As-
sociation statistics were excluded for parsimony due to the high number of observational studies, but are available as supplementary
material (see appendix 2). Throughout the literature review results, mentions of relevant UPT occupational groups appear in italics.

3.2.2.1. Sleep problems. Eleven cross-sectional studies (Anund et al., 2016; Bruno et al., 2013; Chaiard et al., 2019; Chung and Wong,
2011; Diez et al., 2011; Diez et al., 2014; Lee et al., 2017; Lee et al., 2019; Miller et al., 2020; Simoes et al., 2019) and one case series
(Wagner et al., 2014) in bus drivers associated their sleepiness (Anund et al., 2016; Diez et al., 2014; Lee et al., 2017; Miller et al., 2020),
sleep quality (Bruno et al., 2013; Chaiard et al., 2019; Chung and Wong, 2011; Diez et al., 2011; Diez et al., 2014), and sleep disorders
(Lee et al., 2019; Simoes et al., 2019; Wagner et al., 2014) with work organization-related stressors.

Working hours-related exposures such as shift schedule (day/night/day or night shifts) (Chaiard et al., 2019), variation of starting
time, short notice of shifts, split-shift (Ihlstrom et al., 2017), resting time along the working day (Diez et al., 2014), post-lunch and last
driving periods (Lee et al., 2017), 6 or more days without rest, insufficient time to eat during breaks, and insufficient time to rest during
breaks (Miller et al., 2020), were significantly and positively associated with bus drivers’ sleep problems. However, driving hours per
route, rest time during route, switching drivers during route, routes per day (Chaiard et al., 2019), day working hours, working hours
per week, working over 45 h per week, over running of routes, late running of buses, commute time, type of work shifts (mornin-
g/afternoon and fixed vs rotating) (Miller et al., 2020), morning, evening and night working hours (Miller et al., 2020; Risco et al.,
2013) and split shift working hours (Anund et al., 2016; Miller et al., 2020), were not significantly associated with sleep outcomes. The
studies by Anund et al. (2016) and Miller et al. (2020) were inconsistent on the associations of more than 10 h overtime (significant in
Anund et al., 2016; and null in Miller et al., 2020) and less than 11 h rest (significant in Miller et al., 2020; and null in Anund et al.,
2016) with sleep problems.

Additionally, two cross-sectional studies (Chung and Wong, 2011; Lee et al., 2019) and one case series (Wagner et al., 2014)
suggested that effort (workload and work pace category), rewards (career development, status and pay category), safety culture
(organizational culture category) (Chung and Wong, 2011), work-home balance (Lee et al., 2019), and surface-acting (job content

15



B.E. Cendales et al. Journal of Transport & Health 36 (2024) 101804

category) (Wagner et al., 2014) were significantly associated with sleep problems among bus drivers.

Regarding physical exposures, one study reported significant positive associations between the absence of rest areas and sitting
places during breaks with bus drivers’ sleepiness (Miller et al., 2020); and one study reported null associations between noise exposures
and bus drivers’ sleep quality (Bruno et al., 2013).

With respect to rail workers, one cross-sectional study on tram drivers found that the reduced sleepiness following a rest break was
less pronounced during evening shifts (Onninen et al., 2020). Furthermore, the cohort study by Harma et al. (2002) found that among
both train drivers and controllers shift length, night, and morning shifts are associated with an increased risk of sleepiness. However, this
latest study also found a null association between rest time before shifts and sleepiness.

On the other hand, one cross-sectional study in transit workers found that time to unwind (working hours category) and job stressors
(job content category), but not shift schedule and hours worked the past 7 days (working hours category), were significantly associated
with sleep problems (Curandi et al., 2019).

Finally, three cross-sectional comparative studies reported that sleepiness prevalence was higher in bus drivers than in auto-
rickshaw drivers (Risco et al., 2013); drowsiness at work was more frequent in bus drivers than in autolocksmiths, joiner’s shop
workers, electromechanics, and other UPT workers; sleep problems were more frequent in joiner’s shop workers than in bus drivers,
autolocksmiths, electromechanics, and other UPT workers (Obelenis and Gedgaudiene, 2003); and drowsy driving was higher in
professional drivers than in non-professionals (Asaoka et al., 2012). This latest study also found that there were no significant differences
between professional and non-professional drivers in diagnosed sleep disorders and subjective daytime sleepiness. Finally, one cohort
study reported that the risk for sleepiness is higher in tram drivers than in truck drivers during morning shifts, but not during day and
evening shifts (Onninen et al., 2021).

3.2.2.2. Fatigue and need for recovery. Five cross-sectional studies (Alrukaibi and Koushki, 2008; Hu and Chen, 2019; Machin and
Hoare, 2008; Useche et al., 2017) and one cohort study (Rydstedt et al., 1998) on bus drivers associated fatigue with work
organization-related stressors. Alrukaibi and Koushki (2008) found that working days (working hours category) and overtime shifts
per week (working hours category) were positively and significantly associated with bus drivers’ fatigue. Hu and Chen (2019) found
that work related factors (a summary measure of working hours, career development, status and pay) and dealing with elder pas-
sengers (job content category) were positively associated with physical and mental fatigue; and mixed traffic flow (job content
category) was positively associated with physical, but not mental fatigue. Machin and Hoare (2008) and Rydstedt et al. (1998) found
that workload (workload and work pace category) was positively associated with bus drivers’ need for recovery and spillover of fatigue
from work to leisure respectively. Useche et al. (2017) found that job strain (job content, workload and work pace, and participation
and control categories), social support (interpersonal relationships category), but not Effort-Reward Imbalance (workload and work
pace and career development, status and pay categories), were significantly associated with both general fatigue and need for recovery.
Finally, Ihlstrom et al. (2017) found a null association between split-shifts and bus drivers’ persistent fatigue.

Additionally, Jones et al. (2020) found that breakroom quality (air, vibration, maintenance) (physical risk category) and usage time
(working hours category) were not significantly associated with reduced fatigue in train drivers.

3.2.2.3. Burnout symptoms. Six cross-sectional studies in bus drivers (Chung and Wong, 2011; Batool et al., 2022; Buitendach et al.,
2016; Chen and Hsu, 2020; Chung and Wu, 2013; Tu et al., 2021), and one in transit workers (Chen & Cunradi, 2008) associated
burnout symptoms with psychosocial risk factors.

Chung and Wong (2011), Batool et al. (2021) and Chung and Wu (2013) found positive associations between Effort-Reward
Imbalance (career development, status and pay category and participation and control category) and burnout syndrome among bus
drivers. Chung and Wong (2011) and Batool et al. (2022) also found a negative association between safety culture (organizational
culture category) and burnout; and a positive association between bad bus ergonomics and burnout. Additionally, one study in bus
drivers (Buitendach, et al., 2016) found significant associations of job demands (workload and work pace) and resources (job content
category) with burnout.

Chen and Hsu (2020) found significant associations of role overload (workload and work pace category), work-family conflict
(home-work Interface category) and driver-passenger communicative stress (interpersonal relationships category), but not of super-
visory support (interpersonal relationships category), with bus drivers’ emotional exhaustion. Tu et al. (2021) also found a positive
association of bus driver-passenger communicative stress (interpersonal relationships category) with cynicism. Additionally, one
longitudinal case series study (Wagner et al., 2014) found that surface acting positively predicts emotional exhaustion, and has an
indirect effect on bus drivers’ emotional exhaustion and insomnia via state anxiety.

Finally, Chen and Cunradi (2008) reported a positive association of job hassle stress (job content category) with emotional
exhaustion among transit workers.

3.2.2.4. Alcohol and substance use. Two cross-sectional studies (Cunha et al., 2016; Lee et al., 2019) and one cohort study (Rydstedt
et al., 1998) on bus drivers associated alcohol abuse with psychosocial work stressors. Cross-sectional studies found that work-life
balance (home-work interface category) is negatively associated (Lee et al., 2019) and aggressions at work (interpersonal relation-
ships category) positively associated (Cunha et al., 2016) with alcohol abuse among bus drivers. However, the study by Cunha et al.
(2016) reported null associations of alcohol consumption with working hours stressors (alternation of working hours, overtime and
working during holidays), job content stressors (perception of traffic), occupational safety risks (personal security threatened at work
and traffic crashes during the preceding 12 months), and physical risks (vibration, uncomfortable temperature, inadequate lighting,
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internal and external noise). Likewise, the cohort study by Rydstedt et al. (1998) found a null association between workload and bus
drivers’ consumption of pharmacological substances.

Three cross-sectional studies on transit workers associated work organization-related stressors with alcohol (Ragland et al., 1995,
2000) and substance use (Chen and Cunradi, 2008). Ragland et al. (1995, 2000) found that job stress (a summary measure of workload,
interpersonal relationships, working hours, job content, organizational culture, and occupational safety risks) was associated with an
increased risk of alcohol problems (heavy drinking). In their 1994 study, Ragland et al. found a significant positive association between
job stressors and drinks per week. However, in their 2000 study, this association was not significant. Ragland et al. (1995) also found
null associations between job content/workload and work pace stressors (job demands and decision latitude) and alcohol consumption
(heavy drinking and drinks per week). Additionally, Chen & Cunradi (2008) found that job hassle stress (interpersonal relationships
category) was indirectly associated (via burnout and disengage-deny coping strategy) to substance use among bus drivers.

Finally, two comparative studies found that bus drivers have a lower risk of alcohol abuse than self-employed drivers (Lin et al.,
2003), and auto-rickshaw drivers (Risco et al., 2013), and a lower risk of drug taking behavior than self-employed drivers (Lin et al.,
2003). However, non-significant differences between bus and self-employed drivers were found for urinary amphetamine in the study
by Lin et al. (2003).

3.2.2.5. Post-traumatic stress disorder (PTSD). Three cross-sectional studies on subway drivers (Kim et al., 2013; 2013b, 2014), two
cross-sectional (Doroga and Baban, 2013; Malt et al., 1993) and two cohort studies (Cothereau et al., 2004; Karlehagen et al., 1993) in
train drivers, and a case series in bus drivers (Zhou et al., 2018) associated PTSD symptoms with occupational safety risks.

The main risk for subway and train drivers is the exposure to suicides on the railway tracks or “Person Under Train” (PUT) incidents.
Regarding subway drivers, personal (Kim et al., 2013; 2013b, 2014) and colleagues’ (Kim et al., 2014) experience of PUT incidents, the
number of PUT incidents (Kim et al., 2013b; 2014), when PUT was experienced and severity of PUT victim’s injury (Kim et al., 2013b)
significantly increased the risk of PTSD symptoms. Conflict with passengers, sudden stops from an emergency bell, and near safety
incidents, but not the experience of a breakdown (Kim et al., 2014), significantly predicted subway drivers’ PTSD risk.

For the case of train workers, two cohort studies found that drivers exposed to PUT experiences (Cothereau et al., 2004) and more
than 1 week PUT-related sick-leave (Karlehagen et al., 1993) are respectively at increased risk of PTSD and avoidance/intrusion
symptoms. One cross-sectional study (Malt et al., 1993) found a null association and one (Yum et al., 2006) a significant positive
association between PUT exposure and avoidance/intrusion symptoms; and another cross-sectional study (Doroga and Baban, 2013)
found that train drivers exposed to just one or two PUT incidents reported significantly more posttraumatic symptoms than train drivers
with more PUT experiences.

Regarding other UPT occupations, only one case series in bus drivers (Zhou et al., 2018) found that PTSD symptoms were signif-
icantly greater 4 weeks after exposure to a violent event at work, compared to 2 weeks, 6 months, and 1 year after the event (an overall
decrease in symptoms was reported over time). Additionally, the authors reported that men were more likely to experience moderate
PTSD than women one month after the traumatic event. No other significant gender differences were found.

3.2.2.6. Panic disorders. Three cross-sectional studies on subway drivers associated occupational safety risks and psychosocial stressors
with panic disorder. Kim et al. (2013, 2013b) found that subway drivers who experienced PUT had significantly higher lifetime and
1-year risks for panic disorder. There is also evidence that when PUT was experienced, number of PUT experiences, and severity of
victim’s injury are associated with greater risks of 1-year and lifetime panic disorder (Kim et al., 2013b). Kim et al. (2014) found that
PUT experience of a colleague significantly increased the risk for 1-year and lifetime panic disorder; but they also found null asso-
ciations of number of PUT experiences, conflict with passengers (interpersonal relationships category), near safety incidents, expe-
rienced a sudden stop, and experienced a breakdown with 1-year and lifetime risks of panic disorders.

3.2.2.7. Depression. There were a total of ten included studies dealing with the association between psychosocial stressors and
depression. While six of them (Jo et al.., 2010; Jones et al., 2020; Kim et al., 2013; 2013b, and 2014; Samerei et al., 2020) focused on
rail workers (i.e., rail, subway and train drivers), four studies (Chung and Wong, 2011; Risco et al., 2013; Lee et al., 2019; Simoes et al.,
2019) used samples of bus drivers (i.e., bus and auto rickshaw operators). Overall, all these studies found positive and significant
associations between their work-related stressors and depressive symptoms.

Particularly, bus drivers’ depression has been negatively associated with work-life balance (home-work interface) in Lee et al.
(2019); and positively associated with effort-reward imbalance (workload and work pace, and career development, status and pay
categories) (Chung and Wong, 2011), and job precariousness (Simoes et al., 2019).

Regarding subway/train drivers, occupational safety risks, such as the experience of PUT incidents (Kim et al., 2013, 2013b, 2014),
conflict with passengers, sudden stop from an emergency bell, near safety incidents (Jo et al., 2010), and perceived risk of suffering
emergency situations (Samerei et al., 2020) are positively associated with depression.

Finally, the study by Jones et al. (2020) found that the perception of workplace health promotion actions significantly reduced odds
ratios for depression among rail operators.

3.2.2.8. Anxiety. Three cross-sectional studies in bus drivers associated work organization-related stressors with anxiety. Lee et al.
(2019) found that Work-life balance (home-work interface category) was negatively and significantly associated with anxiety; Wagner
etal. (2014) found that daily surface acting (job content category) was significantly and positively associated with anxiety; found a null
association between occupation (bus vs auto-rickshaw drivers) and anxiety prevalence.
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3.2.2.9. Psychopathology symptoms. Eleven studies associated psychosocial risk factors with psychopathology symptoms. Eight of
those studies were cross-sectional (Cendales et al., 2014; Duffy and McGoldrick, 1990; Gershon et al., 2021; Lin et al., 2003;
Lopes-Simoes et al., 2019; Tse et al., 2007; Tu et al., 2021; Vatshelle and Moen, 1997) and two were cohort studies (Cothereau et al.,
2004; Limosin et al., 2006).

Cendales et al. (2014) found that job strain and effort/reward imbalance (workload and work pace, and career development, status
and pay categories), but not social support (interpersonal relationships category), are significantly and positively associated with bus
drivers’ psychopathology symptoms. Tse et al. (2007) and found that effort (workload and work pace category), and rewards (career
development, status and pay category) are negatively associated with bus drivers’ psychopathology symptoms; but also that adverse
road conditions and passenger behavior (job content category), and poor management support (interpersonal relationships category)
are not significantly associated with psychopathology symptoms. Tu et al. (2021) found a significant association between bus
driver-passenger communicative stress and psychopathology.

Additionally, Lopes-Simoes et al. (2019) found that self assessed bus drivers’ work precariousness was positively associated with
increased risk of common mental disorders; Duffy and McGoldrick (1990) found that practical job problems (Job content; workload
and work pace; occupational safety risk; role in the organization) were positively associated with psychoneurotic symptomatology
among bus drivers; Gershon et al. (2021) found that difficulty accessing face shield/goggles was associated with increased risk of mental
health symptoms among transit workers before and after NYC “COVID-19 Pause”; and Lin et al. (2003) found that self-employed drivers
have significantly higher non-psychotic neurotic symptoms in comparison with bus drivers.

On the other hand, two cohort studies (Cothereau et al., 2004; Limosin et al., 2006) found that PUT events were significantly
associated with increased risk for psychopathology symptoms among train drivers. Likewise, a cross-sectional study (Vatshelle and
Moen, 1997) found that train drivers having experienced distressing on-the-track events reported significantly greater psychopathology
symptoms than those not experiencing such events.

3.2.2.10. Psychosomatic symptoms. Two studies on bus drivers associated psychosocial stressors with somatic health symptoms. The
cohort study by Rydstedt et al. (1998) found that workload (workload and work pace category) is positively and significantly asso-
ciated with psychosomatic complaints. However, gender, and the interaction of gender and workload were not significant predictors of
psychosomatic complaints (Rydstedt et al., 1998). On the other hand, the cross-sectional study by Tse et al. (2007) found that rewards
(career development, status and category), but not effort (workload and work pace category), were significantly associated with so-
matic health symptoms. Furthermore, in an analysis that discriminated between specific bus drivers’ effort-related stressors, Tse et al.
(2007) found null associations between adverse road conditions/passenger behavior and somatic health symptoms; and between poor
management support and somatic health symptoms.

3.2.2.11. Psychological stress. Three cross-sectional studies on bus drivers associated perceived psychological stress with psychosocial
stressors. Carrere et al. (1991) found that non-verbal stress behaviors during driving and occupational stress were significantly higher
among bus drivers with high job strain (job content, workload and work pace, and participation and control categories). Meanwhile,
Thlstrom et al. (2017) found a null association between shift type (split shift vs. non-split shift: Working hours category) and perceived
stress.

The comparative study by Joshi and Vaidya (2017) found that perceived stress was significantly higher in bus drivers than in office
staff workers. Additionally, a cross-sectional study on transit workers found that an over 8 h workday duration (working hours
category) was related to psychological stress at work (Obelenis and Gedgaudiene, 2003).

3.2.2.12. Other mental health outcomes. A cross-sectional study comparing subway workers, train drivers and conductors (Zhang et al.,
2016) found that both night and long work schedules (working hours category) were negatively associated with mental health-related
quality of life (MHRQL) among these occupational groups. Working in both day and night shifts (working hours category) was
negatively associated with MHRQL only among train drivers. Overall, subway workers and conductors reported significantly higher
MHRQL than train drivers.

On the other hand, a cross-sectional study on subway drivers (Byun et al., 2016) found that low job control (participation and control
category) and rewards (career development, status and pay category) were associated with an increased risk of suicidal ideation.
However, job demands (workload and work pace category), job insecurity (career development, status and pay category), interper-
sonal conflict, conflict with passengers (interpersonal relationships category), occupational climate (organizational culture category),
physical environment, and sudden stops due to the emergency bell were not significantly associated with subway drivers’ suicidal
ideation.

3.3. Experimental studies

The studies summarized in this section involve the deliberate manipulation of exposure for research purposes. Interventions
differed from field experiments mainly because in the latter the research environment is the same one in which the subjects naturally
undertake their work tasks (Levitt and John, 2009). Meanwhile, interventions, which involve planned activities with the primary
intention of improving the working conditions and/or the health of the workers (Kristensen, 2005), were implemented in different
clinical and organizational contexts (see Table 4).
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3.3.1. Mental health outcomes reported across field experiments

The included experiments examined three mental health outcomes associated to working hours related stressors:

Fatigue and need for recovery (n = 5 studies), assessed using validated self-report instruments, such as the Samn-Perelli Fatigue
Checklist (SPFC) (Jay et al., 2008), the Pearson Buyars Fatigue Feeling Checklist (PBFFC) (Milosevic, 1997), the visual analogue fa-
tigue scale (Iridiastadi, 2021), or physiological measures such as heart rate variability (Huang et al., 2019).

Sleep problems (n = 4 studies), assessed using a validated self-report instrument, the Karolinska Sleepiness Scale (KSS) or the
Karolinska Drowsiness Score (KDS) (Anund et al., 2018; Brandenburger et al., 2021; Ingre et al., 2004; Iridiastadi, 2021).

Psychosomatic symptoms (n = 1 study) assessed tension, depression and vigor from the Profile of Mood States (POMS) (Sun et al.,
2018).

3.3.2. Results by mental health outcome
Table 3 summarizes the included experimental studies by mental health outcome, and relevant exposures for each occupational
group of UPT workers. Associations are described below.

3.3.2.1. Fatigue and need for recovery. Three studies found increases in fatigue over driving shifts. Among 9 Australian train drivers,
two different shift/recovery schedules were compared. In schedule 1, significant increases in fatigue compared to the pre-trip baseline
were seen for all five shifts’ post-shift ratings. Ratings on the three recovery days did not differ significantly from the pre-trip value. For
schedule 2, ratings following shifts 2 and 4 were significantly greater than the pre-trip baseline. Ratings on recovery day 3 were
significantly less. Overall, analyses showed elevated fatigue at the end of each shift. Designated 8 h rest periods appeared sufficient to
reduce fatigue to levels recorded prior to departure and prevent accumulation of fatigue across the trip (Jay et al., 2008).

Among 24 Serbian bus drivers, subjective fatigue increased significantly after driving (t = nr, p=<0.01). However, among 7 Serbian
bus drivers, the overall linear trend of heart rate decreased over a work shift (Milosevic, 1997).

Differences in fatigue between day, night and morning shifts were observed among 6 train drivers in Shanghai, China. During the
day shift, the level of fatigue and workload were low. During the night shift, the driver’s workload was continuously increasing (F =
2.001, p = 0.0452 < 0.05), and there is a high workload and driver fatigue during the passenger flow peak period of the night shift and
at the end of the shift. In the morning shift, the driver’s workload and fatigue are relatively high (F = 2.712, p = 0.0295 < 0.05) (Huang
et al., 2019).

Likewise, An Indonesian study (Iridiastadi, 2021) found that train conductors (n = 16) assigned to the afternoon shift (13:00-19:30
p-m.) reported significantly more fatigue and sleepiness than those (n = 16) assigned to the morning shift (06:00-12:30).

3.3.2.2. Sleep problems. Sleepiness (KSS) among 13 German train drivers using partially automated equipment increased to a greater
extent over 2 h of simulated driving compared to 19 drivers using fully automated equipment (F = 5.368; p < 0.028), suggesting use of
higher levels of automation to tackle fatigue issues associated with train driving (Brandenburger et al., 2021).

Two Swedish studies found an increase in sleepiness due to “split shifts”. 18 professional Swedish bus drivers drove on two af-
ternoons; one on a day in which they had driven early in the morning (split shift) and one on a day when they had been off duty until
the test (afternoon shift). 5 of the 18 drivers reached levels of severe sleepiness (KSS>8) with an average increase in KSS of 1.94 when
driving in the afternoon after working a morning shift compared with being off duty in the morning. Mean drowsiness (KDS) was
significantly higher (F = 5.114, p = 0.025) on the split shift day (M = 0.648; SD = 0.101) than the afternoon shift day (M = 0.463; SD
= 0.101). KDS max showed a similar effect (Anund et al., 2018).

Among 17 Swedish train drivers working a total of 9 h with a 2.5 h break in the middle, sleep length was reduced (p < 0.001) by 1 h
and 2 h, respectively, in the early shift compared to the day and evening shifts. There was an increased risk for severe sleepiness (KSS)
during the early shift (OR = 3.735, 95% CI: 2.205-6.329; p < 0.001) and evening shift (OR = 2.374; CI: 1.377-4.090; p < 0.002)
compared to the day shift (Ingre et al., 2004).

3.3.2.3. Psychosomatic symptoms. In a field experiment with a sample of bus drivers, for different consecutive driving times, signifi-
cantly higher tension was found in the 3-4 h range (F = 2.646, p = 0.049) than in shorter driving times (1 h, 1-2 h, 2-3 h). There were
no significant differences between driving times in depressed mood (Sun et al., 2018).

3.4. Intervention studies

The studies in this section examined mental health outcomes of work redesign interventions (i.e. planned changes in the content
and organization of work tasks, activities, relationships, and responsibilities. Parker, 2014; Evans et al., 1999; Poulsen et al., 2007;
Zhong et al., 2021), psychotherapeutic interventions (mainly cognitive behavioral therapy), and pharmacological treatments in train
drivers (Mehnert et al., 2012), and transit workers (Bender et al., 2016; Lowinger and Rombom, 2012).

3.4.1. Mental health outcomes across intervention studies

The included intervention studies (see Table 4) examined various mental health outcomes of psychotherapeutic interventions in
train drivers (Mehnert et al., 2012), and transit workers (Bender et al., 2016; Lowinger and Rombom, 2012); and work redesign in-
terventions in bus drivers (Evans et al., 1999; Poulsen et al., 2007; Zhong et al., 2021).

Post-Traumatic Stress Disorder (PTSD) was assessed using standardized instruments such as the Modified PTSD Symptom Scale (M-
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PSS) (Bender et al., 2016), PCL-C (Lowinger and Rombom, 2012), and Posttraumatic Diagnostic Scale (PDS) (Mehnert et al., 2012).
The study by Mehnert et al. (2012) also evaluated anxiety/depression (Hospital Anxiety and Depression Scale -HADS), psychological
distress (Distress Thermometer), and health-related quality of life (SF-36) as PTSD-related outcomes. Additionally, the experience of a
traumatic event at work, the barriers and motivating factors for seeking mental health treatment were qualitatively examined through
semi-structured interviews in the intervention study by Bance et al.

Perceived stress and related symptoms were addressed in two of the intervention studies, both of them among urban bus drivers
(Evans et al., 1999; Poulsen et al., 2007). Evans et al. (1999) measured perceived stress using a standardized scale (stress-energy
questionnaire), while Poulsen et al. (2007) used authors-developed scales to measure somatic stress, cognitive stress and reduced
vitality.

Lastly, depression (measured by the PHQ) was the focus in one study likewise conducted among bus drivers (Zhong et al., 2021).

3.4.2. Results by mental health outcome

3.4.2.1. PTSD interventions. All of the interventions in this group (PTSD) focused on individual treatment. Two out of the four
intervention studies addressing PTSD prevention and recovery by implementing a “Best Practice Intervention” (BPI) as an alternative
to “Treatment As Usual” (TAU) conducted among transit workers in Toronto, Canada. The first one was based on interviews analyzed
qualitatively to understand the barriers and motivating factors for seeking specialized mental health treatment. Its sample size was 29
(11 intervention participants and 18 controls) and included 33% and 54% women in the comparison and intervention groups
respectively. Emotional responses following the trauma — such as guilt, anger and disbelief — were particularly difficult. They were
among the barriers to seeking help, along with the overwhelming amount and timing of paperwork related to the incident, and the
negative interactions with management. On the other hand, motivating factors to seek help included family and peer support, as well
as financial and emotional concerns that persuaded some of the participants in the intervention to seek specialized mental health
treatment.

The second study (Bender et al., 2016) had a sample size of 141 transit workers: 79 intervention participants and 62 controls. The
study was quasi-experimental. It focused on differences in rates at Return To Work (RTW) of work lost days and PTSD symptoms
measured by the M-PSS. There were no statistically significant differences in change over time in M-PSS scores between TAU (esti-
mated marginal means (SE) = 48.89 (3.92); 34.78 (3.95), and 25.08 (3.95), at 1, 3, and 6 months, respectively), and BPI (estimated
marginal means (SE) = 53.69 (3.51), 36.58 (3.64), and 23.54 (3.68 at 1, 3, and 6 months, respectively) (p = 0.347). However, both
groups experienced significant statistical decrease in PTSD symptoms over time (p < 0.001). The BPI put in practice in these studies
consisted in psycho-education, screening for symptoms, referral to specialized mental health services (including Cognitive Behavioral
Therapy (CBT) and/or pharmacological treatment), occupational therapy, physiotherapy, consulting psychiatric care and specialized
return-to-work strategies.

Another study addressing PTSD was conducted among transit workers in New York, USA (Lowinger and Rombom, 2012). Its sample
size of 96 included 29 per cent female workers. The intervention was compared within the single group at pre-, middle and post-session
assessments. The measures of comparison were based on: the Global Assessment of Functioning (GAF), PCL-C, BAI, the Beck
Depression Inventory (BDI-II); health status; and level of functioning.

The intervention treatment was based on CBT, including relaxation training, self-instructional skills, desensitization training and
behavioral assignments. Improvement in nine out of the ten symptoms from the first to last treatment session; the only symptom not
showing any statistically significant improvement was fatigue. The largest treatment gains in order of the partial eta-squared were for
the symptoms of flashbacks (F = 29.09, p = 00.00, n2 = 0.63), sleep problems (F = 37.65, p = 00.00, n2 = 0.44), and concentration
difficulty (F = 10.03, p = 00.00, n2 = 0.38). Moreover, eight of the ten symptoms showed significant improvement from the first
session to the middle of treatment; only distress and disability failed to show significant improvement. There was also significant
improvement in six of the ten symptoms: flashbacks, depression, distress, disability, and sleep problems from the middle session to the
last session; however, symptoms of fear, hypervigilance, avoidance, and concentration difficulty failed to show additional significant
improvement from the middle to last sessions.

The last of the four studies addressing PTSD treatment intervention (Mehnert et al., 2012) was conducted in Germany among train
drivers exposed to suicides or emergency situations (n = 51, all men). Participants were assessed at the beginning, at the end and six
months after the rehabilitation program by a battery of validated self-report questionnaires, including: PDS, HADS and SF-36.

The intervention was a four-week rehabilitation program that included education, exercises and physical therapy to regain physical
fitness, relaxation training, psychosocial counseling, and cognitive-behavioral group therapy, as well as individual cognitive-
behavioral interventions and resource-oriented recreational activities. Significant main effect for intervention on posttraumatic
stress (F = 9.4, df = 1, p = 00.003), anxiety (F = 8.1, df = 1, p = 00.007), depression (F = 4, df = 1, p = 00.05), psychological distress
(F = 4.3, df = 1, p = 00.04) and mental QoL (F = 11.9, df = 1, p = 00.001). No significant effect of the intervention was found on
physical QoL (F = 4.3, df = 1, p = 00.04). No significant interaction effects were found either on posttraumatic stress (F =0.3,df =1, p
= 00.06), anxiety (F = 1.3, df = 1, p = 00.25), depression (F = 2.3, df = 1, p = 00.14), psychological distress (F = 0.5,df =1, p =
00.49), mental QoL (F = 1.0, df = 1, p = 00.33), and physical QoL (F = 3.2, df = 1, p = 00.08).

3.4.2.2. Depression interventions. The study by Zhong et al. (2021) among bus drivers (n = 86, one female worker) assessed depression
(PHQ) on a single group prior to, during, and post-nutrition change program. The intervention consisted in including an extra serving
of fresh fruit like an apple or a banana, in addition to a typical lunch box with no fruit included. The analyses showed a significant main
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effect for food impact, F (2, 77) = 3.73, p = 0.028, partial n2 = 0.09. Bus drivers reported significantly decreased depression levels 1
week after the experiments ended (M 1.42, SE 0.40) compared with 1 week before it began (M 1.55, SE 0.46), p = 0.021. No significant
difference was detected between before the experiment and in the middle of experiment weeks (M 1.52, SE 0.51), p = 0.387, nor
between after the experiment and in the middle of experiment weeks, p = 0.124.

3.4.2.3. Stress and stress symptoms interventions. A complex intervention was conducted in Sweden (Evans et al., 1999) among a group
of 41 bus drivers, of which ten participated in the intervention and 31 in the control group. Perceived stress, blood pressure and heart
rate were assessed as direct and mediated effects of the intervention.

The intervention tackled “job hassles” along the route by introducing 15 specific changes, including in the roadway and techno-
logical innovations controlling traffic management and passenger information systems. These were monitored by an independent
observer. Differences between groups for direct and mediating effects show that intervention reduced occupational stress. Positive for
systolic BP; heart rate and perceived stress. No changes showed for diastolic BP.

The last study was a participatory action intervention conducted among municipal bus drivers (n = 2677) in Denmark (Poulsen
et al., 2007) including 14 per cent female workers. Self-assessed measures of stress as developed by the authors were applied pre- and
post-intervention. Illnesses and symptoms were compared with the Danish Work Environment Cohort Study (n = 5377).

A different combination of work-redesign interventions was conducted in seven garages/groups. Those changes were in the cat-
egories of working hours, resources, social support and influence at work (participation and control). The coordination of activities,
participation of managers and union leaders, and the management of intervention barriers and facilitators was addressed from an
action research-based approach. At the follow-up survey, the risks of self-assessed stress (OR = 0.63, CI: [0.53-0.74]), somatic stress
(OR = 0.69, CIL: [0.62-0.76]), cognitive stress (OR = 0.65, CI: [0.58-0.72]) and reduced vitality (OR = 0.70, CI: [0.64-0.77]) were
significantly reduced from baseline. Other results from external evaluators are related to positive behavioral/healthier changes and
increased cooperation and interest among parties.

3.5. Qualitative studies

Of eleven included qualitative studies (see Table 5), five investigated bus drivers (de Alcantara et al., 2019, 2020; Maynard et al.,
2021; Pilkington-Cheney et al., 2020; Poulsen et al., 2007; Sidhu and An, 2019). Four studies investigated mixed occupational groups
of transit workers, which in addition to bus drivers included trainers, assessors, and customer service consultants (Biggs et al., 2009);
subway drivers, maintenance and cleaning staff (Bowles et al., 2017); managers (Maynard et al., 2021), and union leaders (Peters et al.,
2021). One study focused on train drivers (Naweed et al., 2017), and another study on bus traffic controllers (Maynard et al., 2021). All
studies used individual or group interviews-based designs, except for Poulsen et al. (2007), who used observational methods.
Regarding qualitative data analysis techniques, seven studies used thematic analysis (Biggs et al., 2009; Maynard et al., 2021; Maynard
et al., 2022; Naweed et al., 2017; Pilkington-Cheney et al., 2020; Peters et al., 2021; Sidhu and An, 2019), two phenomenological
analysis (de Alcantara et al., 2019, 2020), one grounded theory (Bowles et al., 2017), and another discourse and dilemma analyses
(Poulsen et al., 2007).

3.5.1. Data synthesis

Following thematic synthesis method, two reviewers (SD and CB) independently coded the eleven included articles. Subsequently,
the generated free codes were grouped into 22 descriptive themes. The latter were discussed by the entire research team, reaching
consensus on four final analytical themes: mental health experiences, work organization, personal safety concerns, and traffic (see
Appendix 3).

3.5.1.1. Mental health experiences. Work-related stress (de Alcantara et al., 2019; 2020; Naweed et al., 2017; Sidhu and An, 2019),
fatigue/sleepiness (Biggs et al., 2009; Bowles et al., 2017; Pilkington-Cheney et al., 2020; Maynard et al., 2021; Maynard et al., 2022;
Peters et al., 2021), and anxiety (de Alcantara et al., 2019; 2020; Naweed et al., 2017) are the most salient characteristics of UPT
workers’ mental health experiences, due to their intensity and constant presence during work.

First, from the perspective of bus and train drivers, fatigue is described as an impairment of ability and alertness, commonly
accompanied by boredom, irritability and withdrawn behavior (Maynard et al., 2021). UPT workers also report that work schedules
and accumulated fatigue hinder detachment from work and effective recovery during rest periods (Bowles et al., 2017; Maynard et al.,
2021; Pilkington-Cheney et al., 2020).

The study by Pilkington-Cheney et al. (2020) found that bus drivers report diverse individual fatigue-management strategies,
including the use of coffee, sugar, water, fresh air, stretching, talking, and napping. However, these on-duty fatigue countermeasures
depend on shift rostering, the availability of facilities such as bathrooms and rest areas, and safety restrictions on eating/drinking in the
bus cabin. Support from management and union members was also discussed as an important factor in mitigating fatigue (Biggs et al.,
2009), increasing the likelihood of seeking mental health treatment, and promoting health and well-being initiatives (Naweed et al.,
2017). However, it was not always easy to receive support. The magnitude of paperwork and negative interactions with management
were seen as a deterrent.

The reviewed qualitative studies consistently report that UPT workers are highly aware of their fatigue problems and of fatigue-
related occupational safety risks, especially falling asleep while driving (Maynard et al., 2021; Pilkington-Cheney et al., 2020). In
addition, they associate fatigue with health problems such as eating disorders, sleep disorders, and cardiovascular diseases (Peters
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et al., 2021). However, few workers are willing to report their fatigue problems, mainly recurrent on-duty sleepiness, due to the
perceived risk of disciplinary consequences (Maynard et al., 2021; Maynard et al., 2022).

Second, both bus (Sidhu and An, 2019; de Alcantara et al., 2019, 2020) and train drivers (Naweed et al., 2017) report high levels of
psychophysiological activation described by themselves as stress responses to environmental factors typical of urban public transport.
In particular, shift rostering problems (Naweed et al., 2017; Sidhu and An, 2019), communication with organizational leaders (Naweed
et al., 2017), the incivility of public transport users (Sidhu and An, 2019; de Alcantara et al., 2019, 2020) and heavy traffic (de
Alcantara et al., 2019, 2020) are perceived as overwhelming demands due to their intensity, chronic presence and unpredictability.
Furthermore, these stressors are perceived as unavoidable and to this extent, stress is understood by UPT workers as an inseparable
experience from work; as well as the ability to resist stress is understood as an essential individual trait to preserve health and work
performance (de Alcantara et al., 2019; 2020; Naweed et al., 2017; Sidhu and An, 2019).

And third, bus and train drivers report experiences of anxiety, described as anticipatory states of apprehension and worried thoughts
associated with the repeated presence of unpredictable environmental threats (de Alcantara et al., 2019; 2020; Naweed et al., 2017).
For example, de Alcantara et al. (2020, 2121) found that bus drivers define their work environment as a “box full of surprises”, in which
anything can happen at any time. This perception mainly refers to traffic incidents and violent behavior of passengers, which represent
threats to the personal safety of UPT workers. Likewise, based on the perspective of train drivers, Naweed et al. (2017) found that
anxiety experiences arise mainly from the contradiction between the strict timeframes to get from station to station, or “timetable
pressure”, and the obligation to adhere to job requirements, especially speed limits and stopping patterns.

3.5.1.2. Work organization. Overall, work organization was discussed as a contributing factor to the mental health experiences,
particularly overall stress, and fatigue levels. Working hours was a commonly discussed factor among bus drivers and transit workers,
that included the frequency and distribution of shift patterns (Maynard et al., 2021; Peters et al., 2021), length of turnaround periods
between shifts (Biggs et al., 2009), amount of overtime hours (Maynard et al., 2021.), high number of continuous days worked (Biggs
et al., 2009), and shortened breaks (Bowles et al., 2017). Working hours were perceived to be contributing to sleep debt, circadian
rhythm issues, persistent low level tiredness (Naweed et al., 2017), performance issues, and resorting to the consumption of caffeinated
beverages and unhealthy food choices (Bowles et al., 2017). Split shifts were seen as having benefits for some, such as being able to eat
without being rushed, and drawbacks for most, such as increasing the total time spent away from home (Sidhu and An, 2019). Overall,
these findings highlight the importance of addressing driver fatigue and providing drivers with sufficient rest periods and predictable
schedules to maintain their health and ensure safe driving practices.

Biggs et al. (2009) discussed how bus drivers had unrealistically tight route schedules and restricted shift breaks that contributed
significantly to their fatigue levels. Additionally, drivers often found the practice of issuing tickets, handling cash, checking conces-
sions, and validating passes at every stop cognitively draining (Biggs et al., 2009). One study showed differences in job demands and
compensation between small and large bus drivers at the same workplace (Peters et al., 2021). Bus and subway drivers discussed the
high level of responsibility they must ensure passenger safety (Maynard et al., 2021; Bowles et al., 2017). However, despite this
perceived high level of responsibility, they also lacked autonomy and control over their workday (Bowles et al., 2017). Drivers in this
study noted that productivity expectations had increased, leading to increased performance pressure and impacting their well-being
(Bowles et al., 2017).

Time pressure was perceived as an important cause of bus drivers’ mental health problems (Poulsen et al., 2007; Naweed et al.,
2017). Naweed et al. (2017) found that pressure came from two sources: self-inferred pressure, which refers to the pressure that drivers
feel to come into work, and pressure experienced from others, especially traffic controllers and supervisors. Limited organizational
resources in remote work locations lead to pressure on the drivers to cover those shifts. The authors also found that time pressure was
amplified in day-to-day communication, as drivers were constantly reminded to stick to timetables, adhere to railway regulations, and
to avoid making mistakes. These reminders are often also posted in driver mess halls and notice boards (Naweed et al., 2017).

Management was perceived by transit workers as being controlling, inflexible, and unsupportive (Bowles et al., 2017; Peters et al.,
2021), and it was suggested that having personal connections with members in the union was necessary to receive organizational
support (Bowles et al., 2017). Trade unions saw the sources of health problems being in the working environment, where management
saw it in the workers’ lifestyles (Poulsen, et al., 2007). In a study by Bowles et al. (2017), participants described a community in fear of
making mistakes, due to the organizational culture that was created through sanctions. A “lack of community” was described as having
four sub-categories: lack of respect, inadequate communication, formation of small networks or cliques, and prevailing self interest
(Bowles et al., 2017). Communication issues within organizations were identified as a significant barrier to adopting a healthy lifestyle
by participants (Naweed et al., 2017).

Bus drivers identified several cabin ergonomic factors that impacted their fatigue levels, including improperly adjusted seats from
previous driver, and a difficulty of setting it up for themselves before their shift (Peters et al., 2021), inadequate control over the
temperature in the cabin, exposure to heat and glare from the windshield, exposure to noise, exposure to passengers and potential
violence, and pain in the neck, back, and shoulder (Biggs et al., 2009). They also discussed issues with poor quality radio commu-
nications (Maynard et al., 2021). A lack of available facilities was a problem for drivers (Pilkington-Cheney et al., 2020) and discussed
as a limiting factor in getting proper rest and recovery and contributing to fatigue (Maynard et al., 2021).

Highlighted in work life balance was the difficulties of transit workers in maintaining healthy sleep patterns and eating habits, as
well as finding time for social engagements, especially for individuals working rotating shifts (Bowles et al., 2017). Bus and subway
drivers also faced barriers to adapting positive health behaviors, separating work from home life, and often lacked recovery time due to
the demanding nature of their job (Bowles et al., 2017). Sedentary exposure and the inability to maintain physical fitness were also
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identified as key concerns (Naweed et al., 2017). Drivers had limited opportunities to use vacation time, and in some cases, it could be
canceled on short notice due to the scheduling needs of their supervisors (Peters et al., 2021). Drivers discussed how the interest in
overtime can be disruptive, as employers can contact them at home, potentially interrupting their sleeping patterns (Maynard et al.,
2021). Long commutes added to their time spent away from home and drivers discussed as adding to their fatigue (Biggs et al., 2009;
Maynard et al., 2021).

3.5.1.3. Personal safety concerns. Workers in the transport industry presented mixed perceptions of personal risk at work. Carcinogens
(Bowles et al., 2017) and electromagnetic radiation in the cab (Naweed et al., 2017), concerned some workers. In one study, there was
concern about opening windows due to threats of violence on bus drivers (Pilkington-Cheney et al., 2020).

While drivers reported generally having good passenger relationships, stressful interpersonal situations are frequent. Requests for
directions, aggressive (verbal or physical) passenger behavior, and perceptions of passenger vigilance or driver performance were
themes discussed as contributing to fatigue (Biggs et al., 2009). Passengers would make special requests of the drivers, such as turning
off the cold air that was helping drivers feel awake (Peters et al., 2021).

3.5.1.4. Traffic. Traffic was discussed by bus drivers as a stressful risk vigilance demand (de Alcantara et al., 2019, 2020; Sidhu and
An, 2019), being unpredictable, chaotic, and dangerous. Most perceived threats in the road environment (such as reckless maneuvers
by other drivers) are sudden, but recurring, thus generating sustained anticipatory anxiety (de Alcantara et al., 2019).

Both fast and slow traffic are perceived by bus drivers as sources of stress. Slow traffic represents an impedance factor, which
hinders compliance with scheduled routes and passenger expectations (Sidhu and An, 2019; de Alcantara et al., 2019, 2020).
Meanwhile, in fast traffic, bus drivers are subject to stricter speed restrictions than those of light vehicles, which persistently try to get
in front of them, generating risky situations (de Alcantara et al., 2019). Organizational safety regulations (such as speed limits) are also
perceived as contradicting the time pressure on scheduled routes (Poulsen et al., 2007). To this extent, traffic represents a sustained
and unavoidable stressor, against which there are few coping alternatives beyond emotional control (de Alcantara et al., 2019).

4. Discussion
4.1. Summary of findings

This study systematically reviewed the quantitative and qualitative evidence on the effects of occupational exposures and in-
terventions on UPT workers’ mental health. The most investigated occupations were bus, train, tram and subway drivers. Operational
support personnel (e.g., maintainers, cleaners and traffic controllers) have been investigated mainly by studies with mixed samples of
“transit workers”, which do not provide specific evidence on the mental health outcomes and occupational exposures for each selected
occupational group, thus preventing comparisons.

Quantitative field, experimental, and intervention studies covered a total of eleven mental health outcomes: sleep problems, fatigue
and need for recovery, alcohol and substance use, PTSD, panic disorders, depression, anxiety, psychopathology symptoms, psycho-
somatic symptoms, and psychological stress. The two most investigated and best performing predictors of mental health outcomes
were work organization-related stressors, followed by occupational safety risk factors. These last included PUT-events and crashes in
railway workers, and passengers/drivers’ aggressions in bus drivers. Only 4/71 quantitative studies investigated physical risk factors
such as noise, temperature, and quality (absence of physical hazards)/availability of rest facilities.

Quantitative studies on work organization-related stressors focused mainly on exposures of rail and bus drivers classified in the
“working hours” WHO category, such as resting times, working hours/day/week, split shift hours, morning/evening/night shift hours,
variation of starting time, short notice of shifts, routes per day and driving hours per route. Meanwhile, organizational stressors
classified in the WHO categories of job content, workload and work pace, participation and control, interpersonal relationships, career
development, status and pay, were mainly investigated from the perspectives of Job Demands-Control, Job Demands-Resources and
Effort-Rewards Imbalance models of stress. Little research has investigated organizational culture and home-work interface-related
stressors among UPT workers.

Regarding the associations between occupational exposures and specific mental health outcomes, it was found that job content,
workload and work pace, participation and control, interpersonal relationships, career development, status and pay-related stressors
are key predictors of sleep problems, fatigue and need for recovery, burnout symptoms, alcohol and substances use, depression,
psychosomatic symptoms, and psychological stress among UPT workers. Likewise, occupational safety risk factors are the main factors
associated with PTSD, panic disorder, depression, alcohol and substance use, and psychopathology symptoms among rail and bus
drivers.

Longitudinal and experimental evidence consistently suggests that working hours-related stressors are significantly associated with
sleep disorders and fatigue. However, the cross-sectional evidence on the effect of working hours-stressors on sleep problems, fatigue
and need for recovery, alcohol and substance use is inconsistent. This is probably due to methodological bias in the included cross-
sectional studies, and frequent differences in self-reports of exposures (for example, some studies evaluate split-shift as a Y/N
dichotomous variable, others as total split-shift hours, and still others as split-shifts during the week).

The few studies on physical risk factors of UPT workers reported null associations between mental health outcomes and exposures
such as vibration, uncomfortable temperature, inadequate lighting, noise and lack of or inadequate rest facilities. All these studies are
cross-sectional, based on self-reports of exposures and of low methodological quality, especially due to participants’ selection bias.
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Regarding intervention studies, most of the included articles focus on managing PTSD symptoms of UPT workers exposed to
occupational safety risk factors such as PUT-events, violence and traffic crashes, from a psychotherapeutic perspective. The reviewed
evidence suggests that CBT-based treatments and multicomponent programs (combinations of CBT, psycho-education, screening for
symptoms, pharmacological treatment, occupational therapy, physiotherapy, psychiatric care and specialized return-to-work strate-
gies) are effective in reducing symptoms of PTSD, which tend to disappear in periods of between six months and a year in treated
patients.

An individual intervention focused on nutritional changes (fruit intake at lunch during three weeks) proved effective in improving
bus drivers’ depression symptoms. Furthermore, interventions focused on work redesign (working hours, social support, participation
and control, and traffic management) and technological support (and passenger information systems) proved effective in reducing bus
drivers’ stress symptoms.

Finally, the qualitative evidence was found to be highly consistent with the quantitative findings. The main contributions of
qualitative studies are, first, the detailed in-depth description of stress, fatigue, and anxiety experiences of UPT workers, which stand
out for their intensity and perceived inevitability. The qualitative characterization of stress experiences also includes an exploration of
contradictions in work organization typical of professional driving, such as high demands for operational agility (time pressure),
combined with organizational restrictions on speed, heavy traffic conditions, and passenger service needs. Second, the qualitative
literature contributes to the identification of individual fatigue and sleepiness countermeasures, such as the use of coffee, sugar, water,
fresh air, stretching, talking, and napping; and perceived barriers to the use of these countermeasures, mainly the lack of availability of
rest facilities and time pressure. And third, qualitative studies report a lack of trust in organizational and union leaders, who are not
perceived by UPT workers as relevant sources of social support for mental health protection.

4.2. Review in the context of previous studies

The results of this study are consistent with previous literature reviews on physical and mental health outcomes among bus drivers.
Such studies suggest that this occupational group is at high risk for cardiovascular, musculoskeletal (Kompier and Di Martino, 1995;
Ragland et al., 1998; Tse et al., 2006), gastrointestinal (Kompier and Di Martino, 1995; Tse et al., 2006), and respiratory disease
(Ragland et al., 1998), psychological stress, fatigue, sleep disorders (Evans, 1994; Kompier and Di Martino, 1995; Tse et al., 2006),
anxiety, depression, PTSD (Tse et al., 2006), alcohol and substance use (Ragland et al., 1998; Tse et al., 2006). In addition to con-
firming these previous findings, this review found evidence suggesting that bus drivers are also at risk of burnout and psychosomatic
symptoms, which are mental health outcomes little investigated among UPT workers.

Likewise, consistently with previous reviews on bus drivers, this study confirmed that work organization-related stressors, such as
high demands (especially time pressure), and low resources (low job control, social support, promotion opportunities, status and pay)
(Evans, 1994; Kompier & Di Martino, 1995; Ragland et al., 1998; Tse et al., 2006); and safety risks, such as passenger violence and road
aggressions (Kompier and Di Martino, 1995; Ragland et al., 1998; Tse et al., 2006), are the work exposures most consistently associated
with negative mental health outcomes among this occupational group. Of course, organizational stressors (Hausser et al., 2010;
Stansfeld and Candy, 2006; Tsutsumi and Kawakami, 2004) and violence at work (Nyberg et al., 2021) are also widely documented
predictors of mental health outcomes in the general working population.

Unlike previous literature reviews (Evans, 1994; Kompier and Di Martino, 1995; Tse et al., 2006), this study found that the
cross-sectional evidence on the association between bus drivers’ working hours-related stressors and mental health outcomes is highly
inconsistent. It is possible that this discrepancy is due to the fact that the use of quasi-systematic approaches makes previous reviews
vulnerable to reporting and selection bias. From the findings of this review, it is clear that more studies with high methodological
quality and standardized measures of shift work are needed to reach consensus on the mental health outcomes of key bus driver
exposures such as split shifts, long shifts, and rotating shifts.

Previous literature reviews have also found higher physical health-related mortality, morbidity, and absenteeism in bus drivers
compared to other blue-collar workers. However, this review found that, compared to self-employed drivers, formal bus and rail drivers
report lower risk of negative mental health outcomes, such as alcohol and substance use, psychopathology, and fatigue symptoms.
These findings are in line with the evidence on informal transport work precariousness, which represents a growing road safety and
public health issue in low- and middle-income countries (Agbiboa, 2016; Soliani and Bueno, 2022).

Regarding railway workers, two previous reviews found that subway and train drivers report high prevalence of PTSD, anxiety, and
depression associated with exposure to PUT-events (Clarner et al., 2015; Carey et al., 2021). The present study is consistent with these
findings and adds to previous reviews that panic disorder is also a relevant outcome of witnessing railway suicides. The results of this
study are also in line with the evidence on the effectiveness of trauma-focused cognitive-behavioral therapy, which has been used
successfully to improve return-to-work time and work functioning of railway workers exposed to PUT-evens (Torchalla and Strehlau,
2018).

Unlike occupational trauma-focused programs, the evidence on the effectiveness of work redesign programs in public transport has
not been previously reviewed. With only two studies included in this review focused on organizational changes associated with
positive mental health outcomes, the evidence base on work redesign programs in the UPT industry remains limited. However,
abundant studies in the general working population suggest that changes in adverse working conditions (e.g., flexible work and
scheduling changes; job and task modifications; relational and team dynamic initiatives; and participatory process interventions) are
the most promising approach to improve workers’ well-being (Fox et al., 2021) and performance (Knight and Parker, 2021).
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4.3. Practical implications

The recently published WHO guidelines on mental health at work (World Health Organization, 2022a, 2022b), and WHO-ILO
policy brief (WHO-ILO, 2022) recommend that strategies to address mental health at work should cover three areas of action: 1.
Prevent workers from experiencing mental health issues through removing work exposures; 2. Protect and promote mental health at
work through individual interventions; and 3. Support workers with mental health conditions through rehabilitation, return-to-work
and supported employment initiatives. Consistently with WHO-ILO guidelines, the results of this review suggest that interventions
focused on the mental health of UPT workers should prioritize the management of work organization-related stressors and occupa-
tional safety risks, mainly from the perspective of work redesign. The most urgent changes should address working hours, workload,
and work pace-related stressors, looking for work designs that reduce time pressure and promote effective recovery during rest periods.
Unfortunately, there are few documented examples of interventions with this approach. The programs “Human Side of the Road”
(Rydstedt et al., 1998; Evans et al., 1999) and “Healthy Bus Project” (Poulsen et al., 2007), both implemented more than 20 years ago
in northern Europe, remain to date the most prominent efforts to improve UPT workers’ health through changes in work organization.
The results of both programs suggest that traffic management (e.g., dedicated bus lanes and elimination of bottlenecks), improvement
of passenger access (e.g., user-friendly stations for drivers), improved information systems for drivers (e.g., in-vehicle information
systems) and passengers (e.g., arrival/departures displays), reorganization of shifts, on-duty rest times, and bus fleet renew-
al/maintenance, represent effective actions to prevent stress-related disease.

Interventions focused on job redesign remain scarce in UPT systems, probably because although the elimination of psychosocial
exposures has been shown to be effective in reducing stress-related negative health outcomes, there is no evidence on its cost-
effectiveness. This research gap needs to be investigated, considering the high human and road/occupational safety costs associ-
ated with worker health problems in the transport industry (Gurubhagavatula et al., 2020). However, there is evidence of job-redesign
interventions in the general working population with high economic viability, which are potentially replicable in UPT workers. For
instance, in their literature review, Bambra et al. (2008) found that changes in shift work, such as switching from slow to fast rotation,
from backward to forward rotation, and shift self-scheduling, may positively affect workers’ health at very low direct costs or even at
no cost to organizations.

Interventions focused on occupational safety risks of UPT workers are also needed, mainly violence in bus systems, and PUT-events
in rail systems. Regarding violence on public transport, political actions and law enforcement are needed to deter attacks against
workers (Zhou et al., 2018). For example, during the last decade, 30 USA states have tightened laws against violent behavior in
transport, increasing fines and penalties against offenders (ATU, 2012). UPT workers’ unions have also proposed using physical
barriers (e.g., bus cabin separation panels) and surveillance devices (e.g., cameras and emergency call buttons) to protect workers at
high risk of violence such as bus drivers, and educational interventions focused on promoting civic behavior in public transport
(UITF-ITF Joint Statement: Recommendations for Combating Violence and Insecurity on Urban Public Transport, 2015). For the
specific case of rail workers, reviews on the effectiveness of PUT prevention programs suggest that measures focused on distancing
victims from the railway tracks, such as suicide pits, and the use of blue lights in stations, which have a potentially calming effect on
agitated people, significantly decrease suicide frequency inside railway stations (Barker et al., 2017).

Regarding individual health WHO-ILO area of action, there is also evidence that health promotion actions with an individual
approach focused on the development of healthy lifestyle habits (Zhong et al., 2021), communication skills and conflict resolution in
UPT workers (Poulsen et al., 2007) can reinforce the positive mental health outcomes generated by structural changes in work or-
ganization. However, in an occupational group highly exposed to environmental stressors such as UPT workers, it is crucial not to
displace responsibility for health from working conditions and place it on people.

Finally, regarding the rehabilitation and return to work WHO-ILO area of action, all interventions found in UPT workers focus on
recovery from PTSD and PTSD related depression, anxiety and panic disorders. This evidence base suggests that therapeutic in-
terventions based on trauma-focused cognitive-behavioral therapy (e.g., exposure therapy and cognitive processing therapy, eye
movement desensitization and reprocessing, cognitive therapy, and stress inoculation training) reduce PTSD symptoms and facilitate
return to work in both victims of violence and witnesses of PUT-events (Torchalla and Strehlau, 2018).

From the qualitative evidence reviewed, participatory action represents one of the most promising intervention alternatives. In
particular, the involvement of organizational leaders and labor unions are key contextual factors for the effectiveness of mental health
interventions. To do this, it is necessary to overcome trust barriers, stigma and administrative obstacles such as excessive paperwork,
which prevent timely reporting of mental health problems, participation in organizational interventions, and even discussion of mental
health problems among co-workers (Poulsen et al., 2007). Both organizations and unions can also play a key role in negotiating with
government authorities to achieve improvements in transport infrastructure and employment conditions for UPT workers, which have
deteriorated since the covid-19 pandemic, especially in low and middle income countries (ITF, 2023).

4.4. Research gaps and emerging issues in literature

Regarding mental health outcomes, this study found that burnout and suicidal behaviors have been little investigated in UPT
workers. Investigating burnout in this occupational group is crucial because this syndrome is one of the most documented outcomes of
work-organization related stressors in the general working populations (Aronsson et al., 2017). Knowing that UPT workers are highly
exposed to psychosocial work stressors, it is most likely that they are also at high risk of burnout. In addition, knowledge about burnout
among UPT workers may contribute to explain related health outcomes, such as fatigue, sleep disorders, depression, anxiety,
gastrointestinal issues, and cardiovascular disease (Koutsimani et al., 2019; Salvagioni et al., 2017), which are highly prevalent in this
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occupational group.

Similarly, suicide can be an outcome of adverse working conditions (Howard et al., 2022), and also of work stress-related mental
health issues documented in UPT workers, such as anxiety (Bentley et al., 2016), depression (Hawton et al., 2013) and alcohol use
(Norstrom and Rossow, 2016). In addition, deaths by suicide are a growing problem in the working population. In the USA alone, it is
estimated that suicidal behaviors represent, in addition to the loss of lives, organizational costs of 93.5 billion dollars, associated with
health expenses and reduced productivity (Shepard et al., 2016).

With regard to occupational exposures potentially predictive of mental health outcomes, the results of this review suggest five
research lines. First, studies are needed on UPT workers other than urban drivers, mainly operational support personnel such as
conductors, cleaners, station agents, maintenance workers, and ticket sellers. These occupations may have specific occupational
hazards that remain understudied, but also share urban bus driver’s exposures such as time pressure and passenger incivility, docu-
mented by this and previous reviews as predictors of negative mental health outcomes (Evans, 1994; Kompier & Di Martino, 1995; Tse
et al., 2006).

Comparative evidence focused on gender and ethnicity in the transportation industry also remains very scarce. In most countries,
occupations in public transport such as drivers and maintainers, which are the most researched, are still male-dominated, which means
that most study groups are by default male. In addition, there is still a tendency among researchers to omit the sex distribution of
occupational groups and report a “homogeneous composition”, leaving out the different forms of employment, as well as job and
health practices by gender. In this review, only in two cases (Rydstedt et al., 1998; Zhou et al., 2018), one with null results (Rydstedt
et al., 1998), researchers compared work related-mental health outcomes by gender, without more profound reflections on the dif-
ferential experiences and working conditions of men and women.

Likewise, in the research field there are no cross-cultural comparisons focused on health or working conditions, nor on experiences
in mental health associated with workers’ ethnicity. This last issue is crucial because blue-collar immigrant employees are a group at
risk for work-related mental health problems (Shirmohammadi et al., 2023), and the migrant population represents more than 20% of
the workforce in the USA and Europe (ILO, 2019). This research line may also broaden the evidence base to compare the exposures and
health outcomes of different occupational groups in the public transport industry.

Secondly, although work-organization related stressors are the most documented predictors of UPT workers’ mental health, the
evidence is concentrated on job content, workload and work pace, working hours, participation and control, career development,
status and pay, and interpersonal relationships issues. Very few studies have investigated relevant exposures related to the home-work
interface, employees’ role in the organization, and organizational culture. Work-home interactions are relevant in the UPT industry
because shift work and time pressure are associated with work-family conflict (Arlinghaus et al., 2019), which in turn is a consistent
predictor of stress-related health outcomes (Allen et al., 2000). Likewise, although responsibility for people is a documented role
stressor in human service providers, it has been little studied in UPT workers. And finally, the reviewed qualitative evidence suggests
that UPT workers report frequent organizational culture-related stressors, such as low interpersonal trust, leadership, and poor
communication with organization managers and union representatives, but these exposures and their association with mental health
outcomes have not yet been quantified.

Third, there is also a critical need for standardized operationalizations of working hours-related stressors, including shift types,
duration, and rotation. This need exists not only in studies on UPT workers, but also in the general research field on the association
between shift work and health outcomes (Zhao et al., 2019). The standardization of these measures could notably contribute to the
methodological quality of self-report based studies, as well as to the evidence comparability and the consensus on the health outcomes
of shift work in UPT workers, and among other occupational groups.

Fourth, very few studies have associated physical work exposures with UPT workers’ mental health. Consistently with the results of
this review, studies in the general population had found that the evidence on the association between major pollutants (including air,
noise and light pollution) and mental health is inconclusive (Buoli et al., 2018; Ventriglio et al., 2021). However, this is an emerging
research field, in which UPT worker exposures such as road traffic noise and lights represent promising research targets.

Finally, similar to previous literature reviews on the UPT workers’ occupational exposures (Evans, 1994; Kompier and Di Martino,
1995; Ragland et al., 1998; Tse et al., 2006), this study found that the lack of evidence-based intervention studies is one of the main
gaps in the research field. As mentioned, preventive efforts focused on job redesign are especially urgent, and are likely to be more
successful than individual-focused interventions.

4.5. Strengths & limitations

To the best of our knowledge, this is the first study to review the quantitative and qualitative evidence on the effects of occupational
exposures and interventions on UPT workers’ mental health. The PRISMA guidelines and standardized synthesis methods were used to
guarantee the results’ rigor and reproducibility, thus overcoming the methodological quality of previous thematically close reviews.
Although the evidence reviewed remains limited mainly to UPT drivers, this study also synthesized evidence on subway, train, and
tram workers, and even on understudied UPT workers, such as traffic controllers.

However, the results of this study are limited by issues in the reviewed literature that should be noted. The quantitative studies’
methodological heterogeneity forced the use of narrative synthesis methods, which, unlike meta-analytic calculations, are vulnerable
to interpretation bias. Mixed methodological quality problems were also found, mainly selection bias within field studies; and weak
control of variables in the experimental studies. Additionally, considering that most of the evidence on the association between
occupational exposures and UPT workers’ mental health comes from cross-sectional studies, caution is recommended in attributing
causation based on the results of this review.
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Regarding the limitations of this study, it should be noted that the reported findings are restricted to the time span, language, search
engines and search terms predefined for the review. In addition, gray literature was excluded and, as in all literature reviews,
potentially eligible new studies may have been published after the dates on which the systematic search was conducted.

5. Conclusion

The evidence base about the effects of occupational exposures on the UPT workers’ mental health suggests that work organization-
related stressors, such as workload, time pressures, shift work, and unbalanced job designs (e.g. high demands and low control, and
high effort and low rewards) significantly increase the risk of sleep disorders, fatigue/sleepiness, alcohol and substance use, depres-
sion, anxiety, psychopathology symptoms, psychosomatic symptoms, and psychological stress. Safety risks such as exposure to
violence in bus drivers and PUT-events in railway workers significantly increase the risk of PTSD, depression and panic disorders.

Considering the occupational exposures of UPT workers, organizational interventions focused on the removal of occupational
hazards seem to be the most effective option to improve mental health in the transport industry. However, there is still a lack of
evaluative research evidence surrounding effective individual and work organization changes that improve UPT workers’ mental
health. Research is also needed on under-investigated outcomes, such as burnout and suicidal behavior; about work organization-
related stressors such as the home-work interface, and organizational culture (especially, trust and communication between co-
workers and between workers, managers and union representatives); role stressors, such as dealing with transport users’ problems, and
responsibility for passenger safety; and physical risks potentially associated with negative mental health oucomes, such as exposures to
air, noise and light pollution. The evidence base on occupational risks associated with the mental health of UPT workers can mainly
benefit from high-quality longitudinal studies, laboratory and field experiments, which reveal causal relationships between exposures
and outcomes.
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