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Summary

This study investigated whether sleep disorder risk and mental health outcomes in firefighters were 

associated with burnout, particularly emotional exhaustion, and examined the mediating role of 

sleep at work in these relationships. A secondary aim was to investigate associations between 

habitual sleep characteristics and burnout. North American firefighters (n=6,307) completed the 

Maslach Burnout Inventory (emotional exhaustion, depersonalisation, personal accomplishment) 

and were screened for sleep disorders and self-reported current mental health conditions and sleep 

characteristics. Multiple logistic regression analyses examined associations between sleep, mental 

health outcomes and burnout. Firefighters screening positive for a sleep disorder, particularly 

insomnia, had increased risk of emotional exhaustion (adjusted odds ratio [AOR] 3.78, 95% CI 

2.97–4.79). Firefighters self-reporting a current mental health condition were at greater risk of 

emotional exhaustion (AOR 3.45, 95% CI 2.79–4.27). Sleep during overnight work mediated the 

impact of having a sleep disorder and mental health condition on high burnout. Sleepiness and 

sleep deficit (difference between required and actual sleep), even in firefighters without sleep 

disorder risk, were associated with depersonalisation (AOR 1.65, 95% CI 1.34–2.03 and AOR 

1.29, 95% CI 1.06–1.57, respectively) and low personal accomplishment (AOR 1.25, 95% CI 

1.07–1.47 and AOR 1.17, 95% CI 1.01–1.35, respectively). Sleep and mental health problems 

were associated with increased risk of burnout in firefighters, and sleep during overnight work 

mediated these relationships. The results suggest the need to examine the effectiveness of 

occupational interventions that improve the opportunity for sleep, together with screening for and 

treating sleep disorders, to reduce burnout risk.
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Introduction

Firefighting is a demanding occupation which exposes personnel to physical and 

psychological stressors (Barger et al. 2009). Chronic exposure to workplace stressors can 

lead to burnout. Burnout is a three-dimensional syndrome characterised by emotional 

exhaustion (EE), depersonalisation (DP; i.e., negative attitudes about one’s clients and/or 

job) and low personal accomplishment (PA), which persist after a typical period of recovery 

from work (Maslach et al. 1996). If affected by burnout, personnel may experience increased 

health problems (Ahola et al. 2005) absenteeism, job turnover, and reduced performance 

(Fahrenkopf et al. 2008; Maslach et al. 1996). Consequently, the impact of workplace stress 

on organisations, and employee health and wellbeing, is estimated to cost the US economy 

$120 billion annually (Goh et al. 2015).

Sleep loss and sleep disorders disrupt daily functioning and increase the risk of burnout 

(Chin et al. 2015; Rajaratnam et al. 2011). Firefighters are frequently exposed to sleep 

restriction due to their work schedules (Barger et al. 2009), which typically involve 24-hour 

shifts (Barger et al. 2015). These schedules prevent firefighters from obtaining the amount of 

sleep they need to feel well-rested. Insufficient sleep increases firefighters’ risk of daytime 

sleepiness (Barger et al. 2009), which is shown in other occupations to associate with 

burnout (Ekstedt et al. 2006; Metlaine et al. 2017). Firefighters are also at high risk of sleep 

disorders (Barger et al. 2015). Indeed, among the cohort of firefighters reported herein, 28% 

screened positive for obstructive sleep apnoea (OSA), and 6% had high risk of insomnia 

(Barger et al. 2015). Although insomnia symptoms are closely related to, and may predict 

burnout (Armon et al. 2008), few studies have investigated this relationship in human service 

work such as nursing (Kousloglou et al. 2014), and emergency medicine (Bell et al. 2002), 

which many firefighters provide through their role as emergency medical technicians 

(EMTs). Like firefighters, police have a high risk of OSA, which was related to burnout in 

police (Rajaratnam et al. 2011). Shift work disorder (SWD) is another sleep disorder which 

affects 9% of firefighters (Barger et al. 2015), but its relationship to burnout has not been 

examined. In addition to sleep disorders, mental health conditions are also prevalent in 

firefighters, especially depression and post-traumatic stress disorder (PTSD) (Hom et al. 
2016), which may further contribute to the risk of burnout (Ahola et al. 2007; Katsavouni et 
al. 2016; Mitani et al. 2006).

Firefighters are sometimes permitted to sleep while on-duty overnight, but these sleep 

opportunities are often disrupted, especially in personnel with sleep disorders (Jay et al. 
2016) or mental health conditions (Hom et al. 2016). Sleep and mental health conditions 

have been associated with burnout in occupations involving night work (Katsavouni et al. 
2016; Kousloglou et al. 2014; Rajaratnam et al. 2011; Wolf et al. 2017), and incomplete 

recovery from work demands, potentially in the form of short sleep, has been identified as a 

possible mediating factor in the development of burnout (Gluschkoff et al. 2016).
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In the current study, we examined whether firefighters’ sleep disorder risk and mental health 

outcomes are associated with burnout. The extent to which sleep attained during overnight 

work mediates the relationship between sleep disorder risk and mental health outcomes on 

burnout was also explored. We hypothesised sleep and mental health conditions would raise 

the risk of burnout in firefighters, and these relationships would be explained by shorter 

sleep during overnight work. A secondary aim was to investigate associations between 

habitual sleep characteristics (sleep duration, sleep deficit, sleepiness) and burnout, which 

we also hypothesised would increase burnout. Given sleep disorders and mental health 

conditions are prevalent in firefighters (Barger et al. 2015; Hom et al. 2016), and both 

impact sleep characteristics, we further explored associations between sleep characteristics 

and burnout independent of risk of sleep disorders and mental health conditions. Together, 

this will provide insight into how sleep and mental health disturbances influence burnout, 

while beginning to inform which aspects of sleep could be targeted to reduce these 

potentially negative effects.

Methods

Sixty-Six North American fire departments participated in a sleep health and sleep disorder 

screening program, which included a survey. All firefighters provided written informed 

consent and those who completed the Maslach Burnout Inventory (MBI) in the survey and 

sleep screening are included in this study. Details of the fire departments, the program, its 

implementation (Barger et al. 2015), and impact in one department have been described 

(Sullivan et al. 2016).

The survey assessed firefighters’ habitual sleep characteristics. Questions included the 

amount of sleep needed every 24 hours to feel well-rested, and the typical sleep duration 

attained in 24 hours: (a) when working overnight, including 24-h shifts; (b) after working an 

overnight or 24-h shift; (c) when working day shifts, and; (d) following ≥2 days off work. 

Based on prior research (Yoo et al. 2013), short sleep was defined as ≤6 hours in the logistic 

regression analyses. A measure of sleep deficit was calculated as the difference in sleep 

duration after an overnight shift minus sleep required to feel well-rested. This difference was 

calculated as a continuous variable, from which a mean sleep deficit of 45 minutes was 

determined. Similar moderate levels of sleep deficit have been shown to induce a 

deterioration in mood (Motomura et al. 2017). Therefore, this mean value was applied as a 

cut-point to categorise firefighters with (≤−45 minutes) and without a sleep deficit (>−45 

minutes). In addition to sleep, job strain is another factor known to influence burnout (Ahola 

et al. 2007, Metlaine et al. 2017), but it was not specifically assessed in the current study. In 

the absence of this measure, participants reported the presence of a second job outside of 

being a firefighter, and total firefighting work hours (including any overtime hours) per week 

(over 4 weeks), which were included as covariates.

Firefighters completed self-report measures to screen for risk of insomnia (Athens Insomnia 

Scale) (Soldatos et al. 2003), OSA (Berlin Questionnaire) (Netzer et al. 1999), SWD 

(Rajaratnam et al. 2011) and restless legs syndrome (RLS; RLS Epidemiology, Symptoms 

and Treatment questionnaire) (Allen et al. 2005). Sleepiness was assessed using the Epworth 

Sleepiness Scale (Johns 2000). Further details of these measures are in Supplement 1.
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To measure burnout, the survey included the MBI–Human Services Survey (MBI–HSS) 

(Maslach et al. 1996), which defines burnout across three dimensions including; EE, DP and 

PA (see Supplement 1 for further MBI-HSS details). Similar to previous research 

(Rajaratnam et al. 2011), a categorical definition of burnout was used for logistic 

regressions, in which a high (vs. low or moderate) risk score for each dimension was 

determined (High EE ≥27 points; High DP ≥13 points; Low PA ≤31 points) (Maslach et al. 
1996). Cronbach’s alpha for the burnout dimensions were between 0.76 to 0.90. An overall 

High degree of burnout measure was also included, defined as high EE, high DP, with low 

PA (Maslach et al. 1996). Participants self-reported if they had a current diagnosis of 

depression, anxiety and PTSD. All procedures were approved by the Institutional Human 

Research Committee.

Statistical Analysis

Multiple logistic regression models were used for cross-sectional analysis of associations 

between sleep disorders, mental health conditions, sleep characteristics and burnout 

outcomes. A multicollinearity assessment using variance inflation factor and tolerance levels 

revealed no collinearity in the predictor variables (Supplement 1). We adjusted for age, 

gender, body mass index (BMI), smoking, alcohol, second job and mean total firefighting 

work hours per week. We tested these confounders individually and included those that were 

significant (p<0.10) in the initial models. A backward elimination method was applied to 

remove those that were not significant in the final model. Unadjusted and adjusted odds 

ratios (AOR) with 95% confidence intervals (CI) are reported. Statistical analyses were 

conducted using SPSS (IBM Corp, Version 24.0, Armonk, NY) and significance set at 

p<0.05.

Sleep duration when working an overnight shift (as a continuous variable) was examined as 

a mediator in the relations between screening positive for any sleep disorder, self-reporting a 

current diagnosis of any mental health condition and each burnout dimension. This analysis 

was conducted using PROCESS with SPSS. Direct effects of sleep disorders and mental 

health outcomes on burnout were determined. Indirect effects of sleep disorders and mental 

health conditions on burnout via the mediator were examined. Bootstrapped CI were 

generated from repeated resampling (10,000 samples) of the data, and mediation considered 

significant when the 95% CI did not span zero. We also compared the difference between the 

indirect effect for sleep duration when working overnight against other potential sleep 

mediators.

Results

Of the 11,836 firefighters who participated in the sleep health program, 6,933 were verified 

firefighters who completed the sleep screening and survey (58.6% cooperation, i.e., 

6,933/11,836). Of those, 6,307 completed the MBI–HSS and were eligible for the analyses. 

The mean age of the sample was 40.4 (8.9) years and 92.2% male (Table 1). Race and 

ethnicity of the sample were similar to the larger firefighter study and comparable to US 

national statistics (Barger et al. 2015). Based on BMI, 51.9% of firefighters were 
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overweight, which is higher than US adults (34.1%), but the percentage of obese firefighters 

(29.6%) was lower than US adults (32.2%) (Ogden et al. 2006).

Almost half (48.8%) of firefighters reported ≤6 hours sleep in 24 hours when working 

overnight (i.e., ≥6 hours work between 22:00–08:00) including 24-hour shifts, and 31.5% 

reported short sleep in the 24 hours after overnight work or 24-hour shift (Table 1). Thirty-

eight percent of firefighters screened positive for any sleep disorder, including OSA, 29.0%; 

SWD, 7.8%; insomnia, 6.1%; and RLS, 3.5%. Nearly half (48.1%) the firefighters exhibited 

high burnout on at least one dimension. Eleven percent (11.4%) had high EE, 17.7% had 

high DP, 38.1% had low PA and 4.0% had a high degree of burnout. Firefighters self-

reported a current diagnosis of depression (6.0%), anxiety (3.6%) and PTSD (1.8%). The 

percentage of comorbid sleep disorders, mental health conditions and high burnout 

dimensions in firefighters was small (3.7%).

Sleep disorders and burnout

Firefighters screening positive for insomnia were more likely to have high EE (AOR 3.78, 

95% CI 2.97–4.79), DP (AOR 2.15, 95% CI 1.71–2.71), low PA (AOR 2.15, 95% CI 1.74–

2.65) and a high degree of burnout (AOR 3.60, 95% CI 2.55–5.08) than those who did not 

screen positive. Firefighters screening positive for OSA were more likely to have a high 

degree of burnout (AOR 2.49, 95% CI 1.85–3.34), and each of the burnout dimensions, with 

the highest odds found for EE (AOR 3.08, 95% CI 2.56–3.71; Table 2a). Those screening 

positive for SWD were at increased risk of a high degree of burnout (AOR 3.48, 95% CI 

2.51–4.82), as well as each of the dimensions, with the greatest risk demonstrated for EE 

(AOR 2.60, 95% CI 2.01–3.35; Table 2a). RLS was associated with a high degree of burnout 

(AOR 2.30, 95% CI 1.41–3.75), high EE (AOR 2.13, 95% CI 1.51–2.99) and DP (AOR 

2.22, 95% CI 1.65–2.99).

Mental health and burnout

Firefighters reporting current PTSD or anxiety were at greater risk of a high degree of 

burnout (PTSD, AOR 5.12, 95% CI 3.07–8.56; Anxiety, AOR 3.52, 95% CI 2.30–5.39) than 

those who had never or did not currently have these conditions. PTSD and anxiety were 

associated with high EE (PTSD, AOR 4.88, 95% CI 3.27–7.29; Anxiety, AOR 4.17, 95% CI 

3.11–5.60) and DP (PTSD, AOR 3.32, 95% CI 2.22–4.95; Anxiety, AOR 2.07, 95% CI 

1.54–2.78). Firefighters reporting current depression were at increased risk of a high degree 

of burnout (AOR 4.18, 95% CI 3.00–5.84), and each of the dimensions, with the greatest 

odds found for EE (AOR 3.61, 95% CI 2.84–4.59; Table 2b).

Sleep, sleepiness, sleep deficit and burnout

Firefighters reporting short sleep when working an overnight shift were more likely to have 

high EE (AOR 2.26, 95% CI 1.87–2.73), DP (AOR 2.11, 95% CI 1.83–2.43) and a high 

degree of burnout (AOR 2.52, 95% CI 1.88–3.37). After working an overnight shift, 

firefighters reporting short sleep were more likely to have a high degree of burnout (AOR 

1.78, 95% CI 1.37–2.31) and high burnout across each dimension with the strongest 

association found for EE (AOR 1.88, 95% CI 1.59–2.23; Table 3). Short sleep when working 

a day shift was associated with high EE (AOR 1.96, 95% CI 1.56–2.47), DP (AOR 1.51, 
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95% CI 1.24–1.84) and a high degree of burnout (AOR 1.72, 95% CI 1.15–2.58). Those 

reporting short sleep following ≥2 days off from work were more likely to have high EE 

(AOR 1.56, 95% CI 1.29–1.90) and DP (AOR 1.19, 95% CI 1.00–1.41). Firefighters 

experiencing a sleep deficit had an increased risk of high burnout across dimensions (Table 

4), and a 2.22-fold (95% CI 1.71–2.89) risk of a high degree of burnout. Likewise, 

sleepiness was associated with high burnout across dimensions (Table 4) and a high degree 

of burnout (AOR 2.63, 95% CI 2.03–3.40).

Among firefighters who did not screen positive for any sleep disorder, referred to as Low-
risk sleep disorder participants, short sleep when working overnight was associated with 

high EE (AOR 1.74, 95% CI 1.32–2.31) and DP (AOR 1.74, 95% CI 1.43–2.11). There was 

a greater risk of high EE in low-risk sleep disorder firefighters reporting short sleep after 

overnight work (AOR 1.53, 95% CI 1.16–2.02) or when working a day shift (AOR 1.68, 

95% CI 1.17–2.42), but not following ≥2 days off work (Table 3). Low-risk firefighters with 

a sleep deficit had an increased risk of a high degree of burnout (AOR 1.77, 95% CI 1.11–

2.81) and each dimension, including 2.09-fold risk of EE (95% CI 1.59–2.74; Table 4). In 

this subsample, those with sleepiness had greater risk of high burnout across dimensions 

(Table 4).

Mediators of burnout

Direct effects showed higher scores for EE and DP and lower PA were predicted by sleep 

disorders and mental health conditions (Table S.9). Indirect effects of screening positive for 

any sleep disorder on burnout indicated significant mediation through sleep duration when 
working an overnight shift (Fig 1; Tables S.10, S.11). A multiple mediator model confirmed 

the effects through sleep duration when working overnight shifts were stronger than those 

through sleep after an overnight shift, sleep when working a day shift and sleep following ≥2 
days off work for screening positive for a sleep disorder (Fig S.1, Tables S.12, S.13). Sleep 
duration when working an overnight shift mediated the effect of mental health conditions on 

burnout (Tables S.14, S.15), with pairwise contrasts showing the effects through this 

mediator were stronger compared to sleep after an overnight shift, sleep when working a day 
shift and sleep following ≥2 days off work (Fig S.2, Tables S.16, S.17).

Discussion

Almost half (48.1%) of firefighters exhibited high burnout on at least one dimension. Those 

firefighters with a sleep disorder, in particular insomnia, had a 2- to 3-fold increased risk of 

high burnout on each dimension, most notably EE. Similarly, firefighters self-reporting a 

current diagnosis of PTSD, depression or anxiety had a 2- to 4-fold increased risk of burnout 

across most dimensions. Sleepiness, short sleep and sleep deficit, even in firefighters who 

did not screen positive for a sleep disorder, were associated with high burnout. In addition to 

increasing the risk of burnout, importantly, sleep during overnight work was shown to 

mediate the association between both sleep disorder risk and having a mental health 

condition on high burnout.

A large proportion of firefighters screened positive for OSA, which was associated with 

greater risk of high EE and DP. These associations and the high, largely untreated prevalence 
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of OSA in this sample of firefighters (see Supplement 1) are consistent with findings for 

OSA in police (Rajaratnam et al. 2011). Our findings indicate that OSA screening should be 

an important component of occupational health and safety programs. Firefighters screening 

positive for insomnia were also at risk of high EE and DP, which is similar to findings in 

nurses (Kousloglou et al. 2014). Both insomnia and OSA can result in fragmented sleep and 

rapid eye movement sleep disruption, which is a stage of sleep important for emotional 

regulation (Bianchi et al. 2010; Riemann et al. 2012), and found to be disturbed in patients 

with burnout (Ekstedt et al. 2006). The percentage of firefighters screening at risk of SWD 

(6.1%) was similar (5.4%, Rajaratnam et al. 2011), or slightly below levels previously 

reported among emergency service (9.1%, Barger et al. 2015) and nursing personnel (32.4–

37.6%; Flo et al. 2012). The slightly lower than expected prevalence of SWD is most likely 

explained by the use of stringent screening criteria for this disorder, which required both 

symptoms of insomnia and excessive sleepiness to be present (Czeisler et al. 2005). Despite 

this, screening positive for SWD, as well as RLS, was found to be associated with high 

burnout in firefighters. Like insomnia and OSA, sleep can be fragmented in RLS (Brand et 
al. 2010) and SWD (Gumenyuk et al. 2010), which may impair the ability to cope and 

recover from work demands, potentially leading to burnout. Indeed, in an important step 

forward, we provide evidence that short sleep during an overnight shift mediates the link 

between sleep disorder risk and high burnout on the EE and DP dimensions. Given that 

84.4% of our sample worked extended duration shifts (≥24 h) our findings highlight the need 

to maximise sleep opportunities during overnight shifts to reduce burnout. For instance, fire 

department policies that encourage sleep (e.g., permitting and encouraging napping, black-

out shades for sleep quarters) may increase firefighters sleep at work (Barger et al. 2017). 

Modifying shift schedules should be a primary strategy to improve the opportunity for sleep 

and lower burnout risk, however, this was not the focus of the present study. For instance, 

changing EMTs work schedules from a 24-hour shift (common in firefighting) to a 12-hour 

shift was found to lower EE at 2 months post-schedule change (Boudreaux et al. 1998). 

Conversely, no change in burnout rates were found in resident physicians following the 

introduction of duty hour restrictions (limiting shift length to 16 h), though there was also no 

difference in self-reported work hours before and after the mandated schedule change (Ripp 

et al. 2015). Further longitudinal studies incorporating objective sleep measures, including 

prospective studies using polysomnography to examine different sleep stages and sleep 

disorder severity, also proposed by Metlaine and colleagues (2017), are vital to determine 

causality within our mediation findings, and test the efficacy of sleep-related interventions in 

reducing burnout.

Firefighters self-reporting an existing diagnosis of a mental health condition, particularly 

PTSD and anxiety, were more likely to have high EE and DP, but not low PA. Conversely, 

depression increased the risk of low PA, along with high EE and DP. These findings are 

consistent with previous studies in firefighters (Katsavouni et al. 2016; Mitani et al. 2006) 

and other occupations (Wolf et al. 2017) indicating a positive relationship between mental 

health symptoms and burnout. The majority of research has focused on depression, which is 

hypothesised to reduce an individual’s perception of self-worth and ability to cope with 

work demands, which in turn, may increase burnout (Ahola et al. 2007; Bianchi et al. 2015; 

Toker et al. 2012). Other research suggests burnout represents a stage in the development of 

Wolkow et al. Page 7

J Sleep Res. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



depression (Ahola et al. 2007; Bianchi et al. 2015). Longitudinal evidence of this reciprocal 

causation exists (Ahola et al. 2007; Ahola et al. 2005; Toker et al. 2012), demonstrating 

potential burnout-depression overlap (Bianchi et al. 2015), yet it is less clear if a similar bi-

directional relationship also exists for burnout and PTSD or anxiety. A consistent finding for 

each of these mental health conditions, however, is the co-occurrence of sleep disturbances 

(Hom et al. 2016; Wolf et al. 2017; Yoo et al. 2013), which could be worsened with night 

work. In the current study we demonstrate that shorter sleep duration during an overnight 

shift contributes to high EE and DP in firefighters with a mental health condition, supporting 

a focus on reducing sleep loss to address burnout risk in vulnerable personnel. It should be 

noted, however, that additional mediation analysis revealed that mental health conditions 

may also mediate the effects of sleep duration when working an overnight shift on burnout 

(see Supplement 1). Future studies that prospectively examine the impact of improving 

mental health, as well as exposure to night work (through work schedule modifications that 

aim to increase sleep opportunity) on burnout risk will enhance our understanding of these 

complex interactions between mental health, sleep and burnout in emergency personnel.

In addition to mediating the effect of sleep and mental health disorders on burnout, short 

sleep was independently associated with high EE and DP. Our findings for short sleep 

during, as well as after overnight work and when working day shifts are consistent with 

research showing sleep loss on work days to increase the risk of overall burnout in police 

(Yoo et al. 2013) and nurses (Chin et al. 2015), and EE in medical students (Wolf et al. 
2017). It is noted that the odds for increased EE and DP among firefighters with short sleep 

during and after overnight work and on days off (EE, AOR between 1.56 and 2.26; DP, AOR 

between 1.19 and 2.11; Table 3) were slightly lower than what was observed for personnel 

with a sleep disorder (EE, AOR 3.37; DP, AOR 2.44; Table 2a) or mental health condition 

(EE, AOR 3.45; DP, AOR 2.52; Table 2b), suggesting that sleep loss made a slightly weaker 

contribution to burnout risk compared to mental health conditions and sleep disorders. In 

medical residents, however, burnout was not associated with sleep reported over a one-and-

a-half-month period of work (Fahrenkopf et al. 2008). We extend these findings by 

demonstrating that in addition to work days, short sleep following ≥2 days off from work 

was associated with high EE and DP in firefighters. Inadequate sleep during and after work, 

and into rest periods, may impair firefighters’ ability to recover from occupational demands, 

potentially explaining the heightened burnout risk in those reporting short sleep in the 

current study.

Research has demonstrated the adverse impact of sleep deficit on mental health (Regestein et 
al. 2010). In the current study we found sleep deficit also increases risk of burnout. 

Firefighters with daytime sleepiness were at 2.5-, 2.1- and 1.2-fold risk of high EE, high DP 

and low PA respectively, which is consistent with medical students (Wolf et al. 2017). A 

similar association between sleepiness and burnout was found in OSA patients, but only for 

EE and DP (Guglielmi et al. 2014). Sleepiness, and related symptoms (e.g., fatigue, 

nonrestorative sleep) are common in OSA (Guglielmi et al. 2014), as well as specific 

insomnia phenotypes (Pillai et al. 2015) and other sleep disorders (SWD, RLS) (Allen et al. 
2005; Wright et al. 2013) prevalent among firefighters (Barger et al. 2015). When removing 

firefighters in the current study who screened positive for a sleep disorder, however, 

sleepiness, sleep deficit and short sleep (during and after a shift) were still associated with 
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burnout. Sleep disorders can also overlap with mental health conditions, but in the current 

study we did not observe an interaction effect between sleep disorders and mental health 

conditions on high burnout (see Supplement 1). Further analysis confirmed, however, that 

short sleep was associated with EE among firefighters who did not report a mental health 

condition (see Supplement 1). Together, these results highlight the health burden of 

sleepiness and sleep loss in firefighting, and the potential need for targeted sleep 

interventions to address these factors.

Limitations of the study were the cross-sectional design from which we cannot determine 

causality, and the use of self-report measures. In particular, relying on self-report mental 

health diagnoses may have reduced the overall proportion of firefighters that meet positive 

screening criteria for mental health conditions in our sample given previous research in both 

the US general population (Brody et al. 2018) and firefighters (Hom et al. 2016) that has 

shown higher levels of clinically significant mental health symptoms assessed using 

common screening tools. Further research in firefighters using objective sleep measures and 

mental health screening tools is needed to assess prospectively the relationships between 

sleep, mental health and burnout, for example in trainees as they progress through their 

career and exposure to shift work. BMI was also based on self-report in the current study. 

Although the observed percentage of overweight and obese firefighters (81.5%) were similar 

to a prior study in US firefighters (79.5%, Poston et al. 2011), research using more robust 

measures of body composition are needed (e.g., percent body fat). Future research in 

firefighters should also consider measuring and adjusting for job strain, which is known to 

influence burnout (Ahola et al. 2007, Metlaine et al. 2017). Finally, this study did not assess 

on duty workload (e.g., frequency of emergency call-outs), which may impact sleep 

opportunities at work, especially during overnight shifts, and may be an additional factor 

influencing burnout for consideration in future studies.

Sleep and mental health problems were associated with high burnout in firefighters, and 

sleep during overnight work explained the relationship between sleep disorder risk and 

burnout, and mental health outcomes and burnout. Given the high cost of burnout to the 

individual and organisation, our findings suggest that reducing sleep and mental health 

disturbances should be a focus of fire departments’ occupational health screening programs, 

along with trialling interventions designed to maximise sleep.
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Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Indirect effects of positive screening for any sleep disorder on Emotional Exhaustion (A), 

Depersonalisation (B) and Personal Accomplishment (C) through the mediator of Sleep–

Overnight work (i.e., sleep duration when working overnight shifts). Path coefficients (95% 

confidence interval) are shown. Long dashed lines indicate significant direct effect paths. 

Solid lines indicate significant indirect effect paths. For further indirect effect details see 

Table S.10. Adjusted for age, gender, body mass index, cigarette smoking, alcohol 

consumption, second job and mean weekly work hours. For full model details and variables 

included in the model see Table S.11.
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Table 1.

Participant characteristics

Characteristic n % Mean SD

n 6,307

Age, years 40.4 8.9

Gender

 Male 5,812 92.2

 Female 372 5.9

 Not known 123 1.9

Body Mass Index

 < 25 kg/m2 1,164 18.5

 ≥ 25 and < 30 kg/m2 3,272 51.9

 ≥ 30 and < 35 kg/m2 1,427 22.6

 ≥ 35 kg/m2 444 7.0

Second job

 Yes 2,495 39.6

 No 3,231 51.2

 Unknown 581 9.2

Sleep required to feel well rested
a
, h 7.6 1.1

Sleep when working an overnight shift
a
, h 5.4 1.5

Sleep when working an overnight shift
a

 ≤ 6 h 3,078 48.8

 > 6 h 2,788 44.2

 Unknown 50 0.8

 Not applicable
b 391 6.2

Sleep after working an overnight shift
a
, h 6.8 2.1

Sleep after working an overnight shift
a

 ≤ 6 h 1,988 31.5

 > 6 h 3,860 61.2

 Unknown 363 5.8

 Not applicable
b 96 1.5

Sleep when working a day shift
a

 ≤ 6 h 1,329 21.1

 > 6 h 1,624 25.7

 Unknown 913 14.5

 Not applicable
b 2,441 38.7

Sleep following two or more days off from work
a

 ≤ 6 h 1,086 17.2
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Characteristic n % Mean SD

 > 6 h 4,530 71.8

 Unknown 691 11.0

Sleep disorders

 Insomnia 385 6.1

 Obstructive Sleep Apnoea 1,830 29.0

 Restless Legs Syndrome 219 3.5

 Shift Work Disorder 491 7.8

Burnout

 High Emotional Exhaustion 722 11.4

 High Depersonalisation 1,118 17.7

 Low Personal Accomplishment 2,402 38.1

 High degree
c 250 4.0

Mental health condition

 Depression 378 6.0

 Anxiety 224 3.6

 Post-traumatic Stress Disorder 113 1.8

Firefighters with a sleep disorder, mental health condition and burnout
d 233 3.7

Firefighters without a sleep disorder, mental health condition or burnout
e 2155 34.2

a
per 24-hour period.

b
firefighters who indicated they do not work this shift type.

c
high EE, high DP, with low PA.

d
Included only firefighters who screened high risk for any sleep disorder, reported any mental health condition and had high burnout on one or 

more dimension.

e
Included only firefighters who did not screen high risk for any sleep disorder, did not report any mental health condition and did not have high 

burnout for any dimension.
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Table 2a.

High burnout outcomes associated with positive sleep disorder screening result (n=6,307)

Burnout 

Outcome
a
, 

n
b

High Burnout Outcome in Participants with Positive Sleep 
Disorder Screening No./No. total (%)

Unadjusted Adjusted
f

OR 95% CI P Value OR 95% CI P Value

Insomnia Positive Screening

Insomnia Negative 

Screening
d

EE 116/385 (30.1) 593/5876 (10.1) 3.84 3.04-4.85 <0.0001 3.78 2.97-4.79 <0.0001

n 6261

DP 115/384 (29.9) 989/5837 (16.9) 2.10 1.67-2.63 <0.0001 2.15 1.71-2.71 <0.0001

n 6221

PA 215/383 (56.1) 2165/5850 (37.0) 2.18 1.77-2.68 <0.0001 2.16 1.75-2.66 <0.0001

n 6233

High degree
c 44/383 (11.5) 202/5835 (3.5) 3.62 2.56-5.11 <0.0001 3.60 2.55-5.08 <0.0001

n 6218

Obstructive Sleep Apnea 
Positive Screening

Obstructive Sleep Apnea 

Negative Screening
d

EE 349/1830 (19.1) 362/4375 (8.3) 2.61 2.23-3.06 <0.0001 3.09 2.56-3.71 <0.0001

n 6205

DP 426/1824 (23.4) 665/4341 (15.3) 1.68 1.47-1.93 <0.0001 2.00 1.71-2.35 <0.0001

n 6165

PA 758/1828 (41.5) 1607/4350 (36.9) 1.21 1.08-1.35 0.001 1.20 1.07-1.34 0.002

n 6178

High degree
c 112/1824 (6.1) 133/4339 (3.1) 2.07 1.60-2.68 <0.0001 2.49 1.85-3.34 <0.0001

n 6163

Shift Work Disorder Positive 
Screening

Shift Work Disorder 

Negative Screening
d

EE 104/491 (21.2) 442/4769 (9.3) 2.63 2.07-3.34 <0.0001 2.60 2.01-3.35 <0.0001

n 5260

DP 167/486 (34.4) 810/4748 (17.1) 2.55 2.08-3.12 <0.0001 2.49 2.03-3.05 <0.0001

n 5234

PA 214/488 (43.9) 1787/4753 (37.6) 1.30 1.07-1.57 0.007 1.30 1.07-1.57 0.007

n 5241

High degree
c 54/486 (11.1) 162/4746 (3.4) 3.54 2.56-4.89 <0.0001 3.48 2.51-4.82 <0.0001

n 5232

Restless Leg Syndrome 
Positive Screening

Restless Leg Syndrome 

Negative Screening
d

EE 49/219 (22.4) 663/6025 (11.0) 2.33 1.68-3.24 <0.0001 2.13 1.51-2.99 <0.0001
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Burnout 

Outcome
a
, 

n
b

High Burnout Outcome in Participants with Positive Sleep 
Disorder Screening No./No. total (%)

Unadjusted Adjusted
f

OR 95% CI P Value OR 95% CI P Value

n 6244

DP 66/218 (30.3) 1038/5987 (17.3) 2.07 1.54-2.79 <0.0001 2.22 1.65-2.99 <0.0001

n 6205

PA 94/219 (42.9) 2272/5998 (37.9) 1.23 0.94-1.62 0.132 1.20 0.91-1.57 0.196

n 6217

High degree
c 19/218 (8.7) 229/5984 (3.8) 2.40 1.47-3.91 <0.0001 2.30 1.41-3.75 0.001

n 6202

Any Sleep Disorder Positive 
Screening

Any Sleep Disorder Negative 

Screening
d

EE 460/2398 (19.2) 262/3909 (6.7) 3.30 2.81-3.88 <0.0001 3.37 2.86-3.97 <0.0001

n 6307

DP 599/2385 (25.1) 519/3882 (13.4) 2.17 1.91-2.48 <0.0001 2.44 2.11-2.80 <0.0001

n 6267

PA 1033/2391 (43.2) 1369/3888 (35.2) 1.40 1.26-1.55 <0.0001 1.39 1.25-1.54 <0.0001

n 6279

High degree
c 171/2384 (7.2) 79/3880 (2.0) 3.72 2.83-4.88 <0.0001 4.36 3.26-5.82 <0.0001

n 6264

EE, emotional exhaustion; DP, depersonalisation; PA, personal accomplishment; OR, Odds ratio; CI, Confidence interval; n, number.

a
High vs. low to moderate score on burnout dimension

b
The n presented represents the sample for Unadjusted analyses. The n for Adjusted analyses for sleep disorders are in Table S.4.

c
high EE, high DP and low PA.

d
Missing or not known outcomes not included.

e
Yes vs. never or not now.

f
Adjusted for age, gender, body mass index, cigarette smoking, alcohol consumption, second job and mean weekly work hours. Variables included 

in each model for sleep disorders are in Tables S.4.
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Table 2b.

High burnout outcomes associated with mental health outcomes (n=6,307)

Burnout 

Outcome
a
, n

b
High Burnout Outcome in Participants with Mental 

Health Conditions
e
 No./No. total (%)

Unadjusted Adjusted
f

OR 95% CI P Value OR 95% CI P Value

Depression No Depression
d

EE 113/378 (29.9) 592/5830 (10.2) 3.77 2.98-4.78 <0.0001 3.61 2.84-4.59 <0.0001

n 6208

DP 128/376 (34.0) 965/5792 (16.7) 2.58 2.06-3.23 <0.0001 2.77 2.19-3.51 <0.0001

n 6168

PA 173/377 (45.9) 2186/5803 (37.7) 1.40 1.14-1.73 <0.0001 1.41 1.13-1.75 0.002

n 6180

High degree
c 49/376 (13.0) 196/5789 (3.4) 4.28 3.07-5.96 <0.0001 4.18 3.00-5.84 <0.0001

n 6165

Post-Traumatic Stress 
Disorder

No Post-Traumatic Stress 

Disorder
d

EE 43/113 (38.1) 659/6084 (10.8) 5.06 3.43-7.46 <0.0001 4.88 3.27-7.29 <0.0001

n 6197

DP 46/113 (40.7) 1044/6044 (17.3) 3.29 2.25-4.81 <0.001 3.32 2.22-4.95 <0.0001

n 6157

PA 55/113 (48.7) 2297/6056 (37.9) 1.55 1.07-2.25 0.021 1.38 0.93-2.05 0.106

n 6169

High degree
c 19/113 (16.8) 224/6041 (3.7) 5.25 3.15-8.75 <0.0001 5.12 3.07-8.56 <0.0001

n 6154

Anxiety No Anxiety
d

EE 75/224 (33.5) 629/5977 (10.5) 4.28 3.20-5.72 <0.0001 4.17 3.11-5.60 <0.0001

n 6201

DP 66/223 (29.6) 1027/5938 (17.3) 2.01 1.50-2.70 <0.0001 2.07 1.54-2.78 <0.0001

n 6161

PA 97/223 (43.5) 2254/5950 (37.9) 1.26 0.96-1.65 0.091 1.33 1.00-1.76 0.051

n 6173

High degree
c 27/223 (12.1) 218/5935 (3.7) 3.61 2.36-5.52 <0.0001 3.52 2.30-5.39 <0.0001

n 6158

Any Mental Health 
Condition No Mental Health Condition

d

EE 148/526 (28.1) 559/5709 (9.8) 3.61 2.93-4.45 <0.0001 3.45 2.79-4.27 <0.0001

n 6235

DP 166/523 (31.7) 933/5672 (16.4) 2.36 1.94-2.88 <0.0001 2.52 2.04-3.10 <0.0001
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Burnout 

Outcome
a
, n

b
High Burnout Outcome in Participants with Mental 

Health Conditions
e
 No./No. total (%)

Unadjusted Adjusted
f

OR 95% CI P Value OR 95% CI P Value

n 6195

PA 241/524 (46.0) 2126/5683 (37.4) 1.43 1.19-1.71 <0.0001 1.42 1.17-1.72 <0.0001

n 6207

High degree
c 63/523 (12) 182/5669 (3.2) 4.13 3.05-5.58 <0.0001 4.05 2.99-5.48 <0.0001

n 6192

EE, emotional exhaustion; DP, depersonalisation; PA, personal accomplishment; OR, Odds ratio; CI, Confidence interval; n, number.

a
High vs. low to moderate score on burnout dimension

b
The n presented represents the sample for Unadjusted analyses. The n for Adjusted analyses for mental health outcomes are in Table S.5.

c
high EE, high DP and low PA.

d
Missing or not known outcomes not included.

e
Yes vs. never or not now.

f
Adjusted for age, gender, body mass index, cigarette smoking, alcohol consumption, second job and mean weekly work hours. Variables included 

in each model for mental health outcomes are in Tables S.5.

J Sleep Res. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wolkow et al. Page 20

Ta
b

le
 3

.

H
ig

h 
bu

rn
ou

t a
ss

oc
ia

te
d 

w
ith

 s
le

ep
 d

ur
at

io
n 

in
 A

ll 
pa

rt
ic

ip
an

ts
 (

n=
6,

30
7)

 a
nd

 p
ar

tic
ip

an
ts

 w
ho

 d
id

 n
ot

 s
cr

ee
n 

po
si

tiv
e 

fo
r 

a 
sl

ee
p 

di
so

rd
er

 (
L

ow
-r

is
k 

sl
ee

p 
di

so
rd

er
 p

ar
tic

ip
an

ts
; n

=
3,

90
9)

B
ur

no
ut

 

O
ut

co
m

ea , 

nb

H
ig

h 
B

ur
no

ut
 O

ut
co

m
e 

in
 A

ll 
pa

rt
ic

ip
an

ts
 w

it
h 

Sh
or

t 
Sl

ee
p 

N
o.

/N
o.

 
to

ta
l (

%
)

U
na

dj
us

te
d

A
dj

us
te

de
H

ig
h 

B
ur

no
ut

 O
ut

co
m

e 
in

 L
ow

-r
is

k 
sl

ee
p 

di
so

rd
er

 p
ar

tic
ip

an
ts

 w
it

h 
Sh

or
t 

Sl
ee

p 
N

o.
/N

o.
 t

ot
al

 (
%

)

U
na

dj
us

te
d

A
dj

us
te

de

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

Sl
ee

p 
w

he
n 

w
or

ki
ng

 o
ve

rn
ig

ht
d

Sl
ee

p 
w

he
n 

w
or

ki
ng

 o
ve

rn
ig

ht
d

≤6
 h

>
6 

h
≤6

 h
>

6 
h

E
E

57
9/

30
78

(1
8.

8)
67

/2
78

8
(2

.4
)

2.
32

1.
94

-2
.7

7
<

0.
00

01
2.

26
1.

87
-2

.7
3

<
0.

00
01

13
9/

17
43

(8
.0

)
89

/1
89

1
(4

.7
)

1.
76

1.
33

-2
.3

1
<

0.
00

01
1.

74
1.

32
-2

.3
1

<
0.

00
01

n
58

66
36

34

D
P

96
0/

30
62

(3
1.

4)
11

0/
27

74
(4

.0
)

2.
14

1.
86

-2
.4

6
<

0.
00

01
2.

11
1.

83
-2

.4
3

<
0.

00
01

28
9/

17
36

(1
6.

6)
19

4/
18

81
(1

0.
3)

1.
74

1.
43

-2
.1

1
<

0.
00

01
1.

74
1.

43
-2

.1
1

<
0.

00
01

n
58

36
36

17

PA
18

20
/3

06
5

(5
9.

4)
45

5/
27

78
(1

6.
4)

0.
98

0.
89

-1
.0

9
0.

76
9

N
ot

 s
ig

 in
 f

in
al

 m
od

el
58

5/
17

36
(3

3.
7)

68
6/

18
82

(3
6.

5)
0.

89
0.

77
-1

.0
2

0.
08

3
0.

88
0.

77
-1

.0
1

0.
06

6

n
58

43
36

18

H
ig

h 

D
eg

re
ec

21
5/

30
59

(7
.0

)
25

/2
77

4
(0

.9
)

2.
54

1.
90

-3
.4

0
<

0.
00

01
2.

52
1.

88
-3

.3
7

<
0.

00
01

39
/1

73
4

(2
.2

)
35

/1
88

1
(1

.9
)

1.
21

0.
77

-1
.9

2
0.

41
1

N
ot

 s
ig

 in
 f

in
al

 m
od

el

n
58

33
36

15

Sl
ee

p 
af

te
r w

or
ki

ng
 o

ve
rn

ig
ht

d
Sl

ee
p 

af
te

r w
or

ki
ng

 o
ve

rn
ig

ht
d

≤6
 h

>
6 

h
≤6

 h
>

6 
h

E
E

30
1/

19
88

(1
5.

1)
33

5/
38

60
(8

.7
)

1.
88

1.
59

-2
.2

2
<

0.
00

01
1.

88
1.

59
-2

.2
3

<
0.

00
01

89
/1

06
1

(8
.4

)
14

1/
25

62
(5

.5
)

1.
57

1.
19

-2
.0

7
0.

00
1

1.
53

1.
16

-2
.0

2
0.

00
3

n
58

48
36

23

D
P

41
5/

19
74

(2
1.

0)
64

1/
38

45
16

.7
)

1.
33

1.
16

-1
.5

3
<

0.
00

01
1.

34
1.

17
-1

.5
4

<
0.

00
01

15
0/

10
56

(1
4.

2)
33

8/
25

51
(1

3.
2)

1.
08

0.
88

-1
.3

3
0.

44
6

N
ot

 s
ig

 in
 f

in
al

 m
od

el

n
58

19
36

07

PA
80

7/
19

78
(4

0.
8)

14
27

/3
84

8
(3

7.
1)

1.
17

1.
05

-1
.3

1
0.

00
6

1.
15

1.
03

-1
.2

9
0.

01
3

38
0/

10
57

(3
6.

0)
88

6/
25

51
(3

4.
7)

1.
06

0.
91

-1
.2

3
0.

48
5

N
ot

 s
ig

 in
 f

in
al

 m
od

el

n
58

26
36

08

H
ig

h 

D
eg

re
ec

11
3/

19
73

(5
.7

)
12

6/
38

43
(3

.3
)

1.
79

1.
38

-2
.3

2
<

0.
00

01
1.

78
1.

37
-2

.3
1

<
0.

00
01

20
/1

05
6

(1
.9

)
55

/2
54

9
(2

.2
)

0.
88

0.
52

-1
.4

7
0.

61
4

N
ot

 s
ig

 in
 f

in
al

 m
od

el

n
58

16
36

05

Sl
ee

p 
w

he
n 

w
or

ki
ng

 a
 d

ay
 s

hi
ft

d
Sl

ee
p 

w
he

n 
w

or
ki

ng
 a

 d
ay

 s
hi

ft
d

J Sleep Res. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wolkow et al. Page 21

B
ur

no
ut

 

O
ut

co
m

ea , 

nb

H
ig

h 
B

ur
no

ut
 O

ut
co

m
e 

in
 A

ll 
pa

rt
ic

ip
an

ts
 w

it
h 

Sh
or

t 
Sl

ee
p 

N
o.

/N
o.

 
to

ta
l (

%
)

U
na

dj
us

te
d

A
dj

us
te

de
H

ig
h 

B
ur

no
ut

 O
ut

co
m

e 
in

 L
ow

-r
is

k 
sl

ee
p 

di
so

rd
er

 p
ar

tic
ip

an
ts

 w
it

h 
Sh

or
t 

Sl
ee

p 
N

o.
/N

o.
 t

ot
al

 (
%

)

U
na

dj
us

te
d

A
dj

us
te

de

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

≤6
 h

>
6 

h
≤6

 h
>

6 
h

E
E

21
3/

13
29

(1
6.

0)
15

0/
16

24
(9

.2
)

1.
88

1.
50

-2
.3

4
<

0.
00

01
1.

96
1.

56
-2

.4
7

<
0.

00
01

65
/7

16
(9

.1
)

66
/1

10
1

(6
.0

1.
57

1.
10

-2
.2

4
0.

01
4

1.
68

1.
17

-2
.4

2
0.

00
5

n
29

53
18

17

D
P

25
6/

13
20

(1
9.

4)
22

2/
16

16
(1

3.
7)

1.
51

1.
24

-1
.8

4
<

0.
00

01
1.

51
1.

24
-1

.8
4

<
0.

00
01

91
/7

08
(1

2.
9)

11
8/

10
96

(1
0.

8)
1.

22
0.

91
-1

.6
4

0.
17

7
N

ot
 s

ig
 in

 f
in

al
 m

od
el

n
29

36
18

04

PA
49

6/
13

22
(3

7.
5)

62
0/

16
20

(3
8.

3)
0.

97
0.

83
-1

.1
3

0.
67

6
N

ot
 s

ig
 in

 f
in

al
 m

od
el

24
2/

71
0

(3
4.

1)
40

8/
10

98
(3

7.
2)

0.
87

0.
72

-1
.0

7
0.

18
4

N
ot

 s
ig

 in
 f

in
al

 m
od

el

n
29

42
18

08

H
ig

h 

D
eg

re
ec

58
/1

32
0

(4
.4

)
42

/1
61

5
(2

.6
)

1.
72

1.
15

-2
.5

8
0.

00
8

1.
72

1.
15

-2
.5

8
0.

00
8

13
/7

08
(1

.8
)

19
/1

09
6

(1
.7

)
1.

06
0.

52
-2

.1
6

0.
87

2
N

ot
 s

ig
 in

 f
in

al
 m

od
el

n
29

35
18

04

Sl
ee

p 
fo

llo
w

in
g 

≥2
 d

ay
s 

of
fd

Sl
ee

p 
fo

llo
w

in
g 

≥2
 d

ay
s 

of
fd

≤6
 h

>
6 

h
≤6

 h
>

6 
h

E
E

16
7/

10
86

(1
5.

4)
47

6/
45

30
(1

0.
5)

1.
55

1.
28

-1
.8

7
<

0.
00

01
1.

56
1.

29
-1

.9
0

<
0.

00
01

43
/5

67
(7

.6
)

18
9/

28
92

(6
.5

)
1.

17
0.

83
-1

.6
6

0.
36

2
N

ot
 s

ig
 in

 f
in

al
 m

od
el

n
56

16
34

59

D
P

21
4/

10
81

(1
9.

8)
78

7/
45

06
(1

7.
5)

1.
17

0.
99

-1
.3

8
0.

07
3

1.
19

1.
00

-1
.4

1
0.

04
4

73
/5

63
(1

3.
0)

38
5/

28
75

(1
3.

4)
0.

96
0.

74
-1

.2
6

0.
78

6
N

ot
 s

ig
 in

 f
in

al
 m

od
el

n
55

87
34

38

PA
43

1/
10

82
(3

9.
8)

16
61

/4
51

3
(3

6.
8)

1.
14

0.
99

-1
.3

0
0.

06
5

1.
12

0.
98

-1
.2

9
0.

09
7

20
6/

56
4

(3
6.

5)
97

6/
28

79
(3

3.
9)

1.
12

0.
93

-1
.3

5
0.

23
0

N
ot

 s
ig

 in
 f

in
al

 m
od

el

n
55

95
34

43

H
ig

h 

D
eg

re
ec

53
/1

08
1

(4
.9

)
16

9/
45

04
(3

.8
)

1.
32

0.
96

-1
.8

1
0.

08
3

1.
34

0.
98

-1
.8

5
0.

06
9

10
/5

63
(1

.8
)

60
/2

87
4

(2
.1

)
0.

85
0.

43
-1

.6
7

0.
63

3
N

ot
 s

ig
 in

 f
in

al
 m

od
el

n
55

85
34

37

E
E

, e
m

ot
io

na
l e

xh
au

st
io

n;
 D

P,
 d

ep
er

so
na

lis
at

io
n;

 P
A

, p
er

so
na

l a
cc

om
pl

is
hm

en
t; 

O
R

, O
dd

s 
ra

tio
; C

I,
 C

on
fi

de
nc

e 
in

te
rv

al
; n

, n
um

be
r.

a H
ig

h 
vs

. l
ow

 to
 m

od
er

at
e 

sc
or

e 
on

 b
ur

no
ut

 d
im

en
si

on
.

b T
he

 n
 p

re
se

nt
ed

 r
ep

re
se

nt
s 

th
e 

sa
m

pl
e 

fo
r 

U
na

dj
us

te
d 

an
al

ys
es

. T
he

 n
 f

or
 A

dj
us

te
d 

an
al

ys
es

 a
re

 in
 T

ab
le

 S
.6

.

c hi
gh

 E
E

, h
ig

h 
D

P,
 w

ith
 lo

w
 P

A
.

d M
is

si
ng

 o
r 

no
t k

no
w

n 
ou

tc
om

es
 n

ot
 in

cl
ud

ed
.

J Sleep Res. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wolkow et al. Page 22
e A

dj
us

te
d 

fo
r 

ag
e,

 g
en

de
r, 

bo
dy

 m
as

s 
in

de
x,

 c
ig

ar
et

te
 s

m
ok

in
g,

 a
lc

oh
ol

 c
on

su
m

pt
io

n,
 s

ec
on

d 
jo

b 
an

d 
m

ea
n 

w
ee

kl
y 

w
or

k 
ho

ur
s.

 V
ar

ia
bl

es
 in

cl
ud

ed
 in

 e
ac

h 
m

od
el

 a
re

 in
 T

ab
le

 S
.6

.

J Sleep Res. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wolkow et al. Page 23

Ta
b

le
 4

.

H
ig

h 
bu

rn
ou

t a
ss

oc
ia

te
d 

w
ith

 a
 s

le
ep

 d
ef

ic
it 

an
d 

da
yt

im
e 

sl
ee

pi
ne

ss
 in

 A
ll 

pa
rt

ic
ip

an
ts

 (
n=

6,
30

7)
 a

nd
 p

ar
tic

ip
an

ts
 w

ho
 d

id
 n

ot
 s

cr
ee

n 
po

si
tiv

e 
fo

r 
a 

sl
ee

p 

di
so

rd
er

 (
L

ow
-r

is
k 

sl
ee

p 
di

so
rd

er
 p

ar
tic

ip
an

ts
; n

=
3,

90
9)

B
ur

no
ut

 

O
ut

co
m

ea , 

nb

H
ig

h 
B

ur
no

ut
 O

ut
co

m
e 

in
 A

ll 
pa

rt
ic

ip
an

ts
 w

it
h 

Sl
ee

p 
D

ef
ic

it
 a

nd
 

Sl
ee

pi
ne

ss
 N

o.
/N

o.
 t

ot
al

 (
%

)

U
na

dj
us

te
d

A
dj

us
te

da
H

ig
h 

B
ur

no
ut

 O
ut

co
m

e 
in

 L
ow

-
ri

sk
 s

le
ep

 d
is

or
de

r 
pa

rt
ic

ip
an

ts
 w

it
h 

Sl
ee

p 
D

ef
ic

it
 a

nd
 S

le
ep

in
es

s 
N

o.
/N

o.
 t

ot
al

 (
%

)

U
na

dj
us

te
d

A
dj

us
te

de

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

Sl
ee

p 
af

te
r 

ov
er

ni
gh

t w
or

k 
m

in
us

 s
le

ep
 

re
qu

ir
ed

 to
 f

ee
l w

el
l r

es
te

dd
Sl

ee
p 

af
te

r 
ov

er
ni

gh
t w

or
k 

m
in

us
 

sl
ee

p 
re

qu
ir

ed
 to

 f
ee

l w
el

l r
es

te
dd

≤±
45

 m
in

s
>

±
45

 m
in

s
≤±

45
 m

in
s

>
±

45
 m

in
s

E
E

35
1/

 2
35

1
(1

4.
9)

28
0/

 3
47

9
(8

.0
)

2.
00

1.
70

-2
.3

7
<

0.
00

01
2.

00
1.

67
-2

.3
8

<
0.

00
01

12
0/

 
12

74
(9

.4
)

10
8/

23
36

(4
.6

)
2.

15
1.

64
-2

.8
1

<
0.

00
01

2.
09

1.
59

-2
.7

4
<

0.
00

01

n
58

30
36

10

D
P

50
8/

 2
33

8
(2

1.
7)

54
4/

 3
46

3
(1

5.
7)

1.
49

1.
30

-1
.7

0
<

0.
00

01
1.

48
1.

29
-1

.6
9

<
0.

00
01

20
0/

 
12

70
(1

5.
7)

28
8/

23
24

(1
2.

4)
1.

32
1.

09
-1

.6
1

0.
00

5
1.

29
1.

06
-1

.5
7

0.
01

1

n
58

01
35

94

PA
96

5/
 2

34
1

(4
1.

2)
12

61
/3

46
7

(3
6.

4)
1.

23
1.

10
-1

.3
7

<
0.

00
01

1.
23

1.
10

-1
.3

7
<

0.
00

01
47

2/
 

12
70

(3
7.

2)
78

7/
23

25
(3

3.
8)

1.
16

1.
00

-1
.3

3
0.

04
6

1.
17

1.
01

-1
.3

5
0.

03
6

n
58

08
35

95

H
ig

h 

D
eg

re
ec

14
1/

 2
33

7
(6

.0
)

97
/ 3

46
1

(2
.8

)
2.

23
1.

71
-2

.9
0

<
0.

00
01

2.
22

1.
71

-2
.8

9
<

0.
00

01
37

/ 
12

70
(2

.9
)

38
/ 2

32
2

(1
.6

)
1.

80
1.

14
-2

.8
5

0.
01

2
1.

77
1.

11
-2

.8
1

0.
01

7

n
57

98
35

92

D
ay

tim
e 

Sl
ee

pi
ne

ss
d

D
ay

tim
e 

Sl
ee

pi
ne

ss
d

<
11

 E
pw

or
th

 
Sl

ee
pi

ne
ss

 S
ca

le
≥1

1 
E

pw
or

th
 

Sl
ee

pi
ne

ss
 S

ca
le

<
11

 E
pw

or
th

 
Sl

ee
pi

ne
ss

 
Sc

al
e

≥1
1 

E
pw

or
th

 
Sl

ee
pi

ne
ss

 S
ca

le

E
E

34
3/

 4
23

5
(8

.1
)

35
6/

 1
92

1
(1

8.
5)

2.
58

2.
20

-3
.0

3
<

0.
00

01
2.

53
2.

15
-2

.9
8

<
0.

00
01

15
7/

 
29

57
(5

.3
)

99
/ 8

58
(1

1.
5)

2.
33

1.
79

-3
.0

3
<

0.
00

01
2.

32
1.

77
-3

.0
3

<
0.

00
01

n
61

56
38

15

D
P

59
8/

 4
21

2
(1

4.
2)

49
2/

 1
90

5
(2

5.
8)

2.
10

1.
84

-2
.4

1
<

0.
00

01
2.

08
1.

82
-2

.3
8

<
0.

00
01

35
0/

 
29

38
(1

1.
9)

16
1/

85
0

(1
8.

9)
1.

73
1.

41
-2

.1
2

<
0.

00
01

1.
65

1.
34

-2
.0

3
<

0.
00

01

n
61

17
37

88

PA
15

49
/4

21
9

(3
6.

7)
78

8/
 1

91
0

(4
1.

3)
1.

21
1.

08
-1

.3
5

0.
00

1
1.

20
1.

08
-1

.3
5

0.
00

1
10

01
/ 

29
43

(3
4.

0)
32

9/
85

1
(3

8.
7)

1.
22

1.
04

-1
.4

3
0.

01
2

1.
25

1.
07

-1
.4

7
0.

00
6

J Sleep Res. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wolkow et al. Page 24

B
ur

no
ut

 

O
ut

co
m

ea , 

nb

H
ig

h 
B

ur
no

ut
 O

ut
co

m
e 

in
 A

ll 
pa

rt
ic

ip
an

ts
 w

it
h 

Sl
ee

p 
D

ef
ic

it
 a

nd
 

Sl
ee

pi
ne

ss
 N

o.
/N

o.
 t

ot
al

 (
%

)

U
na

dj
us

te
d

A
dj

us
te

da
H

ig
h 

B
ur

no
ut

 O
ut

co
m

e 
in

 L
ow

-
ri

sk
 s

le
ep

 d
is

or
de

r 
pa

rt
ic

ip
an

ts
 w

it
h 

Sl
ee

p 
D

ef
ic

it
 a

nd
 S

le
ep

in
es

s 
N

o.
/N

o.
 t

ot
al

 (
%

)

U
na

dj
us

te
d

A
dj

us
te

de

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

O
R

95
%

 C
I

P
 V

al
ue

n
61

29
37

94

H
ig

h 

D
eg

re
ec

11
5/

42
09

(2
.7

)
13

1/
 1

90
5

(6
.9

)
2.

63
2.

03
-3

.4
0

<
0.

00
01

2.
63

2.
03

-3
.4

0
<

0.
00

01
54

/ 
29

36
(1

.8
)

24
/ 8

50
(2

.8
)

1.
55

0.
95

-2
.5

2
0.

07
7

1.
49

0.
91

-2
.4

6
0.

11
6

n
61

14
37

86

E
E

, e
m

ot
io

na
l e

xh
au

st
io

n;
 D

P,
 d

ep
er

so
na

lis
at

io
n;

 P
A

, p
er

so
na

l a
cc

om
pl

is
hm

en
t; 

O
R

, O
dd

s 
ra

tio
; C

I,
 C

on
fi

de
nc

e 
in

te
rv

al
; n

, n
um

be
r.

a H
ig

h 
vs

. l
ow

 to
 m

od
er

at
e 

sc
or

e 
on

 b
ur

no
ut

 d
im

en
si

on
 o

r 
a 

hi
gh

 d
eg

re
e 

of
 b

ur
no

ut
.

b T
he

 n
 p

re
se

nt
ed

 r
ep

re
se

nt
s 

th
e 

sa
m

pl
e 

fo
r 

U
na

dj
us

te
d 

an
al

ys
es

. T
he

 n
 f

or
 A

dj
us

te
d 

an
al

ys
es

 a
re

 in
 T

ab
le

 S
.8

.

c hi
gh

 E
E

, h
ig

h 
D

P,
 w

ith
 lo

w
 P

A
.

d M
is

si
ng

 o
r 

no
t k

no
w

n 
ou

tc
om

es
 n

ot
 in

cl
ud

ed
.

e A
dj

us
te

d 
fo

r 
ag

e,
 g

en
de

r, 
bo

dy
 m

as
s 

in
de

x,
 c

ig
ar

et
te

 s
m

ok
in

g,
 a

lc
oh

ol
 c

on
su

m
pt

io
n,

 s
ec

on
d 

jo
b 

an
d 

m
ea

n 
w

ee
kl

y 
w

or
k 

ho
ur

s.
 V

ar
ia

bl
es

 in
cl

ud
ed

 in
 e

ac
h 

m
od

el
 a

re
 in

 T
ab

le
 S

.8
.

J Sleep Res. Author manuscript; available in PMC 2020 December 01.


	Summary
	Introduction
	Methods
	Statistical Analysis

	Results
	Sleep disorders and burnout
	Mental health and burnout
	Sleep, sleepiness, sleep deficit and burnout
	Mediators of burnout

	Discussion
	References
	Fig 1.
	Table 1.
	Table 2a.
	Table 2b.
	Table 3.
	Table 4.

