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Summary

The objective of the study was to determine if sleep disorder, depression, or anxiety screening
status was associated with safety outcomes in a diverse population of hospital workers. A sample
of shift workers at four hospitals participated in a prospective cohort study. Participants were
screened for five sleep disorders, depression, and anxiety at baseline, then completed prospective
monthly surveys for the next six months to capture motor vehicle crashes, near-miss crashes,
occupational exposures, and medical errors. We tested the associations between sleep disorders,
depression and anxiety and adverse safety outcomes using incidence rate ratios adjusted for
potentially confounding factors in a multivariable negative binomial regression model. Of the 416
hospital workers who participated, two in five (40.9%) screened positive for a sleep disorder and
21.6% screened positive for depression or anxiety. After multivariable adjustment, screening
positive for a sleep disorder was associated with 83% increased incidence of adverse safety
outcomes. Screening positive for depression or anxiety increased risk by 63%. Sleep disorders and
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mood disorders were independently associated with adverse outcomes and contributed additively
to risk. Our findings suggest that screening for sleep disorders and mental health screening can
help identify individuals who are vulnerable to adverse safety outcomes. Future research should
evaluate sleep and mental health screening, evaluation, and treatment programs that may improve
safety.

Keywords
Sleep Wake Disorders; Mental Health; Occupational Safety

Introduction

Sleep disorders are common, highly treatable conditions that often persist untreated despite
their deleterious health and safety effects. Untreated sleep disorders diminish alertness and
exert deleterious effects on cognitive and psychomotor performance,(Pilcher and Huffcutt,
1996, Harrison and Horne, 2000) contributing to accidents, errors, injuries, absenteeism, and
decreased workplace productivity (Kessler et al., 2011, Young et al., 1997a, Ohayon et al.,
2002, Barger et al., 2015, Rajaratnam et al., 2011). Sleep disorders are often comorbid with
depression and anxiety (Krystal, 2012). Nearly 30% of resident physicians and 20% of
hospital-based nurses suffer from depression, a rate 2—-3 fold higher than the general public
(Mata et al., 2015, Letvak et al., 2012). Sleep disorders are likely important risk factors for
occupational and patient safety in the hospital setting, but there are few studies to inform this
issue. Concurrently, the mental health of caregivers is understudied and may impact both
patient and provider safety (Croskerry et al., 2010).

While most research on occupational safety of health care professionals has focused within
the work place setting, the commute to and from the work place also represents a potential
source of safety hazard. For example, police officers who screened positive for a sleep
disorder are nearly 5 times more likely to fall asleep while driving after work (Rajaratnam et
al., 2011). Those officers are also more likely to report administrative errors, safety
violations, express uncontrolled anger or incur citizen complaints, and miss work. Similarly,
firefighters who screened positive for a sleep disorder are more than twice as likely to fall
asleep while driving and twice as likely to sustain a motor vehicle crash. Although sleep
disorders have been associated with adverse health and safety outcomes in male-dominated
first responder and long-haul trucking occupations, there have been few efforts to investigate
their implications in more diverse occupational groups such as healthcare. Healthcare
support personnel and healthcare practitioners represent two of the five occupational groups
with the highest prevalence of short sleep duration (Shockey and Wheaton, 2017).

In 2015, hospitals reported an occupational injury and illness rate of 6.0 per 100 full-time
equivalent workers, over 80% higher than the national average (BLS, 2015). Hospital staff is
comprised of a wide variety of occupations with different tasks, responsibilities, and
schedule practices, presenting a broad array of safety concerns. The purpose of this study
was to determine if sleep disorders, depression, or anxiety screening status would be
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associated with safety outcomes in a diverse, heterogeneous healthcare workforce with
varying occupational risk factors.

Study Design

We enrolled healthcare shift workers at four academic hospitals in a prospective cohort
study. Eligibility criteria required the participant be a healthcare worker who fit at least one
of the following four criteria: Routinely 1) Work between 10pm and 6am, 2) Start work prior
to 7:30am, 3) Work more than 10 hours each shift, or 4) Work more than 45 hours each
week. These inclusion criteria were designed to capture all hospital workers who worked
outside of regular daylight hours. To facilitate enrollment and promote awareness of the
study, we maintained a physical presence in heavily trafficked areas of the hospitals and
used email recruitment, in-hospital television advertisements, study flyers, and online
advertisements. Incentives for survey completion varied by hospital and included cafeteria
vouchers or entry in a lottery to win a financial incentive.

After providing consent, participants completed a baseline demographic survey and
validated sleep disorder and anxiety/depression screening. Participants who screened
positive for a sleep disorder were notified and advised to follow-up with their primary care
physician or seek evaluation by a sleep medicine physician. Participants who completed the
baseline survey were emailed a follow-up survey each month for the next six months. Data
on work schedules, sleep habits, and safety outcomes were collected on monthly surveys.
Two reminders were sent to encourage participation in the monthly surveys.

The baseline survey also collected age, sex, height, weight, medical history, job category,
full vs. part-time worker status, the average hours of work in a typical week, and whether or
not the participant drove a vehicle to commute to work. Participants reported the frequency
they worked shifts of varying duration each month. We calculated the cumulative frequency
over the study interval for each shift length category. The Epworth Sleepiness Scale (ESS)
was administered to describe the prevalence of excessive daytime sleepiness in the sample.
An ESS >10 was considered positive for excessive daytime sleepiness.

Sleep Disorders

The baseline survey screened for sleep disorders using reliable and valid instruments.
Obstructive Sleep Apnea (OSA) was assessed using the Multivariable Apnea Risk Index
(MAP) (Maislin et al., 1995). The MAP combines sleep apnea symptoms with demographic
risk factors in a prediction model to estimate risk of sleep apnea. We implemented the
multivariable approach with cutpoint of 0.436 on the MAP to indicate risk for sleep apnea,
similar to previous work, which estimated 81% sensitivity and 73% specificity for detection
of moderate-severe OSA (Gurubhagavatula et al., 2004). Insomnia was assessed using a
combined, two-questionnaire approach. Participants who scored =8 on the Insomnia Severity
Index (I1SI)(7 items, a=0.89) and reported symptoms occurring at least 1-2 times per week
for more than 4 weeks on the Insomnia Symptom Questionnaire (ISQ) were considered to
have a positive insomnia screening result. This combined approach was intended to utilize
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the high sensitivity of the I1SI (=8 was 100% sensitive in a validation study) and the high
specificity of the ISQ (>90%) (Gagnon et al., 2013, Okun et al., 2009). The four-item
Restless Legs Syndrome Epidemiology, Symptoms, and Treatment questionnaire was used
to identify Restless Legs Syndrome (RLS) (Hening et al., 2004). The RLS questionnaire is
estimated to be 82% sensitive and 90% specific for detection of RLS. We used a subset of
two items from a validated cataplexy questionnaire to identify symptoms of cataplexy, which
were described as episodes of muscle weakness in the legs or buckling of the knees when
you tell or hear or joke, or when you laugh (Anic-Labat et al., 1999). Cataplexy with MAP
responses of “frequently” or “always” falling asleep at work, “frequently” or “always”
feeling excessive sleepiness, or an Epworth Sleepiness Scale score >10 was used to classify
risk of narcolepsy.

Shift Work Disorder (SWD) was defined as the presence of excessive wake-time sleepiness
and insomnia in participants when routinely working night shifts and absence of those
symptoms when working day shifts. A set of rules was applied to determine the presence of
Behaviorally-Induced Insufficient Sleep Syndrome (BISS): (1) hours of sleep reported to be
6 hours or less on work days and 7 hours or more on non-work days; (2) time in bed
reported to be 6.5 hours or less on work days and 7.5 hours or more on non-work days; (3)
the respondent’s Epworth Sleepiness Scale score of at least 10; and (4) negative screening
for both OSA and SWD.

Anxiety and depressive symptom assessment

The four-item Patient Health Questionnaire for Depression and Anxiety was used to screen
for depression and anxiety (PHQ-4) (Kroenke et al., 2009). The PHQ-4 is considered to be
reliable and valid for brief assessment of mood and anxiety disorders in the general
population (Lowe et al., 2010). Cronbach’s alpha for the PHQ-4 in the study sample was
0.83.

Safety outcomes

Adverse safety outcomes of interest included motor vehicle crashes (MVC), near-miss

MV Cs, exposures to potentially infectious materials (occupational exposures), and medical
errors. Participants were asked, “In the last month, did you have any motor vehicle accidents
or crashes (actual collisions) in which you were driving,” and “In the last month, did you
have any near miss motor vehicle accidents or crashes (harrowly avoided property damage
or bodily harm) in which you were driving”. The occupational exposure question asked
specifically, “In the last month, did you personally have an occupational exposure to
potentially contaminated blood or other body fluid”. Participants were asked to report the
number of significant medical errors. In order to capture medical errors, participants were
asked “In the last month, do you believe sleep deprivation or fatigue caused you to make a
significant medical error (whether or not an adverse patient outcome occurred)” and “In the
last month, do you believe you made any significant medical errors other than due to sleep
deprivation or fatigue”. Response options for each safety outcome were yes or no.
Participants who responded yes were then asked to provide the number of times that each
outcome occurred during the month. All medical errors reported during the month were
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summed together for hypothesis testing. Each monthly survey assessed all the outcomes and
referenced that month.

Statistical Approach

For each participant, all adverse safety outcomes reported were summed to calculate the
total number of events per person. The total number of events was divided by the number of
months of completed surveys, then multiplied by twelve and expressed as the rate of adverse
safety outcomes per year.

The central tendency and distribution of continuous variables was assessed. Continuous
variables of interest were all non-normal, therefore the median and interquartile range are
reported. Counts and proportions are reported for dichotomous variables.

Differences in demographic characteristics are reported as a function of whether participants
screened positive for sleep disorders; statistical significance was evaluated using chi-squared
tests for categorical variables and rank-sum tests for non-normal continuous variables.
Fisher’s exact test was applied for comparisons with small cell sizes. Differences in the rate
of safety outcomes across groups were examined using univariable negative binomial
regression models, with the number of completed monthly surveys included as an offset to
model the rate. We also present the absolute risk difference.

We tested the association between sleep disorder screening and safety outcomes using a
multivariable negative binomial regression model. The negative binomial model was
selected over a Poisson model due to overdispersion; a Vuong test indicated that a negative
binomial model was preferred over a zero-inflated alternative. We compared other potential
model specifications using observed vs. predicted plots, Bayesian information criterion, and
Akaike information criterion. The number of completed monthly surveys was included as an
offset to model the rate of events per month. Within-cluster correlation at the hospital level
was accounted for using a robust variance estimator. Covariates of interest that were deemed
to have biological relevance were identified a prioriand controlled for in the modeling. The
multivariable negative binomial model included age, sex, employment status, weekly work
hours, frequency of shifts >12 hours, depression, and anxiety, in addition to sleep disorder
screening status. Collinearity was assessed using variance inflation factors. We examined the
interaction between sleep disorder and depression or anxiety screening status. We conducted
sensitivity analyses to determine if our results would be different if the sample were limited
to full-time employees, and also with the exclusion of participants who screened positive for
narcolepsy.

Statistical analysis was conducted using Stata/MP Version 12.1 (College Station, TX). Type
I error was set at 0.05 for all comparisons, and two-tailed tests were used.

Ethical Review

The research protocol was reviewed and approved by the Partners Healthcare, St. Luke’s
Hospital, Stanford University, University of Wisconsin-Madison and University of
Pennsylvania Institutional Review Boards.
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Study Sample

A total of 439 participants were enrolled and completed at least one monthly survey.
Twenty-three participants were excluded for missing sleep disorder data. The analysis
includes 416 participants and 1,367 person-months. Participants completed a median of 3
surveys (IQR 2-5).

Most participants were female (87.7%) full-time (80.8%) nursing staff (64.7%) (Table 1).
Over 95% of the sample (n=399) reported a predominately clinical role. Of 37 total
physicians in the sample, 22 were residents, five fellows and ten attending physicians.
Resident physicians worked a median of 2.6 shifts per month lasting longer than 24 hours
(IQR 0.7-4.0), and 3.9 shifts per month of at least 12 hours (IQR 2.57.3). Shifts >12 hours
were uncommon for other job roles (median 0.6, IQR 0-3.3). The majority of the sample as
a whole worked 8-12 hour shifts (83.4%) and accumulated a median of 36 hours of work
each week.

Nearly ¥, of the study sample (n=96, 23.1%) reported excessive daytime sleepiness (>10 on
the Epworth Sleepiness Scale); seventy participants (16.8%) had previously been diagnosed
with a sleep disorder and 6.0% (n=25) were receiving treatment for a sleep disorder at study
baseline.

Sleep Disorders and Anxiety and Depressive Symptoms

Two in every five participants screened positive for at least one sleep disorder (40.9%)
(Figure 1). Insomnia was most common (20.0%), followed by obstructive sleep apnea
(9.4%), restless legs syndrome (9.4%), and shift work disorder (8.4%). Eight participants
screened positive for behaviorally-induced insufficient sleep syndrome (1.9%), as did five
participants for possible narcolepsy (1.2%). One in five screened positive for increased
symptoms of depression or anxiety, and the proportion with depression or anxiety was
higher in the sleep disorder group (Table 1). Increased age and BMI were also associated
with sleep disorder screening status. Among those who screened positive for a sleep
disorder, 88% were previously undiagnosed and untreated, and 19% screened positive for
multiple sleep disorders.

Adverse Safety Outcomes

Approximately 5% of the sample (n=23) reported a single motor vehicle crash. There were
an additional 200 near-miss MVCs reported by 94 participants, 66 occupational exposures
reported by 36 participants, and 62 medical errors reported by 30 participants. Participants
attributed ¥ of the medical errors to sleep deprivation or fatigue (n=46). There were no
reports of adverse patient outcomes resulting from the errors.

Hypothesis Testing

The incidence of safety outcomes was significantly higher in the group who screened
positive for a sleep disorder (p=0.001, Table 1). Increased symptoms of depression or
anxiety had an independent additive effect (Figure 2). Screening positive for a sleep disorder
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was associated with an 83% increase in incidence of adverse safety outcomes after
multivariable adjustment, while anxiety or depressive symptoms increased the incidence of
adverse outcomes by 63% (Table 2). There was no significant interaction between sleep
disorder screening result and anxiety or depressive symptoms. Individuals who screened
positive for a sleep disorder and also reported anxiety or depressive symptoms had a three-
fold increase in the rate of adverse safety outcomes after adjustment for confounding
variables (IRR 2.97, 95% CI 2.12-4.16). The results were similar when we restricted the
sample to full-time employees. Exclusion of participants who screened positive for
narcolepsy did not alter the findings. Secondary analyses which examined the adjusted
association between sleep disorder screening status and the individual safety outcomes of
interest found that positive sleep disorder screening was associated with an increased risk of
medical error (IRR 2.24, 95% CI 1.42-3.55) and near-miss MVC (IRR 2.47, 95% CI 1.62—
3.47) (Figure 3).

Discussion

Even in a healthcare setting with an average of less than 40 weekly work hours and few
shifts >12 hours, sleep disorders are highly prevalent. A positive result on a sleep disorder
screening questionnaire is associated with nearly twice the incidence of adverse safety
outcomes over the subsequent 6 months. Symptoms of anxiety or depression independently
increase risk by nearly two-thirds. Individuals who screen positive for a sleep disorder who
also express symptoms of anxiety or depression are at three-fold increased risk.

Few patients experiencing sleep problems report these symptoms to their healthcare
providers. In our study population, 88% of those who screened positive for a sleep disorder
were previously undiagnosed and untreated. Absent structured screening, 80-90% of adults
in the general population who have OSA are not diagnosed or treated (Young et al., 1997b).
Proactive screening for sleep disorders among all members of an occupational group, many
of whom are asymptomatic, is rarely performed. However, occupational-based sleep disorder
screening programs have been tested in other safety-sensitive populations. We conducted
sleep disorder screening programs among police officers and firefighters, finding that nearly
2 in 5 participants screened positive for a sleep disorder in both settings (Barger et al., 2015,
Rajaratnam et al., 2011). The prevalence of positive sleep disorder screening in this
population of healthcare workers was 41%. Relative to prior efforts, this study sample
exhibited a higher prevalence of insomnia and lower prevalence of OSA. This study sample
was comprised of a higher proportion of female participants and lower average body mass
index compared to previous samples. These gender and anthropometric characteristics are
likely an underlying reason for the differences (Theorell-Hagléw et al.). While the
composition of individual sleep disorders has varied, the overall estimate of sleep disorder
prevalence has remained similar across diverse study samples.

We used the Insomnia Severity Index to screen for insomnia in our sample and found that
18.9% of nurses screened positive, similar to the 18% reported in a sample of 1,171
registered nurses who were administered the 9-item Patient Health Questionnaire (Letvak et
al., 2012). Our estimate is lower than the 54% prevalence of insomnia in a large sample of
nurses who were administered the Bergen Insomnia questionnaire (Eldevik et al., 2013). We
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also observed a lower prevalence of shift work disorder among nurses in our sample than has
been reported previously. Flo et al. detected shift work disorder in one in every three nurses
in their study sample, while only one in ten nurses in our sample screened positive (Flo et
al., 2012). We did not screen participants for this disorder unless they reported working night
shifts specifically, while findings from Flo et al. suggest that SWD is also common in other
non-standard scheduling paradigms. Our lower estimate may also reflect the modest
frequency of extended duration shifts and average weekly work hours, or the use of a
different shift work disorder instrument. Had we used a less conservative definition for shift
work disorder, our estimates would likely be similar to those observed previously. Despite
the relatively low prevalence of selected individual sleep disorders compared to other
studies, over 40% of our sample screened positive for at least one sleep disorder.

Symptoms of depression or anxiety were independent predictors of adverse safety outcomes
overall, and among healthcare workers who screened positive for a possible sleep disorder,
comorbid depression or anxiety was associated with a three-fold increase in risk. The
relationship between sleep disorders and mood disorders is complex. Sleep disturbance and
fatigue are two of the diagnostic criteria for depression in the Diagnostic and Statistical
Manual of Mental Disorders (American Psychiatric Association. and American Psychiatric
Association. DSM-5 Task Force., 2013). Treatment for sleep disorders has been shown to
reduce symptoms of depression and anxiety,(Edwards et al., 2015) and likewise, treatment
for depression can reduce symptoms of insomnia (Yon et al., 2014). Depression has
previously been associated with quality of care. Medical residents who met criteria for
depression were observed to commit over 6 times as many errors compared to non-depressed
residents (Fahrenkopf et al., 2008). A recent effort linked disturbed sleep and sleep loss in
the first few months of medical residency to the development of depression (Kalmbach et al.,
2017). Sleep deficiency and depressive status were also linked to elevated rates of perceived
major medical errors.

Sleep disorders and mental health screening identified individuals vulnerable to adverse
health and safety outcomes. Future efforts should seek to test the effectiveness of a hospital-
based sleep disorder and mental health screening program on objectively-measured clinical
or occupational safety outcomes. These efforts should collect data to report on the cost-
benefit of the intervention, as well as employee perceptions of the feasibility and
acceptability of the program. One insurance provider reported saving $4.9 million, $220 in
medical costs per member, after implementing an educational intervention to promote
treatment for sleep-disordered breathing (Potts et al., 2013). We previously evaluated the
number of injuries and the use of disability days in firefighters following the implementation
of an in-person sleep health education and sleep disorder screening program at a single fire
department. Firefighters who received the intervention were 24% less likely to file an injury
report during the study interval. The rate of injury/disability days was nearly twice as high
for the control group as compared to the intervention group (Sullivan et al., 2016). A health
risk management program deployed at 260 small businesses found that 22% of employees
reported depression, 45% reported less than 7 hrs of sleep per night on average, 20%
experienced chronic fatigue, and 18% suffered from chronic sleep problems (Newman et al.,
2015). Employer health and wellness programs should consider sleep disorders, depression,
and anxiety as important intertwined contributors to employee health and safety.

J Sleep Res. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Weaver et al. Page 9

Limitations

We defined exposed and unexposed groups at baseline with regards to sleep disorder
screening status and did not prospectively re-evaluate sleep disorder risk throughout the
course of the study. Data on whether those who screened positive sought evaluation,
received a diagnosis of a sleep, mood or anxiety disorder by a healthcare provider, or
received treatment were not collected. If those participants who screened positive
subsequently received treatment and experienced a reduction in symptoms and a decrease in
their risk, this would bias our results towards the null. Participants were immediately
notified of their screening results, but we believe it is unlikely that participants were able to
access the healthcare system, be evaluated, and receive treatment in the 6-month study
timeline. Future studies should evaluate safety outcomes associated with diagnosed sleep
disorders, including co-morbid sleep disorders, such as insomnia and SWD. Our definition
of SWD required excessive daytime sleepiness and insomnia symptoms during night shifts
and the absence of insomnia symptoms when working day shifts, which may have led to low
estimates of co-morbid insomnia and SWD.

The adverse safety outcomes were obtained through self-report, and we did not collect the
time of day that each of the outcomes occurred. While this approach to the collection of
adverse outcomes may be subject to social desirability bias, recall bias, and erroneous self-
observation, self-report is an established methodology that is commonly used and correlates
well with preventable adverse events (West et al., 2006, Weingart et al., 2001). Alternative
detection methods, such as trigger tools, direct observation, and retrospective chart review
have been shown to detect higher rates of medical errors compared to selfreport (Landrigan
et al., 2004, Classen et al., 2011, O’Neil et al., 1993). By using self-report, our estimates for
the medical error component of the composite outcome are likely to be conservative. We
have used the same data collection instrument in other settings (Barger et al., 2005,
Rajaratnam et al., 2011). In previous work we have asked participants to provide
documentation to corroborate the reports of motor vehicle crashes and percutaneous injuries.
Approximately 80% of reported events have been accompanied by detailed description
and/or supporting documentation. Some biases associated with selfreport may be more
pronounced among participants who screened positive for depression or anxiety. Individuals
with depression may differentially recall negative events and also interpret neutral events as
negative (Mathews and MacLeod, 2005). In the context of our study, individuals with
depression may have interpreted medical errors to be significant when an objective observer
would not have done so. It is possible that some of the association between depression or
anxiety screening status and adverse safety outcomes is explained by reporting bias.

The study inclusion criteria were designed to create a cohort of healthcare shift workers. We
believe our broad inclusion criteria enables these findings to be generalizable to hospital
workers who work outside of regular daylight hours, but these findings may not be
generalizable to other populations of interest. We chose to use a composite outcome because
of the diversity in occupations, demands, and risk factors across job roles in the hospital
setting. Our analysis may lack sufficient statistical power to examine the association
between sleep disorder screening status and the individual safety outcomes that make up the
composite outcome.
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Conclusions

Screening positive for a sleep disorder at baseline was associated with an increased
incidence of adverse safety outcomes over a 6-month period. Depression or anxiety
screening status was also associated with increased incidence of adverse safety outcomes.
Sleep disorders and mood disorders are independent risk factors and contribute additively to
risk. Sleep disorder and mental health screening can help identify individuals who are
vulnerable to accidents, injuries and workplace errors.
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FIGURE 1.
The proportion of the study sample that screened positive for each sleep disorder. OSA:

Obstructive Sleep Apnea RLS: Restless Legs Syndrome SWD: Shift Work Disorder BIISS:
Behaviorally-Induced Insufficient Sleep Syndrome
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FIGURE 2.

The incidence of adverse safety outcomes by sleep disorder and depression or anxiety

screening status.
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FIGURE 3.
The association between sleep disorder screening status and individual adverse safety

outcomes of interest.
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Characteristics of the study sample overall and by sleep disorder status.

Page 16

Did Not Screen Positiven=246  Screened Positive n=170

Overall n=416

p-value

Age (median, IQR)
Missing
Sex
Female
Male
Missing
BMI (median, IQR)
Missing
Depression or anxiety
Depression
Anxiety
Full-time employee
Occupational Group
Attending Physician
Resident Physician or Fellow
Nurse
Allied Health Professional
Other
Weekly hours of work (median, IQR)
Nightly hours of sleep (median, IQR)
Shifts per Week >12 hours
<15
215

33.2 (27.4-46.3)
5 (2.0%)

216 (87.8%)
27 (11.0%)

3 (1.2%)
25.1 (22.6-28.4)
8 (3.3%)

32 (13.0%)

9 (3.7%)

29 (11.8%)
201 (81.7%)

8 (3.3%)

20 (8.1%)
175 (71.1%)
31 (12.6%)

12 (4.9%)

36.6 (30.0-43.5)
7.1(6.4-7.8)

208 (84.6%)
38 (15.5%)

Frequency of overnight shifts in the past month

Nearly every day

2-4 times per week

3-4 times per month

1-2 times per month

Never or nearly never
Drives to work
Hospital

A

B

C

D

Months of participation (median, IQR)

Safety outcomes per year
Motor vehicle crashes

Near-miss MVC

J Sleep Res. Author manuscript; available in PMC 2019 December 01.

102 (41.5%)
40 (16.3%)
34 (13.8%)
59 (24.0%)
11 (4.5%)
210 (85.4%)

46 (18.7%)
79 (32.1%)
42 (17.1%)
79 (32.1%)
3 (2-5)
2.30
0.18
112

38 (29.6-50.7)
8 (4.7%)

149 (87.7%)
21 (12.4%)

0 (0.0%)
27.4(23.0-33.1)
8 (4.7%)

58 (34.1%)
38 (22.4%)
43 (25.3%)
135 (79.4%)

2 (1.2%)

7 (4.1%)
120 (70.6%)
29 (17.1%)

12 (7.1%)

36.0 (27.0-41.5)
6.8 (6.1-7.2)

142 (83.5%)
28 (16.5%)

63 (37.3%)
26 (15.4%)
21 (12.4%)
47 (27.8%)
12 (7.1%)
149 (87.7%)

27 (15.9%)
65 (38.2%)
23 (13.5%)
55 (32.4%)
3 (2-5)
413
0.23
261

35.5 (28.3-48.6)

9 (2.2%)

365 (87.7%)
48 (11.5%)
3(0.7%)

25.7 (22.7-30.0)

16 (3.9%)
90 (21.6%)
47 (11.3%)
72 (17.3%)
336 (80.8%)

10 (2.4%)
27 (6.5%)
295 (70.9%)
60 (14.4%)
24 (5.8%)

36.0 (30.0-42.9)

7.0 (6.3-7.6)

350 (84.1%)
66 (15.9%)

165 (39.8%)
66 (15.9%)
55 (13.3%)
106 (25.5%)
23 (5.5%)
359 (86.3%)

73 (17.6%)
144 (34.6%)
65 (15.6%)
134 (32.2%)
3(2-5)
3.08
0.20
1.76

0.70

0.01

<0.001

<0.001

<0.001
0.56

0.17

0.21
<0.001

0.14
0.001
0.62
<0.001
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Did Not Screen Positiven=246 Screened Positiven=170  Overall n=416  p-value
Occupational exposures 0.60 0.55 0.58 0.68
Medical errors 0.40 0.74 0.54 0.22
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TABLE 2

The association between sleep disorder screening status and the incidence of adverse safety outcomes.

Outcomes  Person-Months  adjusted® Incidence Rate Ratio (95% CI)  P-value

No Sleep Disorder 150 783 0.001
Any Sleep Disorder 201 584 1.83 (1.29-2.62) '
Neither Anxiety nor Depression 227 1079

<0.001
Anxiety or Depression 124 288 1.63 (1.58-1.69)

Notes: ClI, Confidence Interval.

a. Lo . . .
The negative binomial model also adjusted for age, sex, weekly work hours, frequency of shifts >12 hours, occupational role, and accounted for
clustering at the hospital-level. The model included 405 individuals and 1327 person-months with complete data for all covariates.
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