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eMethods.  
 
Questionnaire instruments 
 
Obstructive Sleep Apnea (OSA)  
The Berlin Questionnaire1 revised as a part of the Cleveland Sleep Habits Questionnaire 
(iONSLEEP LLC, Shaker Heights, OH),2 was used to screen participants for OSA. Positive 
screening for OSA based on the Berlin predicted a respiratory disturbance index (RDI) greater than 
5 with a sensitivity of 86% and a specificity of 77%.1 The Berlin Questionnaire assesses known risk 
factors and symptoms of OSA: snoring and pauses in breathing, daytime sleepiness, and history of 
high blood pressure and/or body mass index (BMI) greater than 30. Participants with scores ≥ 2 in 
at least two of the three symptom categories were deemed to have high pre-test probability for OSA, 
and categorized as positive for OSA. 
 
Insomnia 
The Athens Insomnia Scale3 was used to assess risk for insomnia. This self-administered 
psychometric instrument was developed to assess the severity of insomnia based on ICD-10 
diagnostic criteria. The instrument consists of eight items assessing sleep disturbance (difficulty 
with sleep induction, awakenings during the night, early morning awakening, total sleep time, and 
overall quality of sleep) and daytime consequences (problems with sense of well-being, functioning, 
and sleepiness during the day). These items are summed to create a final score; highest possible 
score is 24.When using a score of six or above to identify those at risk of insomnia, the scale has 
93% sensitivity and 85% specificity against ICD-10 diagnosis (90% overall correct case 
identification).4 For the present study, only moderate to severe cases were deemed to be positive for 
insomnia, defined by a score of 10 or above on the scale.  In order to differentiate insomnia from 
shift work disorder, where insomnia symptoms are associated with the work schedule, we required a 
score of 10 or above on the same scale when referencing “the most recent week during which you 
had a vacation (at least 3 consecutive days off).” 
 
Shift Work Disorder 
As there was no validated instrument available to screen for shift work disorder, one was developed 
for the purposes of the present study. The instrument was based on the International Classification 
of Sleep Disorders-2 (ICSD-2) diagnostic criteria for shift work disorder.5 We also assessed the risk 
of moderate to severe shift work disorder defined as a report of both insomnia and excessive wake 
time sleepiness that are temporally associated with a recurring work schedule that overlaps the usual 
sleep time. Participants who reported in the past month working three or more night shifts, defined 
as any 8- to 10-hour shifts between 10 pm and 8 am or any 12-hour shift between 7 pm and 9 am), 
were deemed to be night shift workers and were screened for shift work disorder.  
 
For the excessive sleepiness component of shift work disorder, we used a series of questions 
assessing the following: (i) difficulties with sleepiness while on a night shift schedule vs. while on 
vacation or days off (response choices none, mild, considerable or intense); (ii) likelihood of dozing 
off or falling asleep while driving after a night shift vs. while driving after at least two days off from 
work; and (iii) likelihood of dozing or falling asleep while at work during a night shift vs. during a 
day or evening shift (response choices would never doze, slight chance of dozing, moderate chance 
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of dozing or high chance of dozing).  To be deemed positive for excessive sleepiness associated 
with shift work participants were required to show a lower score for difficulties with sleepiness or 
likelihood of dozing during periods of night shift work compared to periods of vacation/days off or 
day/evening work in at least one of the three groups of questions.    
 
To assess the insomnia component of shift work disorder, we presented participants with two 
separate versions of the Athens Insomnia Scale3 to evaluate their experiences while attempting to 
sleep after night shift work and during periods of vacation or days off from work, respectively. To 
be deemed positive for the insomnia component of shift work disorder, participants were required to 
have a score of six or above for the insomnia scale during periods of night work and a score below 
six for the insomnia scale during periods of vacation or days off from work. 
 
Restless Legs Syndrome 
We used the questionnaire from the Restless Legs Syndrome Epidemiology, Symptoms, and 
Treatment (REST) program.6 The questionnaire comprises 10 items with diagnostic questions for 
restless legs syndrome and questions about the frequency and nature of restless legs syndrome 
symptoms and the degree of associated distress. In a study in primary care, the questionnaire 
showed sensitivity of 82.3% and  specificity of 89.9%.7 
 
Narcolepsy with cataplexy 
For a positive narcolepsy screening result, participants needed to satisfy criteria for excessive 
sleepiness and cataplexy. The Epworth Sleepiness Scale (ESS)8 was used to assess excessive 
sleepiness (see below), with a score ≥ 13 used as the criterion for identifying those positive for 
narcolepsy. ESS score ≥ 13 shows high sensitivity (90.4%) and specificity (84.6%) for narcolepsy-
cataplexy versus population based samples of adults (written communication, E. Mignot, MD, PhD, 
August 10, 2011). To assess cataplexy symptoms, a modified version of the questions proposed by 
Anic-Labat et al. (sensitivity 92.1% and specificity 95.3%, calculated from published data)9 was 
used, in which participants were asked about the frequency of muscle weakness in their legs and/or 
buckling of their knees when laughing, angry or telling/hearing a joke. Those participants who 
reported “sometimes (at least once a month but less than once per week)” or “often (at least once 
per week)” were deemed positive for cataplexy. 
 
Excessive sleepiness 
The Epworth Sleepiness Scale (ESS)8 was used to assess excessive sleepiness. Participants rated 
their likelihood of dozing or falling asleep in eight different situations. The total ESS score was 
calculated, with higher scores reflecting higher sleepiness level. Excessive sleepiness as a 
dichotomous variable was defined as ESS score ≥ 11, shown to have high sensitivity (93.5%) and 
high specificity (100%),10 and is consistent with the original validation study of the instrument.11 
  
Burnout 
Maslach Burnout Inventory, a 22-item validated questionnaire, was used to for measuring burnout.12 
Burnout describes emotional exhaustion related to occupational stress. The Maslach Burnout 
Inventory has three subscales: emotional exhaustion, depersonalization, and personal achievement. 
We analysed only emotional exhaustion and depersonalization as personal achievement is reported 
to be an independent scale.12 Burnout as a dichotomous variable was defined as high emotional 
exhaustion and depersonalization scores (≥ 27 and ≥ 13, respectively) compared to low to moderate 
scores. Reliability of the scales has been estimated by Cronbach’s alpha of 0.90 for emotional 
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exhaustion and 0.79 for depersonalization, and test-retest reliability coefficients of 0.82 for 
emotional exhaustion and 0.60 for depersonalization.12  
 
Assessment and scoring of sleep stages, arousals, respiratory events, and leg movements 
 
Polysomnographic sleep studies were performed at Sleep HealthCenters (MA), which is accredited 
by the American Academy of Sleep Medicine. Data were sampled at 100 Hz and stored on a 
computer using a digital data acquisition system (Alice software versions 3 and 4, Respironics, 
Murrysville, PA). Scoring was performed by registered polysomnographic technologists.  
 
Data included sleep stages (using 4 electroencephalograms, 2 electrooculograms, and a submental 
electromyogram), arterial oxyhemoglobin saturation (SaO2 from pulse oximeter), airflow (snoring 
microphone, nasal pressure transducer, oronasal thermistors), abdominal and thoracic breathing 
movements (strain gauges wrapped around the thorax and abdomen), electrocardiography, and 
periodic limb movements (surface electromyography of anterior tibialis activity of both legs).  
 
Sleep stages, apneas, hypopneas, arousals, and leg movements were scored visually from the 
computer screen using Alice software versions 3 and 4. Sleep stages were scored according to 
standard criteria.13 Arousals were detected from 3-second or longer changes in 
electroencephalography and electromyography using standardized criteria.14  Respiratory events 
were scored based on the recommendations of the Task Force of the American Academy of Sleep 
Medicine (the “Chicago Criteria”).15 Thus, apnea was scored when cessation of airflow for 10 
seconds or longer was observed. Apneas were further classified as obstructive or central depending 
on the presence or absence of chest-wall breathing movements. Hypopneas were identified based on 
a discernible decrease in breathing for at least 10 seconds (observed in the respiratory strain gauge, 
nasal pressure, or thermistor recordings), followed by either arterial oxyhemoglobin desaturation of 
at least 3% or an arousal. Hypopneas were not categorized as obstructive or central events. These 
events were quantified as the respiratory disturbance index (RDI, number of respiratory 
disturbances per hour of sleep). As there are differences in scoring criteria used by varied 
laboratories, where available we also report the apnea-hypopnea index (AHI, number of apneas plus 
hypopneas per hour of sleep). The AHI is usually slightly lower than the RDI because the definition 
for hypopnea is more conservative than the definition of a respiratory disturbance, i.e., scored 
hypopneas require a >50% reduction in breathing effort [rather than a ‘discernible reduction’] and a 
4% reduction in SaO2 [rather than a 3% reduction]. Quality control data for this laboratory revealed 
the interscorer reliability is greater than 90% for scoring respiratory events and for sleep staging. 
The resting, awake, and supine baseline SaO2 was recorded, as was the minimum SaO2 overnight 
during sleep. Periodic limb movements were scored when at least 4 consecutive bursts of anterior 
tibialis activity (> 25% of the calibration activity with a duration of 0.5-5 seconds) occurred within 
5 to 90 seconds. The total number of individual leg movements was recorded. If leg movements 
accompanied arousals at the termination of a Chicago Criteria-defined respiratory event, then these 
events were classified as respiratory disturbances, and, in such cases, the accompanying leg 
movements were not counted in the periodic limb movements of sleep index (PLMI). The nasal-
pressure tracing, the results of the snoring-detection microphone on the neck, and alterations in the 
phase relationship between thoracic and abdominal breathing motions (e.g., paradoxical motion) 
were used qualitatively to help identify airflow limitation. If a leg movement caused an arousal with 
accompanying larger breaths and there were subsequent smaller unobstructed breaths at sleep onset, 
then these events were classified as leg movements and counted in the PLMI, rather than the 
respiratory disturbance index (RDI). After being scoring by a registered polysomnographic 
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technologist, as occurs in most accredited laboratories, all records were reviewed by a sleep 
specialist, who confirmed the adequacy of the scoring (adjusting scoring where necessary was < 2% 
of events).  
 
There are several possible classification schemes for severity of OSA based on polysomnography 
results, but there is not a universally accepted single threshold RDI or AHI to reliably distinguish 
between ‘normal’ and ‘mild’ OSA, partly because AHI and RDI are greatly affected by body 
posture and amount of REM versus non-REM sleep which can vary considerably from night to 
night, and choice of devices used (e.g., nasal thermistors versus nasal pressure), and scoring criteria 
(e.g., AHI versus RDI) also affect results. Moreover, long term health outcome data are not yet 
available for such thresholds before and after therapeutic intervention. The classifications of 
moderately severe and severe OSA are less controversial as people in these categories have more 
night-to night consistency in test results, and the benefit of therapy is clearer in these groups. Given 
this background, the following criteria were applied by a sleep specialist to classify general OSA 
severity: 
 
• Normal to mild: RDI < 10/hour of sleep and AHI < 5/hour of sleep and minimum saturation 

above 85% (unless saturation was stable and low, as may occur with lung disease and obesity);  
• Mild to moderate: RDI ≥10 and <25/hour of sleep, or >5 with associated desaturation to <85%;  
• Moderate to severe: RDI ≥ 25 and < 35/hour of sleep; 
• Severe: RDI ≥ 35/hour of sleep. 
 
It should be noted that in this group, all polysomnographic records classified as Normal also had 
AHI < 5/hour of sleep, and three subjects were classified as Mild based on desaturation below 85%, 
and in each case, RDI was between 5-10/hour but with notable desaturation in REM sleep. 
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eTable 1. Comparison of demographic characteristics between municipal police department survey 
respondents and those of the entire police department 
 
Characteristic Municipal police department 

survey respondents 
(n=659) 

Municipal police 
department  
(all officers) 

(n=3,726) 
Age, y    
Mean ± SD 36.9 ± 8.3 38.3 ± 8.6 
Age distribution, n (%) (95% CI)   

20-29 y 132 (20.2) (17.1-23.3) 637 (17.1) 
30-39 y 303 (46.4) (42.6-50.2) 1,590 (42.7) 
40-49 y 155 (23.7) (20.5-27.0) 1,029 (27.6) 
50+ y 60 (9.2) (7.0-11.4) 470 (12.6) 
Not known 9 (n/a) - 

Sex, n (%) (95% CI)   
Women 168 (25.6) (22.3-28.9) 1,017 (27.3) 
Men 488 (74.4) (71.1-77.7) 2,709 (72.7) 
Not known 3 (n/a) - 

Rank, n (%)(95% CI)   
Patrol Officer 471 (88.4) (85.6-91.1) 3,251 (87.3) 
Sergeant 44 (8.3) (5.9-10.6) 286 (7.7) 
Lieutenant or higher 15 (2.8) (1.4-4.2) 189 (5.1) 
Other 3 (0.6) (0.0-1.2) - 
Not known 126 (n/a) - 
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eTable 2. Comparison of demographics and sleep disorder risk of police 
officers who participated in the follow-up survey and officers who did not 
participate in the follow-up survey 
 
Demographic characteristic Participated in follow-up Did not participate in 

follow-up 
N (%) 3,545 (71.5) 1,412 (28.5) 
Age, y  

Mean ± SD (range) 38 ± 8.3 (20-64) 38.8 ± 8.3 (20-77) 
Sex, n (%)(95% CI) 

Women 600 (16.9)(15.7-18.2) 261 (18.5)(16.5-20.5) 
Men 2,935 (82.8)(81.6-84.0) 1,144 (81.0)(79.0-83.1) 
Not known 10 (0.3) 7 (0.5) 

Body mass index, kg/m2 

Mean ± SD (range) 28.7± 4.6 (15.8-56.5)  28.7 ± 4.8 (17.8-47.5) 
Health (subjective), n (%)(95% CI) 

Poor 8 (0.2)(0.1-0.4) 3 (0.2)(0.0-0.5) 
Fair 165 (4.7)(4.0-5.3) 82 (5.8)(4.6-7.0) 
Good  1,274 (35.9)34.4-37.5) 505 (35.8)(33.3-38.3) 
Very good 1,481 (41.8)(40.2-43.4) 618 (43.8)(41.2-46.4) 
Excellent 591 (16.7)(15.4-17.9) 193 (13.7)(11.9-15.5) 
Not known 26 (0.7) 11 (0.8) 

Employer type, n (%)(95% CI) 
Municipal 2,180 (61.5)(59.9-63.1) 960 (68.0)(65.6-70.4) 
County 523 (14.8)(13.6-15.9) 322 (22.8)(20.6-25.0) 
State 732 (20.6)(19.3-22.2) 63 (4.5)(3.4-5.5) 
Federal 51 (1.4)(1.0-1.8) 39 (2.8)(1.9-3.6) 
University/College/School 18 (0.5)(0.3-0.7) 8 (0.6)(0.2-1.0) 
Transit and railroad 0 (0.0)(n/a) 2 (0.1)(0.0-0.3) 
Security 2 (0.1)(0.0-0.1) 2 (0.1)(0.0-0.3) 
Other 20 (0.6)(0.3-0.8) 10 (0.7)(0.3-1.1) 
Not known 19 (0.5) 6 (0.4) 

Primary activity, n (%)(95% CI)  
First-line 
supervisors/managers of 
police and detectives 

525 (14.8)(13.6-16.0) 218 (15.4)(13.6-17.3) 

Detectives and criminal 
investigators 

246 (6.9)(6.1-7.8) 162 (11.5)(9.8-13.1) 

Police and sheriff's patrol 
officers 

2,394 (67.5)(66.0-69.1) 904 (64.0)(61.5-66.5) 

Other 362 (10.2)(9.2-11.2) 126 (8.9)(7.4-10.4) 
Not known 18 (0.5) 2 (0.1) 

Sleep disorder risk Participated in follow-up Did not participate in 
follow-up 
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N for OSA and SWD (%) 3,545 (71.5) 1,412 (28.5) 
N for other sleep disorders (%) 2,886 (67.1) 1,412 (32.9) 
OSA, n (%)(95% CI)   

Positive 1,162 (32.8)(31.2-34.3) 504 (35.7)(33.2-38.2) 
Negative 2,342 (66.1)(64.5-67.6) 863 (61.1)(58.6-63.7) 
Not known 41 (1.2) 45 (3.2) 

Insomnia (moderate to severe), n 
(%)(95% CI) 

  

Positive 176 (6.1)(5.2-7.0) 105 (7.4)(6.1-8.8) 
Negative 2,683 (93.0)(92.0-93.9) 1,214 (86.0)(84.2-87.8) 
Not known 27 (0.9) 93 (6.6) 

SWD†, n (%)(95% CI)   
Positive 193 (5.4)(4.7-6.2) 79 (5.6)(4.4-6.8) 
Negative 1,053 (29.7)(28.2-31.2) 488 (34.6)(32.1-37.0) 
Unknown/Not a shift 
worker 

2,299 (64.9)(63.3-66.4) 845 (59.8)(57.3-62.4) 

RLS, n (%)(95% CI)   
Positive 44 (1.5)(1.1-2.0) 26 (1.8)(1.1-2.5) 
Negative 2,803 (97.1)(96.5-97.7) 1,260 (89.2)(87.6-90.9) 
Not known 39 (1.4) 126 (8.9) 

Narcolepsy, n (%)(95% CI)   
Positive 10 (0.3)(0.1-0.6) 6 (0.4)(0.1-0.8) 
Negative 2,854 (98.9)(98.5-99.3) 1,304 (92.4)(91.0-93.7) 
Not known 22 (0.8) 102 (7.2) 

Any sleep disorder, n (%)(95% CI)   
Positive 1,386 (39.1)(37.5-40.7) 617 (43.7)(41.1-46.3) 
Negative or not known 2,159 (60.9)(59.3-62.5) 795 (56.3)(53.7-58.9) 
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eTable 3. Self-reported characteristics of participants screening positive vs. those screening negative for sleep disorders, and those 
screening positive for obstructive sleep apnea vs. those screening negative for obstructive sleep apnea 
 
 Any sleep disorder Obstructive sleep apnea 

 Positive screening Negative screening Pa Positive screening Negative screening Pa 

N (%) 2,003 (40.4) 2,954 (59.6)  1,666 3,205  

Age, y  
      

Mean ± SD (range) 39.9 ± 8.3 (20 – 66) 37.5 ± 8.3 (20 – 77) <0.001 40.6 ± 8.3 (22 – 66) 37.3 ± 8.1 (20 – 77) <0.001 

Employed in police work, y 
      

Mean ± SD (range) 14.2 ± 8.2 (0 – 40) 11.6 ± 8.0 (0 – 41) <0.001 14.8 ± 8.2 (0 – 40) 11.6 ± 7.9 (0 – 41) <0.001 

Sex, n (%) (95% CI) 
      

Women 250 (12.5) (11.0-
13.9) 

611 (20.7) (19.2-
22.1) 

<0.001 168 (10.1) (8.6-
11.5) 

669 (20.9) (19.5-
22.3) 

<0.001 

Men 1,753 (87.5) (86.1-
89.0) 

2,326 (78.7) (77.3-
80.2) 

 1,498 (89.9) (88.5-
91.4) 

2,528 (78.9) (77.5-
80.3) 

 

Not known 0 (0) 17 (0.6)   0 (0) (n/a) 8 (0.3)  

Body mass index, n (%) 
(95% CI)†

 

      

< 25 kg/m2
 209 (10.4) (9.1-

11.8) 

785 (26.6) (25.0-
28.2) 

<0.001 98 (5.9) (4.8-7.0) 880 (27.5) (25.9-
29.0) 

<0.001 

≥ 25 and < 30 kg/m2
 603 (30.1) (28.1-

32.1) 

1,664 (56.3) (54.5-
58.1) 

 419 (25.2) (23.1-
27.2) 

1,823 (56.9) (55.2-
58.6) 

 

≥ 30 and < 35 kg/m2
 827 (41.3) (39.1-

43.4) 

392 (13.3) (12.0-
14.5) 

 791 (47.5) (45.1-
49.9) 

410 (12.8) (11.6-
13.9) 

 

≥ 35 kg/m2
 359 (17.9) (16.2-

19.6) 

85 (2.9) (2.3-3.5)  354 (21.2) (19.3-
23.2) 

80 (2.5) (2.0-3.0)  

Not known 5 (0.2) (0.0-0.5) 28 (0.9)   4 (0.2) 12 (0.4)  

< 30 kg/m2 812 (40.5) (38.4-
42.7) 

2,449 (82.9) (81.5-
84.3) 

<0.001 517 (31.0) (28.8-
33.3) 

2,703 (84.3) (83.1-
85.6) 

<0.001 

≥ 30 kg/m2 1,186 (59.2) (57.1-
61.4) 

477 (16.1) (14.8-
17.5) 

 1,145 (68.7) (66.5-
71.0) 

490 (15.3) (14.0-
16.5) 
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Not known 5 (0.2) (0.0-0.5) 28 (0.9)   4 (0.2) 12 (0.4)  

Body mass index, kg/m2       

Mean ± SD (range) 30.9 ± 4.9 (15.8 – 
56.5) 

27.1 ± 3.7 (17.0 – 
49.4) 

<0.001 31.9 ± 4.7 (19.4 – 
56.5) 

27.0 ± 3.6 (15.8 – 
49.4) 

<0.001 

a Independent samples t-test or chi-squared test. 
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eTable 4. Variables included in models used to examine associations between comorbidities and adverse health outcomes and positive 
sleep disorder screening (or positive OSA screening)a 
 
 Any sleep disorder 

(Complete-case) 
Any sleep disorder 
(Missing-indicator 

method) 

OSA 
(Complete-case) 

OSA  
(Missing-indicator 

method) 
Diabetes Age, BMI, Smoking, 

Hypertension 
Age, BMI, Smoking, 

Hypertension 
Age, BMI, Smoking, 

Hypertension 
Age, BMI, Smoking, 

Hypertension, Shift length 
Cardiovascular 
disease 

Age, Hypertension Age, Hypertension Age, Hypertension Age, Hypertension 

Gastrointestinal 
disorder 

Age, Smoking, 
Hypertension 

Age, Sex, Hypertension, 
Smoking, Shift length 

Age, Hypertension, Night 
shift 

Age, Sex, Hypertension, 
Night shift 

Depression Sex, Hypertension Age, Sex, Hypertension Age, Sex, Hypertension Age, Sex, Hypertension 
Anxiety disorder Sex, alcohol, Hypertension Sex, Smoking, alcohol, 

Hypertension 
Sex, Smoking, alcohol, 

Hypertension, Second job 
Sex, Smoking, alcohol, 

Hypertension 
Pharmacotherapy 
for insomnia 

Sex, BMI, Hypertension Sex, BMI, Hypertension Sex, BMI, Hypertension, 
Night shift 

Sex, BMI, Hypertension, 
Night shift 

Caffeine 
consumption 

Smoking, Shift length Smoking Age, Smoking, Night shift 
Primary activity, Shift 

length 

Age, BMI, Smoking, 
Primary activity, Night shift

Health status  Age, BMI, Smoking, 
Hypertension, Primary 

activity,  

Age, Sex, BMI, Smoking, 
Hypertension, Shift length  

Age, Sex, BMI, Smoking, 
Hypertension, Primary 
activity, Shift length  

Age, Sex, BMI, Smoking, 
Hypertension, Shift length  

Fall asleep while 
driving after 
work 

Smoking, Night shift, 
Second job, Shift length 

Age, BMI, Smoking, 
Second job,  

Sex, Smoking, Night shift, 
Second job, Shift length 

Sex, BMI, Smoking, Night 
shift Second job, Shift 

length 
Burnout – 
emotional 
exhaustion 

Sex, BMI, Shift rotation Sex, BMI, Shift rotation Sex, BMI, alcohol, Shift 
rotation 

Sex, BMI, Primary activity, 
Shift rotation 

Burnout – 
depersonalization 

Age Age Age, alcohol, Second job, 
Primary activity, Shift 

length 

Age, alcohol, Hypertension, 
Primary activity, Second 

job, Shift length 
a See Table 3. 
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eTable 5. Variables included in models used to examine associations between performance and safety outcomes and attentional failures 
(dichotomized variables) and positive sleep disorder screeninga 
 

 

Variables included in the 
multiple regression models 
in addition to sleep disorder 

(Complete-case) 

Variables included in the multiple regression models in 
addition to sleep disorder 

(Missing-indicator method) 

Administrative error – actual 
Age, Primary activity, 

Nightshift, Mean work hours, 
Sleep 

Age, Primary activity, Nightshift, Mean work hours 

Fall asleep while driving Age, Sex, Nightshift, Sleep Age, Sex, Sleep 
Error or safety violation – 
attributed to fatigue 

Primary activity, Nightshift, 
Mean work hours, Sleep 

Primary Activity, Nightshift, Mean work hours, Sleep 

Occupational Injury Primary Activity, Nightshift Primary Activity, Nightshift 

Uncontrolled anger towards 
suspect/citizen 

Age, Primary Activity, 
Nightshift, Mean work hours, 

Sleep 
Age, Primary Activity, Nightshift, Mean work hours, Sleep 

Citizen complaints 
Age, Second job, Primary 
Activity, Mean work hours 

Age, Second job, Primary Activity, Mean work hours 

Commendations Age, Mean work hours, Sleep Age, Mean work hours, Sleep 

Administrative error – near-miss 
BMI, Nightshift Mean work 

hours, Sleep 
BMI, Nightshift, Mean work hours, Sleep 

Absenteeism (all cause sickness 
absence) 

Sex, BMI, Primary Activity, 
Mean work hours 

Sex, BMI, Primary Activity, Mean work hours 

Error or safety violation – not 
attributed to fatigue 

BMI, Primary Activity, Mean 
work hours 

Primary Activity, Mean work hours 

Fall asleep during meetings at the 
police department Mean work hours, Sleep Mean work hours, Sleep 

Fall asleep on the telephone Mean work hours, Sleep Mean work hours, Sleep 
Fall asleep while stopped in traffic BMI, Nightshift, Sleep Age, Second job, Sleep 
a See Table 4. 
eTable 6. Self-reported performance and safety outcomes and attentional failures (continuous variables) associated with positive sleep 
disorder screening (n=3,545) 
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(n=15,735 total person months) 
OR (95% CI) 
Unadjusted 

OR (95% CI) Adjusteda
 

OR (95% CI) Adjusteda 
(Missing-indicator method) 

Primary outcomes    

Serious administrative error – actual 1.32 (1.09-1.60) 
P=0.005 

2.02 (1.40-2.91) P<0.001 1.43 (1.15-1.79) P=0.001 

Fall asleep while driving 
1.75 (1.34-2.28) 

P<0.001 
1.54 (1.18-2.00) P=0.001 1.67 (1.28-2.17) P<0.001 

Error or safety violation – attributed to 
fatigue 

1.16 (1.07-1.25) 
P<0.001 

1.10 (1.00-1.21) P=0.05 1.19 (1.09-1.29) P<0.001 

Occupational Injury 1.28 (1.05-1.57) P=0.02 1.25 (0.99-1.57) P=0.06 1.27 (1.04-1.54) P=0.02b
 

Secondary outcomes    

Uncontrolled anger towards suspect/citizen 1.14 (0.98-1.32) P=0.09 1.20(1.02-1.42) P=0.03 1.21(1.05-1.40) P=0.008 

Citizen complaints 1.21 (1.00-1.46) P<0.05 1.29 (1.07-1.56) P=0.007 1.29 (1.07-1.56) P=0.007 

Commendations 1.02 (0.90-1.16) P=0.72 1.02(0.88-1.18) P=0.81 1.01(0.89-1.14) P=0.94 

Serious administrative error – near-miss 1.61(1.33-1.96) P<0.001 1.56 (1.23-1.97) P<0.001 1.70 (1.39-2.10) P<0.001 

Absenteeism (all cause sickness absence) 
1.46 (1.26-1.70) 

P<0.001 
1.35 (1.14-1.59) P<0.001 1.57 (1.33-1.85) P<0.001 

Error or safety violation – not attributed to 
fatigue 

1.16 (0.98-1.37) P=0.08 1.15 (0.98-1.35) P=0.09 1.16 (0.98-1.37) P=0.08 

Fall asleep during meetings at the police 
department 

2.18 (1.53-3.10) 
P<0.001 

2.12(1.38-3.28) P<0.001 2.15(1.53-3.02) P<0.001 

Fall asleep on the telephone 1.84 (1.09-3.11) P=0.02 1.61 (0.92-2.84) P=0.01 1.65 (0.98-2.78) P=0.06 

Fall asleep while stopped in traffic 
1.74 (1.32-2.29) 

P<0.001 
1.67 (1.25-2.24) P<0.001 1.61 (1.23-2.11) P<0.001* 

 

Positive screening result for sleep disorders was defined as meeting criteria for any of the sleep disorders assessed. For shift work 
disorder, positive result required both wake time drowsiness and insomnia (mild, moderate or severe), with wake time drowsiness defined 
as moderate to high chance of falling asleep while driving after working nights compared to never or slight chance during days off, and 
moderate to high chance of falling asleep during night shift compared to never or slight chance during day shift. No positive sleep 
disorder screening was defined as not meeting criteria for any of the sleep disorders assessed.   
a Odd ratios were adjusted for sex, age, BMI, primary police activity, shift rotation, second job, number of night shifts worked, mean total 
work hours per week, and monthly sleep.  
b Not significant when significance level is adjusted for multiple comparisons (P=0.0125). 
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eTable 7. Variables included in models used to examine associations between performance and safety outcomes and attentional failures 
(continuous variables) and positive sleep disorder screeninga 
 

 

Variables included in the multiple regression 
models in addition to sleep disorder 

(Complete-case) 
 

Variables included in the multiple 
regression models in addition to sleep 

disorder 
(Missing-indicator method) 

Administrative error – actual BMI, Nightshift, Mean work hours BMI, Nightshift, Mean work hours 
Fall asleep while driving Sex, Nightshift, Sleep Age, Sex, monthly sleep 
Error or safety violation – attributed to 
fatigue 

Nightshift BMI, Nightshift, Sleep 
 

Occupational Injury Primary Activity, Nightshift Primary Activity, Nightshift 
Uncontrolled anger towards 
suspect/citizen 

Age, Primary Activity, Mean work hours, Sleep 
Age, Primary Activity, Mean work hours, 

Sleep 
Citizen complaints Age, Second job, Primary Activity Age, Primary Activity 
Commendations Age, Mean work hours, Sleep Age, Nightshift, Mean work hours, Sleep 
Administrative error – near-miss BMI, Nightshift Mean work hours, Sleep BMI, Nightshift Mean work hours, Sleep 
Absenteeism (all cause sickness 
absence) 

Sex, Shift rotation, Primary Activity, Mean work 
hours 

Sex, Shift rotation, Second job, Primary 
Activity, Nightshift, Mean work hours 

Error or safety violation – not 
attributed to fatigue 

Second job, Sleep Second job, Sleep 

Fall asleep during meetings at the 
police department Mean work hours, Sleep Mean work hours, Sleep 

Fall asleep on the telephone Primary Activity, Mean work hours, Sleep Primary Activity, Mean work hours, Sleep 
Fall asleep while stopped in traffic BMI, Nightshift, Sleep Sleep 
 
a See eTable 6. 
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eTable 8. Self-reported performance and safety outcomes and attentional failures (dichotomous variables) associated with risk of sleep 
disorders in police officers who completed one year of monthly surveys (n=459) 
 

(n=5,508 person-months) 

Positive 
Outcome in 

person 
months with 

positive 
screen for 

sleep disorder 
n (%)a 

Positive 
Outcome in 

person 
months with 

negative 
screen for 

sleep disorder 
n (%)a 

OR (95% CI) Unadjusted 
OR (95% CI) Adjustedb 
Missing-indicator method 

Serious administrative 
error – actual 259 (11.2) 239 (7.5) 1.59 (1.14-2.23) P=0.007 1.62 (1.16-2.26) P=0.005 

Fall asleep while driving 210 (9.1) 218 (6.8) 1.23 (0.80-1.89) P=0.35 1.26 (0.82-1.94) P=0.29 

Error or safety violation – 
attributed to fatigue 

406 (17.6) 410 (12.8) 1.47 (1.13-1.91) P=0.004 1.75 (1.32-2.32) P<0.001 

Occupational injury 90 (3.9) 116 (3.6) 1.23 (1.01-1.51) P=0.04 1.18 (0.92-1.70) P=0.38 

 
Positive screening result for sleep disorders was defined as meeting criteria for any of the sleep disorders assessed. For shift work 
disorder, positive result required both wake time drowsiness and insomnia (mild, moderate or severe), with wake time drowsiness defined 
as moderate to high chance of falling asleep while driving after working nights compared to never or slight chance during days off, and 
moderate to high chance of falling asleep during night shift compared to never or slight chance during day shift.16 No positive sleep 
disorder screening was defined as not meeting criteria for any of the sleep disorders assessed.  Sex, Age, BMI, Primary activity, Shift 
rotation, Second job, Amount of shift work, Average monthly work hours, Monthly hours of sleep. 
a Missing data and negative outcomes for these variables are not shown. 
b Odd ratios were adjusted for sex, age, BMI, primary police activity, shift rotation, second job, number of night shifts worked, mean total 
work hours per week, and monthly sleep. Only those variables that were significant (P < 0.05) were included in the final model (see 
Methods) 
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eTable 9. Comparison between questionnaire (Berlin) questionnaire outcome or body mass index and classification of OSA severity 
from polysomnography 
 
 Polysomnographic classification of OSA severity 

n (%) 

 

Mild to moderate, 
Moderate to severe, or 

Severe 
Moderate to severe or 

Severe 

  
Normal to 

mild 
 

Mild to 
moderate 

 

Moderate 
to 

severe 
 

Severe 
 n PPV NPV n PPV NPV 

Questionnaire 
outcomea 

n=42 n=38 n=11 n=23       

Negative (n=60) 32 (53.3) 17 (28.3) 4 (6.7) 7 (11.7) 28 81.5 53.3 11 42.6 81.7 
Positive (n=54) 10 (18.5) 21 (38.9) 7 (13.0) 16 (29.6) 44   23   

BMI† n=43 n=39 n=10 n=23       

< 25 kg/m2 (n=15) 10 (66.7) 3 (20.0) 1 (6.7) 1 (6.7) 5 67.0 66.7 2 31.0 86.7 
≥ 25 kg/m2 (n=100) 33 (33.0) 36 (36.0) 9 (9.0) 22 (22.0) 67   31   

< 30 kg/m2 (n=71) 34 (47.9) 20 (28.2) 9 (12.7) 8 (11.3) 37 79.5 47.9 17 36.4 76.1 
≥ 30 kg/m2 (n=44) 9 (20.5) 19 (43.2) 1 (2.3) 15 (34.1) 35   16   

< 35 kg/m2 (n=103) 42 (40.8) 37 (35.9) 9 (8.7) 15 (14.6) 61 91.7 40.8 24 75.0 76.7 
≥ 35 kg/m2 (n=12) 1 (8.3) 2 (16.7) 1 (8.3) 8 (66.7) 11   9   

BMI body mass index; PPV positive predictive value; NPV negative predictive value 
Definitions of polysomnographic classifications: 
Normal to Mild: RDI < 10/hour and AHI < 5/hour of sleep and minimum saturation above 85% (unless saturation was stable and low, as 
may occur with lung disease and obesity);  
Mild to Moderate: RDI ≥10 and <25/hour of sleep, or >5 with associated desaturation to <85%;  
Moderate to Severe: RDI ≥ 25 and < 35/hour of sleep; 
Severe: RDI ≥ 35/hour of sleep. 
a Questionnaire screening result (Berlin) was unknown for two participants and BMI was unknown for one participant due to insufficient 
information provided by them in the survey.  



 

 

eTable 10. Participants reporting symptoms consistent with shift work disorder as a percentage of 
those providing sufficient information to determine risk in all three definitions applied 
 
 n Percentage of respondents reporting at 

least one night shift and with complete 
responses for all definitions of shift work 

disorder 

1. Excessive waketime sleepiness 
and insomnia 

268 16.1% 

Excessive waketime sleepiness 561 33.7% 

Insomnia 679 40.8% 

2. Excessive waketime sleepiness or 
insomnia 

972 58.4% 

3. Waketime drowsinessa and 
insomnia 

47 2.8% 

a Participants were required to meet the following criteria for waketime drowsiness: moderate to 
high chance of falling asleep while driving after working nights compared to never or slight chance 
during days off, and moderate to high chance of falling asleep during night shift compared to never 
or slight chance during day shift.16  

The frequency of shift work disorder was found to be consistent with the figures reported in Table 2 
when the same criteria are applied only in those individuals who had sufficient data for all 
definitions of shift work disorder that we considered. 

Percentages represent the number of individuals reporting the symptom(s) divided by the number of 
individuals who reported working at least one night shift during the one month prior to completing 
the survey, and who provided sufficient information to determine risk according to all three 
definitions of SWD (n=1,664). Night shift was defined as work hours that included at least 6 hours 
between 10 PM and 8 AM. 
 
 
 
 
 
 


