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S

LEEP DISORDERS AFFECT 50 TO 70

million US residents.1 Most are
undiagnosed and remain untreated, resulting in adverse
health, safety, and performance outcomes that have important economic
ramifications.1 Obstructive sleep apnea (OSA)2 is associated with hypertension,3,4 cardiovascular disease,3,5,6
cognitive impairment,7 and increased
risk of motor vehicle crashes.8 Insomnia is a risk factor for depression9 and
hypertension 10 and causes daytime
functional impairments3 leading to absenteeism and productivity losses.11
Shift work disorder, affecting approximately 10% of night and rotating shift
workers,12 is associated with social disturbances and higher rates of ulcers, unintentional injury, absenteeism, and deFor editorial comment see p 2616.
Author Video Interview available at
www.jama.com.

Context Sleep disorders often remain undiagnosed. Untreated sleep disorders among
police officers may adversely affect their health and safety and pose a risk to the public.
Objective To quantify associations between sleep disorder risk and self-reported health,
safety, and performance outcomes in police officers.
Design, Setting, and Participants Cross-sectional and prospective cohort study
of North American police officers participating in either an online or an on-site screening (n=4957) and monthly follow-up surveys (n=3545 officers representing 15 735
person-months) between July 2005 and December 2007. A total of 3693 officers in
the United States and Canada participated in the online screening survey, and 1264
officers from a municipal police department and a state police department participated in the on-site survey.
Main Outcome Measures Comorbid health conditions (cross-sectional); performance and safety outcomes (prospective).
Results Of the 4957 participants, 40.4% screened positive for at least 1 sleep disorder, most of whom had not been diagnosed previously. Of the total cohort, 1666
(33.6%) screened positive for obstructive sleep apnea, 281 (6.5%) for moderate to
severe insomnia, 269 (5.4%) for shift work disorder (14.5% of those who worked the
night shift). Of the 4608 participants who completed the sleepiness scale, 1312
(28.5%) reported excessive sleepiness. Of the total cohort, 1294 (26.1%) reported
falling asleep while driving at least 1 time a month. Respondents who screened positive for obstructive sleep apnea or any sleep disorder had an increased prevalence of
reported physical and mental health conditions, including diabetes, depression, and
cardiovascular disease. An analysis of up to 2 years of monthly follow-up surveys
showed that those respondents who screened positive for a sleep disorder vs those
who did not had a higher rate of reporting that they had made a serious administrative
error (17.9% vs 12.7%; adjusted odds ratio [OR], 1.43 [95% CI, 1.23-1.67]); of falling asleep while driving (14.4% vs 9.2%; adjusted OR, 1.51 [95% CI, 1.20-1.90]); of
making an error or safety violation attributed to fatigue (23.7% vs 15.5%; adjusted
OR, 1.63 [95% CI, 1.43-1.85]); and of exhibiting other adverse work-related outcomes including uncontrolled anger toward suspects (34.1% vs 28.5%; adjusted OR,
1.25 [95% CI, 1.09-1.43]), absenteeism (26.0% vs 20.9%; adjusted OR, 1.23 [95%
CI, 1.08-1.40]), and falling asleep during meetings (14.1% vs 7.0%; adjusted OR,
1.95 [95% CI, 1.52-2.52]).
Conclusion Among a group of North American police officers, sleep disorders were
common and were significantly associated with increased risk of self-reported adverse health, performance, and safety outcomes.
www.jama.com
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Figure 1. Flow of Participants in the Study
in the On-site and Online Cohorts
6022 Police officers expressed
interest in participation
2004 Attended on-site
presentation at work
4018 Consented to participate
in online screening
1065 Declined participation
628 Declined invitation to
participate in the on-site
program
112 Did not complete on-site
screening
325 Did not complete online
screening
4957 Took the sleep-disorders
screening survey and were
eligible for the cross-sectional
analysis
1264 On-site cohort
3693 Online cohort
1412 Did not participate in the monthly
survey (online cohort)
3545 Took ≥1 monthly follow-up
survey(s) and were eligible
for the prospective analysis
1264 On-site cohort
2281 Online cohort
426 Referred for clinical follow-up
or polysomnography
(on-site cohort)
143 Did not attend clinical follow-up
or polysomnography
283 Attended clinical follow-up or
underwent polysomnography
(on-site cohort)

pression.12 Untreated sleep disorders
and chronic sleep deficiency1 increase
the risk of unintential motor vehicle
crashes and injuries.3 These problems
are exacerbated in shift workers, who
experience circadian rhythm disruption and chronic sleep deficiency due
to their work schedules.13
Police officers frequently work extended shifts and long work weeks,14
which in other occupations are associated with increased risk of errors, unintended injuries, and motor vehicle
crashes.15 According to data through the
year 2003, more officers are killed by
unintended adverse events than during the commission of felonies.14 It has
been hypothesized that fatigue—
likely due to reduced duration and quality of sleep16 and untreated sleep disorders17—may play an important role
2568 JAMA, December 21, 2011—Vol 306, No. 23

in police officer unintentional injuries
and fatalities.14 To date, the effect of
sleep disorders on police officer health,
safety, and performance has not been
systematically investigated.
We examined, among North American police officers, the risk of major
sleep disorders, including those
described above as well as restless legs
syndrome and narcolepsy.2 This prospective cohort study examined the
association between screening positive for a sleep disorder and selfreported adverse health, safety, and performance outcomes.
METHODS
Study Population and Recruitment

A total of 4957 sworn police officers in
North America (United States 97%,
Canada 3%) volunteered to participate in either the online or on-site study
component (FIGURE 1). The on-site
portion of the study included intense
investigations of a municipal police department serving 1 of the 10 largest US
cities and a state police department serving 1 of the 10 most densely populated states. The participating police departments were not from the same state.
The on-site cohort was included to
achieve a high cooperation rate within
those departments and to compare
characteristics of responders and nonresponders (in the municipal police department). The online cohort was included to provide a comparison group
of police officers from across North
America. Both cohorts included
monthly follow-up surveys.
To recruit for the online cohort, we
corresponded with large law enforcement agencies across North America to
solicit participation and placed advertisements in police magazines and
newsletters and on police-focused Web
sites. For the on-site cohorts, we solicited participation from several municipal and state police departments. Ultimately a municipal department and a
state department were selected and
agreed to participate in the study protocol. Of the 3329 potential attendees
from the departments participating in
the on-site study, 2004 participated in

informational sessions. In addition,
4018 registered for the online study
(Figure 1). Of these police officers, 4957
completed the baseline survey, which
included a sleep disorders screening:
1264 (63.1%, cooperation rate18) in the
on-site cohort and 3693 (91.9%, participation rate18) in the online cohort,
which made them eligible for the crosssectional analyses.18 In both cohorts, the
3545 officers who had completed at
least 1 of the monthly follow-up surveys were eligible for the prospective
analyses: 1264 in the on-site and 2281
in the online cohort. This represents a
63.1% cooperation rate and 56.8% participation rate, respectively; these were
deemed the prospective study cohort.
The study protocol was approved by
the Partners Human Research Committee and was conducted between July
2005 and December 2007. Participants provided written or electronic
informed consent and were not
informed about study hypotheses. For
reporting purposes to the human
research committee and to funding
agencies, participants were required to
self-report race and ethnicity using prespecified categories (TABLE 1). Participants selected for polysomnography
studies received up to $440, and survey participants were eligible for a prize
drawing valued at up to $1000.
Design

In a cross-sectional baseline survey, we
assessed demographics, physical and
mental health status, and the risk of
sleep disorders. For up to 2 years following the baseline screening, each
month we sent all participants an e-mail
with a link to a short online survey assessing work-related performance, work
hours, and safety. Reminder e-mails
were sent to those who did not immediately complete the survey. (The baseline screening questions and follow-up surveys are available from the
authors.)
Survey Instruments

The sleep disorders screening questionnaire used validated, self-report
screening tools for OSA (Berlin Ques-
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tionnaire; sensitivity 0.86, specificity
0.77),19 moderate to severe insomnia
(Athens Insomnia Scale: sensitivity
0.93, specificity 0.85),20 restless legs
syndrome (RLS Epidemiology, Symptoms, and Treatment questionnaire:
sensitivity 0.82, specificity 0.90),21 and
narcolepsy with cataplexy (Cataplexy
Questionnaire: sensitivity 0.92, specificity 0.9522 and Epworth Sleepiness
Scale [ESS]23). For shift work disorder, we created a screening tool based
on the International Classification of
Sleep Disorders, Second Edition (ICSD-2)
diagnostic criteria2 (criteria are provided in the eMethods, available at http:
//www.jama.com). The municipal police department allowed that only the
OSA risk could be assessed for its 659
participants. Excessive sleepiness was
assessed using the ESS (sensitivity 0.94,
specificity 1.00)23 to examine prevalence of this symptom and to compare
across positive and negative sleep disorder groups.
In the baseline survey, participants
reported current health status (poor
to excellent); previous diagnoses of
sleep and other medical disorders (eg,
diabetes, cardiovascular disease, gastrointestinal tract disorder, depression, anxiety); likelihood of falling
asleep while driving after work; and
use of sleeping medications (never or
nearly never to nearly every day), caffeine (0-⬎8 servings/d), and alcohol
(0- ⬎14 servings/wk). The Maslach
Burnout Inventory was used to assess
2 subscales of burnout: emotional
exhaustion and depersonalization.24
In the monthly surveys, participants were asked about work and sleep
hours, likelihood of falling asleep in
various situations and outcome measures of work performance, such as administrative errors, injuries, uncontrolled anger toward suspects or
citizens, absenteeism, citizen complaints, and safety violations. The workhours instrument was previously validated against daily work diaries (for
monthly work hours, r = 0.76; for extended shifts, r=0.94; P⬍.001),25 which
in themselves were validated by direct
observation (r=0.98, P ⬍.001).26

Polysomnographic Assessment

To compare questionnaire OSA screening outcome with polysomnography,
full, attended polysomnography studies were performed for 126 participants from the state police department. Of these, 63 had screened positive
on the Berlin questionnaire and were
the first from the overall study to agree
to have sleep studies performed and
agree to provide the investigators with
access to relevant medical records; 61
had screened negative on the Berlin
questionnaire and were selected randomly from the group of participants
who screened negative; and 2 had invalid Berlin screening outcomes. Obstructive sleep apnea severity was classified by a sleep specialist, blind to
questionnaire outcome, and was made
on the basis of both the respiratory disturbance index and the minimal arterial oxyhemoglobin saturation level associated with respiratory disturbances
(eMethods).
Data Analyses

Multiple logistic regression models were
used for cross-sectional analysis of the
associations between health outcomes
at baseline and sleep disorder screening outcomes (for positive screening for
any sleep disorder, or positive OSA
screening). For the prospective analysis, the generalized estimating equations (GEE) method27 was used to assess performance and attentional
failures in those who screened positive and those who did not screen positive for any of the sleep disorders because these outcomes were measured
monthly over the course of this study
and hence likely to be correlated. For
performance and attentional failures,
we used a logit link in the GEE model
for dichotomized outcomes (1 for
any number of the performance and
attentional failures and 0 for no performance and attentional failures).
Supplemental analysis was conducted
on the continuous version of each outcome, assuming that the actual number of events follow a Poisson distribution and using a log link in the GEE
model.

©2011 American Medical Association. All rights reserved.

Table 1. Self-reported Participant
Characteristics (N = 4957)
Characteristic
Age, mean (SD), y
Range
Sex, No. (%)
Women
Men
Not known
Race, No. (%)
White
Black
Asian
Native American
Pacific
Other
Not known
Ethnicity, No. (%)
Hispanic
Other
Not known
BMI, No. (%)
⬍25
ⱖ25-⬍30
ⱖ30-⬍35
ⱖ35
Not known
Mean (SD)
Range
Health status, No. (%)
Poor
Fair
Good
Very good
Excellent
Not known
Employed in police work,
mean (SD), y
Range
Employer type, No. (%)
Municipal
County
State
Federal
University, college, or school
Transit and railroad
Security
Other
Not known
Primary activity, No. (%)
First-line supervisors or
managers of police and
detectives
Detectives and criminal
investigators
Police and sheriff’s patrol
officers
Other
Not known

Value
38.5 (8.3)
20-77
861 (17.4)
4079 (82.3)
17 (0.3)
4216 (85.1)
393 (7.9)
50 (1.0)
34 (0.7)
6 (0.1)
167 (3.4)
91 (1.8)
292 (5.9)
4405 (88.9)
260 (5.3)
994 (20.1)
2267 (45.7)
1219 (24.6)
444 (9.0)
33 (0.7)
28.7 (4.6)
15.8-56.5
11 (0.2)
247 (5.0)
1778 (35.9)
2099 (42.3)
785 (15.8)
37 (0.7)
12.7 (8.1)
0-41
3140 (63.3)
846 (17.1)
794 (16.0)
90 (1.8)
26 (0.5)
2 (0.0)
4 (0.1)
30 (0.6)
25 (0.5)
743 (15.0)

408 (8.2)
3298 (66.5)
488 (9.8)
20 (0.4)
(continued)
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Table 1. Self-reported Participant
Characteristics (N = 4957) (continued)
Characteristic
Night shift work in past mo, No. (%)
Never or nearly never
1-4 times/mo
1-4 times/wk
Nearly every d
Not known
Work shift/24 h, No. (%) a
⬍8
8-10
11-13
14-16
⬎16
Not known
Second job, No. (%) a
Yes
None reported
Shift rotation, No. (%) a
Fixed
Rotating
Other
Not known

Value
1922 (38.3)
980 (19.8)
938 (18.9)
968 (19.5)
149 (3.0)
28 (0.8)
1694 (47.8)
1111 (31.3)
515 (14.5)
64 (1.8)
133 (3.8)
723 (20.4)
2822 (79.6)
1966 (55.5)
873 (24.6)
563 (15.9)
143 (4.0)

Abbreviation: BMI, body mass index, calculated as weight
in kilograms divided by height in meters squared.
a Number of work hours per 24 hours, hours worked at second job, and shift rotation are taken from the first monthly
follow-up survey (n=3545). Number of work hours per 24
hours is the usual number of hours worked at primary job,
mandatory and voluntary overtime, detail or special assignment, second job, and court time.

For the cross-sectional analysis, we
adjusted for the potentially confounding effects of age, sex, body mass
index (BMI), hypertension, cigarette
smoking, alcohol consumption, primary police activity, second job, usual
shift length, night shift work, and shift
rotation. For the prospective analysis,
we adjusted for age, sex, BMI, primary
police activity, second job, night shift
work, shift rotation, mean total work
hours per week, and monthly sleep
time. We tested these confounders
individually and only included those
that were significant (P ⬍ .10) in
the initial multivariable models. We
then applied a backward elimination
method to remove those that were not
significant in the final model. Only
significant variables of P ⬍ .05 were
left in the final model. Because there
were some missing data for some of
the confounders, we repeated the
analysis using the missing-indicator
method.28 Unadjusted and adjusted
2570 JAMA, December 21, 2011—Vol 306, No. 23

odds ratios (ORs) with 95% confidence intervals are reported for the
complete-case analysis, and adjusted
ORs are reported when the missingindicator method was applied.
For the cross-sectional analysis, we
deemed the following primary outcomes: diabetes, depression, burnout
(emotional exhaustion), and falling
asleep while driving. For the prospective analysis, we deemed the following as the primary outcomes: falling
asleep while driving, making a serious
administrative error, making fatiguerelated errors or safety violations,
and having an occupational injury.
P ⬍.0125 was considered statistically
significant for the 4 primary outcomes
of interest in each analysis with Bonferroni adjustment. P ⬍ .05 was considered statistically significant in all secondary analyses. Statistical analyses
were conducted using SAS for Windows (version 9.2, SAS Institute Inc).
Sample size and power calculations
are based on our previous studies examining the effects of extended duration shifts on performance and attentional failures. A similar magnitude of
difference was expected in the present
study because both sleep disorders and
extended durations of wakefulness have
been reported to induce neurobehavioral performance impairments comparable with that of alcohol intoxication.3 For the sample size and power
calculation, we considered 3 outcomes: falling asleep while driving, having an occupational injury, and making an error or committing a safety
violation attributed to fatigue. Assuming that one-third of our sample would
screen positive for a sleep disorder, with
15 000 person-months of data, we estimated 90% power to detect the following differences from those who had
screened negative vs those who had
screened positive for a sleep disorder:
rate of falling asleep while driving,
0.06625 vs 0.083 (OR, 1.28); rate of occupational injury, 0.01029 vs 0.017 (OR,
1.71); and rate of error or safety violation due to fatigue, 0.03830 vs 0.051
(OR, 1.36), with a 2-sided z test at P
⬍.05/3 =.0167.

RESULTS
Sample Characteristics

A total of 4957 police officers (mean
[SD] age: 38.5 [8.3] years; years of police service: 12.7 [8.1]) completed the
baseline survey. All participants reported being 18 years or older and
sworn police officers. A total of 3930
officers (79.3%) were overweight or
obese and 1663 (33.5%) were obese
(Table 1). In 256 participants who
attended a follow-up clinic visit, BMI
was measured and found to be highly
correlated with self-reported BMI
(R=0.912, P⬍ .001).
As is the case nationally, white males
made up the majority of officers. Based
on the national average, women were
slightly overrepresented in our sample
(17.4% [95% CI, 16.3%-18.4%] vs
13.7% nationwide) whereas racial/
ethnic minorities were somewhat underrepresented (7.9% [95% CI, 7.28.7] vs 12.7% for black officers
nationwide; 5.9% [95% CI, 5.2-6.5] vs
9.1% for Hispanic officers nationwide31; Table 1). Our sample of onsite
participants from the municipal police department (responders) was generally consistent in age, sex, and rank
to characteristics of the entire police department, although the responders were
slightly younger and had fewer highranking officers (eTable 1, available at
http://www.jama.com).
A total of 15 735 monthly surveys
were completed during the 2-year followup, with a mean (SD) of 684.2 (254.1)
completed monthly. Each participant
completed a mean of 4.4 (5.2) surveys
(median [interquartile range], 2 [1-6]).
Officers who participated in the follow-up survey were similar to those who
did not in terms of demographics and
risk of sleep disorders (eTable 2).
Sleep Disorder Screening

A total of 2003 of 4957 participants
(40.4%) screened positive for at least
1 sleep disorder (eTable 3 for demographic comparisons). One thousand
six hundred sixty-six participants
(33.6%) screened positive for OSA, the
most common disorder, followed by
281 (6.5%) with moderate to severe in-
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somnia; 269 (5.4%) with shift work disorder—those reporting excessive wake
time sleepiness and insomnia associ-

ated with night work—representing
14.5% of those who work night shifts
in the cohort; 70 (1.6%) with restless

legs syndrome; and 16 (0.4%) with narcolepsy with cataplexy (TABLE 2). Applying the ICSD-22 criteria for shift work

Table 2. Sleep Disorder Screening Outcomes for All Participants by Subgroups
Subgroups, No. (%)
On-site Cohort
All
Participants,
No. (%)

Online
Cohort

State
Police

Municipal
Police a

No. of respondents

4957

3693

605

659

Obstructive sleep apnea
Positive

1666 (33.6)

1331 (36.0)

123 (20.3)

212 (32.2)

3205 (64.7)

2309 (62.5)

471 (77.9)

425 (64.5)

86 (1.7)

53 (1.4)

11 (1.8)

22 (3.3)

Negative
Not known
Insomnia, moderate to severe
Positive
Negative
Not known
Shift work disorder c
Excessive waketime sleepiness and insomnia,
mild, moderate, or severe
Positive
Negative
Not known
Excessive waketime sleepiness
Positive

281 (6.5)

258 (7.0)

23 (3.8)

3897 (90.7)

3316 (89.8)

581 (96.0)

120 (2.8)

119 (3.2)

1 (0.2)

269 (14.5)

256 (15.3)

13 (7.0)

1444 (77.6)

1302 (77.8)

142 (75.9)

148 (8.0)

116 (6.9)

32 (17.1)

589 (31.6)

551 (32.9)

38 (20.3)

1110 (59.6)

996 (59.5)

114 (61.0)

162 (8.7)

127 (7.6)

35 (18.7)

Positive

684 (36.8)

632 (37.8)

52 (27.8)

Negative

1026 (55.1)

923 (55.1)

103 (55.1)

151 (8.1)

119 (7.1)

32 (17.1)

Negative
Not known

Participants
Reporting
Current
Diagnosis in
the Positive
Screening
Group,
No./Total
Positive (%) b

Participants
Reporting
Current
Diagnosis,
No./Total
(%) b

240/1588 (15.1) 305/4787 (6.4)

-

59/272 (21.7) 297/4771 (6.2)

-

20/264 (7.6)

141/1812 (7.8)

-

Insomnia (mild, moderate, or severe)

Not known
Excessive waketime sleepiness or insomnia
(mild, moderate, or severe)
Positive

1004 (53.9)

927 (55.4)

77 (41.2)

Negative

692 (37.2)

617 (36.9)

75 (40.1)

Not known

165 (8.9)

130 (7.8)

35 (18.7)

Wake-time drowsiness and insomnia
(mild, moderate, or severe) d
Positive
Negative
Not known
Restless legs syndrome
Positive
Negative
Not known
Narcolepsy with cataplexy
Positive
Negative
Not known

47 (2.5)

45 (2.7)

2 (1.1)

1787 (96.0)

1603 (95.8)

184 (98.4)

27 (1.5)

26 (1.6)

1 (0.5)

-

-

-

70 (1.6)

64 (1.7)

6 (1.0)

4063 (94.5)

3470 (94.0)

593 (98.0)

-

165 (3.8)

159 (4.3)

6 (1.0)

16 (0.4)

16 (0.4)

0 (0)

4158 (96.7)

3553 (96.2)

605 (100)

-

124 (2.9)

124 (3.4)

0 (0)

24/70 (34.3) 154/4759 (3.2)

0/16 (0)

10/4743 (0.2)

a Participants from the municipal police department were screened only for obstructive sleep apnea.
b Some participants did not provide sufficient information to determine whether they had a sleep disorder diagnosis. Percentages are calculated from those who answered. Missing

data are as follows: obstructive sleep apnea, 170; insomnia, 186; shift work disorder, 197; restless legs syndrome, 198; and narcolepsy with cataplexy, 214.

c For shift work disorder, percentages represent the number of individuals reporting the symptom divided by the number who reported working at least 1 night shift during the month

before completing the survey (n=1861). Night shift was defined as work hours that included at least 6 hours between 10 PM and 8 AM. Percentage of respondents reporting
symptoms consistent with shift work disorder taking only those with sufficient information to determine risk in all 3 definitions is presented in eTable 10 (available at http://www
.jama.com).
d Wake-time drowsiness is 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.
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disorder, (ie, excessive wake time
sleepiness or insomnia), 1004 (53.9%)
of the police officers who work night
shifts screened positive. Considering
only those who showed both insomnia and night work–associated drowsiness (defined as a moderate to high
chance of falling asleep while driving
after working nights compared with
never or a slight chance during days off,
and moderate to high chance of falling asleep during night shift compared with never or slight chance during day shift), 47 (2.5%) on the night
shift screened positive. To examine associations between positive sleep disorder screening and health and safety
outcomes, the last definition of shift
work disorder was used.
Higher proportions of participants in
the online and in the on-site municipal police department cohorts screened
positive for OSA than in the onsite state
police department cohort: 36.0% (95%
CI, 34.5%-37.6%) for the online co-

hort, 32.2% (95% CI, 28.6%-35.7%) for
the municipal police cohort vs 20.3%
(95% CI, 17.1%-23.5%) for the state police cohort. The state police cohort also
reported a significantly lower mean
(SD) BMI of 27.7 (3.6) than the municipal police cohort of 28.9 (4.6;
P⬍.001) and the online cohort of 28.8
(4.8; P⬍.001). (BMI is calculated as
weight in kilograms divided by height
in meters squared.) Most participants
who screened positive did not report a
current diagnosis of the disorder
(Table 2).
Positive Sleep Disorder Screening
and Self-Reported Comorbid
Conditions: Cross-Sectional Analysis

Positive screening for any sleep disorder was associated with increased risk
of reported health- and safety-related
outcomes: 203 (10.7%) of those who
tested positive for a sleep disorder reported having depression vs 37 (4.4%)
of those who did not screen positive

(adjusted OR, 2.20; 95% CI [1.523.19]); 399 (34.1%) of the positivescreen group reported burnout (emotional exhaustion) vs 89 (17.9%) in the
negative-screen group (adjusted OR,
2.85 [95% CI, 2.16-3.77]), and 388
(20.0%) in the positive-screen group reported falling asleep while driving vs
66 (7.7%) in the negative-screen group
(adjusted OR, 3.79 [95% CI, 2.795.14]). Several of the secondary outcomes were also significantly associated with positive screening for sleep
disorder, specifically gastrointestinal
tract disorder, anxiety disorder, pharmacotherapy for insomnia, health status, and burnout (depersonalization)
(TABLE 3 and eTable 4 available at
http://www.jama.com).
Because OSA was the most prevalent disorder reported, we examined
associations between positive OSA
screening results and risk of reported
health- and safety-related outcomes. In
addition to the risks observed with posi-

Table 3. Comorbidities and Adverse Health Outcomes Associated With Positive Sleep Disorder Screening Result (N = 4957)
Positive Result in
Participants With Positive
Sleep Disorder
Screening, No. (%)

Adjusted
Missing-Indicator
Method b

Adjusted b

Unadjusted

Positive
Screening

Negative
Screening a

OR (95% CI)

P
Value

OR (95% CI)

P
Value

OR (95% CI)

P
Value

Primary outcomes
Diabetes c
Depression c
Burnout (emotional exhaustion) d
Fall asleep while driving after work
Moderate-high vs never
Slight vs never

86 (4.5)
203 (10.7)
399 (34.1)

15 (1.8)
37 (4.4)
89 (17.9)

2.56 (1.47-4.47)
2.57 (1.79-3.69)
2.38 (1.83-3.08)

⬍.001
⬍.001
⬍.001

1.05 (0.58-1.92)
2.75 (1.66-4.56)
2.87 (2.17-3.80)

.87
⬍.001
⬍.001

1.06 (0.58-1.94)
2.20 (1.52-3.19)
2.85 (2.16-3.77)

.85
⬍.001
⬍.001

388 (20.0)
833 (43.0)

66 (7.9)
396 (47.1)

3.11 (2.33-4.15)
1.11 (0.94-1.32)

⬍.001
.23

4.64 (3.12-6.94)
1.50 (1.18-1.90)

⬍.001
.001

3.79 (2.79-5.14)
1.16 (0.96-1.41)

⬍.001
.11

Secondary outcomes
CVD c
GI tract disorder c

57 (3.0)
445 (23.1)

9 (1.1)
122 (14.6)

2.84 (1.40-5.76)
1.76 (1.41-2.19)

.004
⬍.001

1.45 (0.69-3.04)
1.47 (1.11-1.95)

.33
.007

1.45 (0.69-3.04)
1.44 (1.14-1.81)

.33
.002

197 (10.3)
244 (18.3)

29 (3.5)
71 (12.7)

3.18 (2.14-4.74)
1.55 (1.17-2.06)

⬍.001
.003

3.02 (1.75-5.19)
1.87 (1.37-2.55)

⬍.001
⬍.001

2.78 (1.85-4.19)
1.86 (1.37-2.54)

⬍.001
⬍.001

164 (12.3)
1051 (79.1)
1099 (55.2)
608 (50.4)

50 (8.9)
473 (84.3)
268 (31.8)
214 (42.6)

1.09 (0.67-1.78)
0.74 (0.51-1.09)
2.64 (2.23-3.13)
1.37 (1.11-1.68)

.72
.12
⬍.001
.004

1.10 (0.67-1.80)
0.71 (0.48-1.05)
1.76 (1.40-2.22)
1.60 (1.28-1.99)

.72
.08
⬍.001
⬍.001

1.05 (0.64-1.71)
0.73 (0.50-1.07)
1.75 (1.44-2.11)
1.60 (1.29-1.99)

.85
.11
⬍.001
⬍.001

Anxiety disorder c
Pharmacotherapy for insomnia e
Caffeine, serving/24 h
ⱖ7 vs 0
1-6 vs 0
Lower health status f
Burnout (depersonalization) d

Abbreviations: CVD, cardiovascular disease; GI, gastrointestinal.
a Negative sleep disorder screening was defined as not meeting criteria for all 5 of the sleep disorders assessed (missing screening outcomes not included). We examined associations separately for obstructive sleep apnea and not for other sleep disorders because the sample sizes for those disorders were substantially less, reducing statistical power.
b Adjusted for age, sex, body mass index, hypertension, cigarette smoking, alcohol consumption, primary police activity, second job, mean total work hours per week, night shift
work, and shift rotation. Variables included in each model are in eTable 4.
c Yes vs never or not now.
d High vs low to moderate.
e Takes at least 1 to 2 times a week vs never or 1 to 2 a month.
f Poor to good vs very good to excellent.
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Table 4. Comorbidities and Adverse Health Outcomes Associated With Positive Obstructive Sleep Apnea Screening Result (N = 4957)
Positive Result in
Participants With Positive
Sleep Disorder
Screening, No. (%)

Primary outcomes d
Diabetes
Depression
Burnout (emotional exhaustion)
Falling asleep while driving after work
Moderate-high vs never
Slight vs never
Secondary outcomes
CVD
GI tract disorder
Anxiety disorder
Pharmacotherapy for insomnia
Caffeine, serving/24 h
ⱖ7 vs 0
1-6 vs 0
Lower health status
Burnout (depersonalization)

Adjusted
Missing-Indicator
Method b

Adjusted b

Unadjusted

Positive
Screening

Negative
Screening a

OR (95% CI)

P
Value

OR (95% CI)

P
Value

OR (95% CI)

P
Value

84 (5.3)
176 (11.2)
332 (34.0)

46 (1.5)
145 (4.6)
408 (20.6)

3.77 (2.62-5.43)
2.59 (2.06-3.25)
1.98 (1.67-2.35)

⬍.001
⬍.001
⬍.001

2.10 (1.26-3.50)
2.76 (2.00-3.82)
2.74 (2.22-3.37)

.005
⬍.001
⬍.001

1.61 (1.05-2.47)
2.48 (1.93-3.19)
2.69 (2.19-3.31)

.03 c
⬍.001
⬍.001

283 (17.6)
713 (44.4)

364 (11.7)
1244 (40.0)

1.92 (1.60-2.30)
1.42 (1.24-1.61)

⬍.001
⬍.001

2.31 (1.83-2.92)
1.39 (1.18-1.64)

⬍.001
⬍.001

2.26 (1.83-2.80)
1.44 (1.24-1.68)

⬍.001
⬍.001

54 (3.4)
387 (24.2)
162 (10.3)
199 (17.8)

30 (1.0)
420 (13.4)
151 (4.8)
253 (11.3)

3.68 (2.34-5.77)
2.07 (1.77-2.41)
2.25 (1.79-2.84)
1.70 (1.39-2.08)

⬍.001
⬍.001
⬍.001
⬍.001

1.96 (1.07-3.59)
1.74 (1.42-2.13)
2.23 (1.60-3.09)
2.19 (1.71-2.81)

.03
⬍.001
⬍.001
⬍.001

1.95 (1.20-3.18)
1.72 (1.45-2.03)
2.02 (1.57-2.60)
2.18 (1.70-2.78)

.007
⬍.001
⬍.001
⬍.001

141 (12.6)
894 (79.9)
981 (59.2)
505 (49.9)

164 (7.3)
1804 (80.3)
1015 (31.9)
822 (40.9)

2.86 (2.05-3.98)
1.65 (1.27-2.13)
3.10 (2.74-3.51)
1.44 (1.23-1.67)

⬍.001
⬍.001
⬍.001
⬍.001

2.36 (1.67-3.34)
1.49 (1.14-1.95)
1.82 (1.52-2.19)
1.59 (1.36-1.87)

⬍.001
.004
⬍.001
⬍.001

1.94 (1.32-2.85)
1.28 (0.96-1.73)
1.85 (1.60-2.15)
1.62 (1.37-1.91)

⬍.001
.10
⬍.001
⬍.001

Abbreviations: CVD, cardiovascular disease; GI, gastrointestinal; OR, odds ratio; OSA, obstructive sleep apnea.
a Negative sleep disorder screening was defined as not meeting criteria for all 5 of the sleep disorders assessed (missing screening outcomes not included). We examined associations separately for OSA and not for other sleep disorders because the sample sizes for those disorders were substantially less, reducing statistical power.
b Adjusted for age, sex, body mass index, hypertension, cigarette smoking, alcohol consumption, primary police activity, second job, mean total work hours per week, night shift
work, and shift rotation. Variables included in each model are in eTable 4.
c Not significant when significance level is adjusted for multiple comparisons (P=.0125).
d For response ranges for each variable see Table 3.

Excessive Sleepiness

At baseline, 1312 of 4608 participants
(28.5%) who completed the ESS had
scores of 11 or higher, which means that
they experienced excessive sleepi-

Figure 2. Epworth Sleepiness Scale Scores
12

Sleep disorder
screening outcome
Negative
Positive

10

8

Participants, %

tive screening results for any sleep disorder, positive OSA screening was also
associated with a diagnosis of diabetes, 84 (5.3%) of the positive-screen
group vs 46 (1.5%) in the negativescreen group (adjusted OR, 1.61 [95%
CI, 1.05-2.47]; of cardiovascular disease: 54 participants (3.4%) vs 30 (1.0%;
adjusted OR, 1.95 [95% CI, 1.203.18]); and high caffeine consumption: 141 (12.6%) vs 164 (7.3%;
adjusted OR, 1.94 [95% CI, 1.322.85]) (T ABLE 4). All of these outcomes were statistically significant when
adjusted for potential confounders;
however, when adjusted for missing values using the missing indicator method,
the significance level for diabetes
(P =.03) fell short of statistical significance when accounting for multiple
comparisons (P=.0125).
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Epworth Sleepiness Scale Score

Epworth sleepiness scale scores range from 0 to 24, with the higher values representing increasing sleepiness.
The vertical dashed line represents the cut off for excessive sleepiness. Positive sleep disorder screening result
was defined as meeting criteria for any of the sleep disorders assessed. A screening result negative for a sleeping disorder was defined as not meeting criteria for any of the sleep disorders assessed.

ness.23 Of the total 4957 baseline survey respondents, 2276 (45.9%) reported having nodded off or fallen
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asleep while driving; 1294 of these
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least 1 to 2 times a month; and 307
(13.5%, representing 6.2% of the total
cohort) reported falling asleep while
driving at least 1 to 2 times a week.
Those who screened positive for a
sleep disorder also had a higher mean
(SD) ESS score than those who did not
(9.65 [4.25] vs 7.63 [3.80]; P ⬍.001,
FIGURE 2). Furthermore, 38.6% (95%
CI, 36.4%-40.8%) of those who
screened positive for any sleep disorder had an ESS score of 11 or higher
vs 21.5% (95% CI, 19.9%-23.0%;
P⬍ .001) of those who did not.
Sleep Disorder Risk and
Self-Reported Performance:
Prospective Analysis

During the 2-year follow-up, 15 735
monthly surveys were collected, 6587
person-months with positive screens for
sleep disorders and 9148 with nega-

tive screens for a sleep disorder. Of the
participants who screened positive for
any sleep disorder and responded to the
question, 17.9% reported making important administrative errors vs 12.7%
of those who screened negative (adjusted OR, 1.43; 95% CI, 1.23-1.67),
14.4% vs 9.2% reported falling asleep
while driving (adjusted OR, 1.51; 95%
CI, 1.20-1.90), and 23.7% vs 15.5% reported making errors or committing
safety violations due to fatigue (adjusted OR, 1.63; 95% CI, 1.43-1.85;
TABLE 5 and eTable 5 available at http:
//www.jama.com). Similarly, 34.1% vs
28.5% reported having uncontrolled anger toward a citizen or suspect (adjusted OR, 1.25; 95% CI, 1.09-1.43),
11.2% vs 9.4% incurring citizen complaints (adjusted OR 1.35; 95% CI,
1.13-1.61), 26.0% vs 20.9% absenteeism (adjusted OR, 1.23; 95% CI, 1.08-

1.40), and 14.1% vs 7.0% falling asleep
during meetings (OR, 1.95; 95% CI,
1.52-2.52). When these outcomes were
analyzed as continuous variables rather
than as dichotomized outcomes), the
results were similar (eTable 6 and
eTable 7).
To address possible reporting bias,
we calculated these ratios for the 459
police officers who completed at least
1 year of monthly surveys (5508 person-months; eTable 8). The results were
comparable, although falling asleep
while driving and occupational injury
did not reach statistical significance in
the smaller sample.
Two hundred eighty-seven participants reported being in a motor vehicle crash during the follow-up period. Motor vehicle crashes were more
likely to be reported by those who reported falling asleep while driving (29

Table 5. Self-reported Performance and Safety Outcomes and Attentional Failures Associated With Positive Sleep Disorder Screening (N = 3545) a

Primary outcomes
Serious administrative error, actual
Fall asleep while driving
Error or safety violation attributed
to fatigue
Occupational injury
Secondary outcomes
Uncontrolled anger toward suspect
or citizen
Citizen complaints
Commendations
Serious administrative
error, near-miss
Absenteeism
Error or safety violation, not
attributed to fatigue
Fall asleep
During meetings
On the telephone
While stopped in traffic

Positive
Result in
Positive
Screening
Group,
No. of
PersonMonths,
(%) b

Positive
Result in
Negative
Screening
Group,
No. of
PersonMonths,
(%) b

OR (95% CI)

P
Value

OR (95% CI)

P
Value

OR (95% CI)

P
Value

861 (17.9)
626 (14.4)
1470 (23.7)

864 (12.7)
535 (9.2)
1334 (15.5)

1.39 (1.20-1.62)
1.58 (1.27-1.97)
1.76 (1.55-1.99)

⬍.001
⬍.001
⬍.001

1.59 (1.29-1.94)
1.46 (1.16-1.84)
1.79 (1.49-2.14)

⬍.001
.001
⬍.001

1.43 (1.23-1.67)
1.51 (1.20-1.90)
1.63 (1.43-1.85)

⬍.001
⬍.001
⬍.001

272 (5.9)

316 (4.7)

1.23 (1.01-1.51)

.04

1.19 (0.95-1.50)

.13

1.22 (1.01-1.49)

⬍.05 d

1669 (34.1)

1927 (28.5)

1.21 (1.07-1.38)

.003

1.12 (0.94-1.33)

.22

1.25 (1.09-1.43)

.001

520 (11.2)
1056 (22.2)
949 (19.9)

621 (9.4)
1581 (23.1)
950 (14.1)

1.24 (1.04-1.48)
1.00 (0.87-1.15)
1.48 (1.28-1.71)

.02
.97
⬍.001

1.29 (1.04-1.60)
1.04 (0.88-1.23)
1.51 (1.22-1.88)

.02
.64
⬍.001

1.35 (1.13-1.61)
1.02 (0.89-1.18)
1.55 (1.32-1.80)

⬍.001
.76
⬍.001

1466 (26.0)
361 (5.8)

1641 (20.9)
380 (4.4)

1.26 (1.12-1.42)
1.36 (1.12-1.63)

⬍.001
.002

1.26 (1.09-1.47)
1.30 (1.04-1.63)

.003
.02

1.23 (1.08-1.40)
1.32 (1.09-1.60)

.002
.004

393 (14.1)
144 (3.3)
474 (11.0)

265 (7.0)
98 (1.7)
423 (7.3)

1.97 (1.53-2.55)
1.96 (1.26-3.06)
1.39 (1.09-1.76)

⬍.001
.003
.007

2.26 (1.67-3.07)
1.89 (1.15-3.10)
1.34 (1.04-1.74)

.001
.012
.02

1.95 (1.52-2.52)
1.86 (1.20-2.89)
1.38 (1.08-1.76)

⬍.001
.005
.009

Adjusted
Missing-Indicator
Method c

Adjusted c

Unadjusted

a 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. Negative sleep
disorder screening was defined as not meeting criteria for the sleep disorders assessed (missing screening outcomes included). Variables included in each model are in eTable
5.
b Missing data and negative outcomes for these variables are not shown.
c Odd ratios were adjusted for sex, age, body mass index, primary police activity, shift rotation, second job, number of night shifts worked, mean total work hours per week, and
monthly sleep.
d Not significant when significance level is adjusted for multiple comparisons (P=.0125).
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of 180 person-months) than by those
who did not (1132 of 9980 personmonths; risk ratio [RR], 1.49 [95% CI,
1.01-2.20]; P⬍.05) or by those who reported falling asleep while stopped in
traffic (25 of 177 person-months) than
by those who did not (872 of 9898 person-months; RR, 1.68 [95% CI, 1.112.55], P=.01).
Polysomnography Assessment

Of the 126 completed polysomnograph
studies, 116 had complete data available.
Forty-four of 54 participants who underwent polysomnography assessment and
whoscreenedpositiveforOSAonthesurvey (positive predictive value, 81.5%)
were classified by the assessment as having mild to moderate, moderate to severe,
or severe OSA compared with 28 of 60
(46.7%) of those who screened negative.
Eleven of 60 (18.3%) of those who
screened negative were found to have
moderate to severe or severe OSA
(eTable 9 available at http://www.jama
.com). We found that 35 of 44 (positive predictive value, 79.5%) of participants with a BMI of 30 or higher and 11
of 12 (positive predictive value, 91.6%)
of participants with BMI of 35 or higher
had mild to moderate, moderate to severe, or severe OSA (eTable 9).
COMMENT
Sleep disorders are common and are
largely undiagnosed and untreated in
North American police officers. Our
comprehensive sleep disorders screening program found that 40.4% of police officers reported symptoms consistent with at least 1 sleep disorder. The
majority reported not having been diagnosed in the past or not taking regular treatment. Obstructive sleep apnea
was the most prevalent disorder, with
one-third of officers screening positive. Given that obesity is a major risk
factor for OSA3 and that one-third of our
sample had a BMI of 30 or higher, the
high prevalence of OSA could be anticipated but is nevertheless a concern.
There are several factors that might account for the lower prevalence of OSA
in the state police department cohort, including their lower reported BMI and the

department’s physical fitness program,
which provides fitness facilities and the
opportunity to exercise at all stations
during paid work time and job performance standards associated with physical ability.
The OSA prevalence in our sample
is comparable with recent reports,32,33
but higher than reported 2 decades
ago.34 Although only a subset of patients with OSA report excessive sleepiness, many describe related symptoms (eg, fatigue, nonrestorative sleep,
inattention). The prevalence of OSA
without a complaint of excessive sleepiness, even in 1993, was 24% in men and
9% in women.34 Today, it is likely even
higher, given that the prevalence of
some of the major risk factors for OSA
(eg, aging and obesity) is increasing. In
2009, self-reported obesity prevalence
in the United States was 26.7%, up from
19.8% in 2000.35 In addition, recent improvements in diagnostic technology
would likely yield higher apnea prevalence estimates.
Although in-the-line-of-duty death
rates in police have decreased by
almost half since 1972, the proportion
of deaths due to unintentional injury
have shown little change and in 2003
were greater than the rate of felonious
deaths.14 Across 2009-2010, more than
one-third of in-the-line-of-duty deaths
were due to motor vehicle crashes.36
Driver sleepiness is a major cause of
motor vehicle crashes, 3 and excessively sleepy individuals have an
increased risk of having more crashes
and more serious crashes.37 Obstructive sleep apnea exposes individuals to
increased sleepiness and a 2- to 3-fold
higher risk of motor vehicle crashes.8
We found that excessive sleepiness is
common in police officers, with
almost half reporting having fallen
asleep while driving and about onequarter reporting that this occurs 1 to
2 times per month. This is despite
police officers apparently recognizing
the dangers associated with drowsy
driving; in a survey of North American
police officers, almost 90% regarded
drowsy driving to be as dangerous as
drunk driving.38

©2011 American Medical Association. All rights reserved.

Police officers who screened positive for a sleep disorder were likely to
report more actual and near-miss administrative errors and safety violations. The loss of even 2 hours of nightly
sleep for 1 week is associated with decrements in performance comparable
with those seen after 24 hours of continuous wakefulness.3 Sleep disorders
resulting in chronic sleep deficiency
may therefore adversely affect on-thejob performance. Because long work
hours are also associated with decrements in performance and attentional
failures,13,14 we adjusted for mean work
hours in our analysis (eTable 5 ).
There may be a biological basis to our
finding that those who screened positive for a sleep disorder were significantly more likely to report displaying
uncontrolled anger toward a citizen or
suspect. Yoo et al39 studied changes in
the amygdala with functional magnetic
resonance imaging and reported that
those in a sleep deprived state were unable to appropriately govern behavioral
responses to negative emotional stimuli.
This may also explain the self-reported
increased number of citizen complaints
filed against those officers who screened
positive for a sleep disorder, although further studies are required to test this potential mechanism.
Cardiovascular disease–related morbidity and mortality and vascular markers associated with these are increased in
police officers, and these increases are not
fully explained by traditional risk factors.40,41 We found significantly increased
risk of diagnosed cardiovascular disease
and diabetes in those who screened positive for OSA, which is recognized as a major risk factor for cardiovascular disease,
diabetes, hypertension, and stroke, independent of obesity.3,6,42,43 Untreated OSA
may therefore contribute to the increased
prevalence of cardiovascular disease and
diabetesinpolice.Furthermore,sleeploss
is associated with metabolic abnormalities and may be the pathway contributing to sleep-related increases in the risk
of obesity and diabetes.3 Many police officers are at an even greater risk of these
outcomes because they are often required
to work overnight, on rotating shifts, or
JAMA, December 21, 2011—Vol 306, No. 23

Corrected on December 20, 2011

Downloaded from jama.ama-assn.org at Eastern Virginia Med College on January 9, 2012

2575

SLEEP DISORDERS IN POLICE OFFICERS

both.Impairedcardiometabolicresponses
are observed in healthy volunteers scheduled to eat and sleep out of phase from
their habitual times,44,45 and night work
greatly increases the risk of progression
to diabetes.46 These findings may at least
in part explain the increased risk of cardiovascular disease and diabetes in shift
workers,47 in particular police officers.48
We note, however, that although we adjusted our analysis for many of the possible variables that influence cardiovascular disease risk, behavioral factors such
as physical activity and diet were not assessed and may also account for the observed increased risk.
Ourfindingofincreasedriskofadverse
mental health outcomes (diagnosed depression and risk of burnout) with positive screening for sleep disorders has significant implications, given the reported
increased risk for suicide in police officers.49 Obstructivesleepapnea,inparticulartheexcessivesleepinesssymptoms,and
insomniaareassociatedwithdepression.9
Research has also demonstrated relationshipsbetweensleeplossandmentalhealth
problems.Residentphysicians,whowork
protractedhoursasdopoliceinmanymunicipalities,14 have been found to have
rates of depression and burnout roughly
double those in the general population.50
Depressionandburnouttypicallydevelop
over the first several months of residency
as sleep loss increases51 and are associated with making more errors.50 By analogy, officers who are burned out may be
at increased risk of making mistakes on
the job, which could compromise public safety; however, further studies will
be needed to determine whether this is
in fact the case.
This study had several limitations. By
collecting data on a monthly basis, we
attempted to reduce, but could not eliminate, the effect of recall bias. Performance outcomes and attentional failures
were self-reported and therefore may
be overreported or underreported. Although participants were assured of confidentiality, underreporting of workrelated outcomes may have occurred,
possibly due to the stigma associated
with these. Additionally, reporting bias
could have confounded the results if
2576 JAMA, December 21, 2011—Vol 306, No. 23

participants preferentially completed
monthly surveys after having had a negative health or safety outcome. However, analysis of a subgroup that completed a full year of monthly surveys
yielded a similar pattern of results. Because response rate could not be determined for this study, it is possible that
those who participated may not be
representative of all North American police officers, although demographic characteristics in municipal police department responders were similar to the
entire department. The magnitude of difference in absolute risk of some of the
outcomes we assessed was relatively
small, and the clinical significance of
such differences is unknown. Although we observed a positive relationship between sleep disorders screening
result and health and safety outcomes
(Table 3), the cross-sectional analysis
cannot determine causality. Hypertension and BMI are used in the Berlin questionnaire to identify those at high risk
of OSA, which could have contributed
to the observed association between OSA
risk and cardiovascular disease, even
though we adjusted for these variables
in our analyses. Finally, the shift work
disorder questionnaire remains to be
validated.
Questionnaire screening instruments are inherently less precise than
objective tests. Although the Berlin
questionnaire had a positive predictive value of 81.5% for detecting mild
to moderate, moderate to severe, or severe OSA, and negative predictive value
of 81.7% for those with moderate to severe or severe OSA, its performance in
predicting OSA in our study did not
match that reported initially.19 Several
factors likely account for this difference. First, the initial validation of the
Berlin quesionnaire was conducted
among individuals preselected with
high pretest probability for OSA, such
as sleep clinic populations.19 Second, the
techniques we used to record breathing abnormalities are much more sensitive than those used in many previous studies on the prevalence of sleep
apnea,34,52 including the initial studies
used to validate the Berlin question-

naire in a sleep clinic population.19
Third, different criteria are now used
for the definition of hypopnea,53 influencing respiratory disturbance index
values.54 As a result of these increases
in sensitivity, sleep apnea would now
be detected in many individuals who
were classified as not having sleep apnea in the initial validation studies for
the Berlin questionnaire.19 This may explain why in our study the positive predictive value remained high for all levels of sleep apnea severity, whereas the
negative predictive value was high only
for those with more severe illness.
Moreover, excessive sleepiness is a criterion for positive screening on the Berlin questionnaire, and given that our
sample had high incidences of night
shift work and chronic sleep loss, it is
possible that excessive sleepiness associated with behaviorally induced insufficient sleep syndrome,55 shift work
disorder, or OSA were being detected.
The utility of the Berlin questionnaire
in predicting outcomes in our study
may thus have been due in part to the
clinical consequences of all 3 of these
sleep disorders; for this reason, we extended our prospective analysis to all
sleep disorders, rather than to OSA
alone. Research to develop more specific diagnostic questionnaires that
distinguish OSA from behaviorally
induced insufficient sleep syndrome
and shift work disorder would be useful because the therapeutic interventions differ.
In conclusion, a large proportion of
police officers in our sample showed a
positive sleep disorder screening result, which was associated with adverse health, safety, and performance
outcomes. Further research is needed
to determine whether sleep disorder
prevention, screening, and treatment
programs in occupational settings will
reduce these risks.
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