ICSM
Journal of Clinical

Sleep Medicine

Systematic Review of Motor Vehicle Crash Risk in Persons With Sleep Apnea

Ruth LB, Ellen, M.D., B.Sc.: Shawn C. Marshall, M.D., M.Sc.2%; Mark Palayew, M.D.C.M.55; Frank J. Molnar, M.D.C.M., M.Sc.'#* Keith G. Wilson, Ph.D., C.Psych.*
4+ Malcolm Man-Son-Hing, M.D., M.Sc. 24

{Geriatric Assessment Unit, Ottawa Hospital, Ottawa, Ontario, Canada; “Elisabeth Bruyere Research Institute, Sisters of Charity of Ottawa Health
Service, Ottawa, Canada; *The Rehabilitation Centre, Ottawa, Canada; *University of Ottawa, Ottawa, Canada; *SMBD- Jewish General Hospital,
Montreal, Quebec, Canada; ‘McGill University, Montreal, Canada

Study Objectives: To determine whether drivers with sleep apnea are at
increased risk of motor vehicle crash; whether disease severity, daytime
sleepiness, or both disease severity and daytime sleepiness affect this
risk, and whether treatment of sleep apnea reduces crash risk.

Design: Systematic review of published literature,

Setting: N/A.

Patients/participants: Patients with sleep apnea.

Interventions: N/A.

Measurements and Results: Forty pertinent studies were identified. For
studies investigating whether noncommercial drivers with sleep apnea
have increased crash rates, the majority (23 of 27 studies and 18 of 19
studies with control groups) found a statistically significant increased risk,
with many of the studies finding a 2 to 3 times increased risk. Methodo-
logic quality of the studies did not influence this relationship (p = .22). For
commercial drivers, only 1 of 3 studies found an increased crash rate,
with this association being weak (odds ratio of 1.3). The evidence was
mixed regarding whether the risk of crash involvement is proportional to

the severity of the sleep apnea, with about half of the studies finding a
statistically significant increased risk with increased severity. Correlation
with subjective daytime sleepiness and crash risk was also found in only
half of the studies reviewed. Treatment of sleep apnea consistently im-
proved driver performance (including crashes) across all studies.
Conclusions: Noncommercial drivers with sleep apnea are at a statisti-
cally significant increased risk of involvement in motor vehicle crashes.
Studies did not consistently find that daytime sleepiness and the severity
of sleep apnea were correlated with crash risk. Successful treatment
of sleep apnea improves driver performance. Clinicians should educate
their patients with sleep apnea about the importance of treatment adher-
ence for driving safety.
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¥ otor vehicle crashes are a major cause of morbidity and
L mortality. Estimates suggest that between 1% and 20% of
crashes are due to driver inattention associated with excessive
sleepiness.'"* Cognitive and perceptual difficulties can also con-
tribute to crashes and injuries.”® The symptoms of some respi-
ratory diseases, especially sleep apnea, can manifest themselves
with these difficulties. The sleep of persons with sleep apnea is re-
peatedly disrupted by arousals that relieve upper airway obstruc-
tion. This phenomenon may lead to daytime fatigue and drowsi-
ness resulting in impaired attention and vigilance. This has led
numerous investigators to study the association of the presence
of sleep apnea with the risk of motor vehicle crash. Other authors
have reviewed this body of work,™" including 1 group'* who per-
formed a limited meta-analysis of 6 studies. To our knowledge, a
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comprehensive systematic review of studies investigating the re-
lationship of sleep apnea and motor vehicle crashes has not been
published.

Further complicating this issue is that clinicians are often man-
dated by law to determine the medical fitness to drive of their
patients.'""* A more complete synthesis of the research findings
related to the crash risk in persons with sleep apnea may allow
future versions of widely used North American guidelines''
to provide more practical and specific recommendations for the
driving assessment of these patients. Therefore, the objective of
this study is to systematically review the literature in order to
answer the following questions:

1. Are drivers with sleep apnea at increased risk of being
involved in motor vehicle crashes, and, if so, what is the
strength of this association?

2. If there is an increased crash risk in persons with sleep
apnea, does the severity of disease, the presence of daytime
sleepiness, or a combination of disease severity and daytime
sleepiness increase this risk?

3. Does treatment of sleep apnea reduce crash risk?

METHODS
Identification of Studies

Relevant data were gathered by performing systematic litera-
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ture searches using MEDLINE (January 1966 to December 2005),
Embase, CINAHL, Psychinfo, Ageline, and Sociofile computer-
ized databases. Pertinent articles were identified by using the fol-
lowing key words (human and English language only): driving,
motor vehicle crashes, accidents, sleep apnea, sleep, drowsiness,
and risk factors. The bibliographies of each identified, possibly
pertinent article were hand searched to identify additional articles.
Content experts were also consulted to identify other relevant
published work. Only articles reporting primary data relevant to
the above questions were included.

Extraction of Data

Pertinent data, as listed in Tables 1, 2, and 3, were extracted
from each relevant article. In order to judge the methodologic
quality of the included studies, the Newecastle-Ottawa (N-O)
Quality Assessment Scale' (scale from 0-9 with higher scores in-
dicating higher methodologic quality) was applied to the pertinent
case-control and cohort studies. Studies were trichotomized into 3
groups: higher (N-O score of 6-8), medium (N-O score 4-5), and
Jower (N-O score of 2-3) quality. With no validated scale avail-
able to assess the methodologic quality of nonrandomized inter-
vention trials, no quality assessment was performed for studies
assessing the effectiveness of different treatment modalities for
sleep apnea to reduce motor vehicle crash risk. Two independent
reviewers (RE and MM) extracted data from each article, with
any differences resolved by collaborative review.

Statistical Analysis

A Fisher exact test was performed to test the effect of meth-
odologic quality of the studies on the results. Review of the per-
tinent studies revealed substantial heterogeneity in the designs,
inclusion criteria, sleep-apnea definitions, and outcome measures.
Therefore, no attempt was made to synthesize their results quan-
titatively.

RESULTS
Identification of Studies

Forty-one relevant studies'™” were identified. One article® ap-
peared to report on the same drivers with sleep apnea as another
article' and was excluded. Two publications®™" each reported on
the results of 2 relevant and separate studies. Data from these 4
studies were extracted and included.

General Characteristics of Studies

The included studies were quite heterogeneous in their study
designs and methodologies. Most of the studies recruited partici-
pants from specialized sleep laboratories, with a few sampling
from general populations. Many different methods of determin-
ing the diagnosis of sleep apnea were employed, ranging from
the use of different cut-off levels on objective measures such as
the apnea-hypopnea index (AHI), to a purely clinical diagnosis
(e.g., the presence of a triad of snoring, sleep disturbance, day-
time sleepiness). The studies varied in their method of determin-
ing driving risk, including the examinations of state crash records,
self-reported crashes, and performance on driving simulators. The
studies based out of sleep laboratories varied markedly in sample
sizes, ranging from 6 to 460 cases. Multiple measures were em-
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ployed to determine subjective daytime sleepiness, with the most
common being the Epworth Sleepiness Scale (ESS).5*

Risk of Motor Vehicle Crash in Drivers with Sleep Apnea

A total of 30 studies in 28 journal articles'™ were identified
(Tables 1 and 2), with 27 studying noncommercial drivers from
the general population and 3 studying commercial drivers.

Studies Involving Noncommercial Drivers

Nineteen'”* studies (in 18 publications) used a case-control
design. In 18 of these studies,'™ cases were defined as those
having sleep apnea and were matched by age and sex with
controls. All 4 case-control studies'”?® that used the outcome of
state or insurance driving records found a statistically significant
association between sleep apnea and crashes (odds ratios [ORs]
varying from 1.3 to 7). Of the 6 studies using self-reported
crashes as the outcome measure, all but one? found a statistically
significant increased risk of crash (ORs varying from 2.7 to 13.3).
All 8 studies using driving-simulator performance as the outcome
measure found worse performance in drivers with sleep apnea
compared with those without the disorder. There was 1 case-
control study™ with a different design than the others. In this
study, cases were drivers who presented to the emergency room
because of a motor vehicle crash and were compared with age-
and sex-matched controls who presented to the emergency room
for other reasons. The results showed that persons involved in
crashes were 7.2 times (95% confidence interval; 2.4, 21.8) more
likely to have sleep apnea (AHI > 10), a measure of the number
of apneic and hypopneic episodes that occur in an hour). Overall,
18 of 19 case-control studies found a statistically significant
correlation between the presence of sleep apnea and increased
crash risk.

There were 7 cohort studies® ! addressing this issue. In these
studies, selected groups of patients (often consecutive patients
referred to a sleep laboratory) with and without sleep apnea were
compared, with no attempt to match for sex and age. Both cohort
studies™ that used the outcome of state driving records found a
statistically significant increase in crash rates in those with sleep
apnea compared with those without sleep apnea. Three studies
used self-reported crash as the outcome measure, with 2 of these*”*
reporting a positive statistical correlation between sleep apnea
and crash (OR 2 to 3), and the other®™ not finding any correlation.
The 2 cohort studies™®* using driving-simulator performance as
their outcome measure found no statistical correlation between
sleep apnea and performance. Therefore, 4 of 7 cohort studies
found a statistical correlation between the presence of sleep apnea
and increased crash risk.

One cross-sectional study* used a population-based sample
of noncommercial drivers to examine the association between
sleep apnea and motor vehicle crashes. This survey" found that
men who self-reported the diagnosis of sleep apnea had an OR of
3.3 (95% confidence interval; 2.0, 4.9) of also reporting a recent
crash.

When all the above studies were categorized by outcome
measure used, 6 of 6 studies that used state driving record, 7 of 9
that used self-reported crash, and 8 of 10 using driving-simulator
performance found a positive statistical correlation between sleep
apnea and crash.

Trichotomizing the studies into 3 groups based on their N-O



Systematic Review Of Sleep Apnea And Crash

Table 1——Characteristics of Studies Examining Risk of Motor Vehicle Crash in Patients With Sleep Apnea

Author Year Quality Study Design  Setting Study population/ Outcome Sample size  Men, % Mean age, y
Scoret Diagnosis of SA Measures
George!? 1987 4 Case-control NR NR State driving record 27 cases, 100 49 42
(years not reported) 270 controls
Findley' 1988 6 Case-control  Sleep lab Al = 5 State driving record 29 cases, NR 47+ 12
x 5 years 35 controls
George" 1999 7 Case-control  Sleep lab AHI >10 State driving record 460 cases, 88 51412
% 5 years 581 controls
Barbe® 1998 7 Case-control  Sleep lab AHI>20 Insurance company 60 cases, 98 47 £ 1
records » 3 years 60 controls
Haraldson®* 1990 4 Case~control  ENT clinic Clinical triad Self-reported crash 140 cases, 100 48+ 9
of SA® x 5 years 142 controls
Horstmann® 2000 4 Case-control  Sleep lab AHI> 10 Self-reported crash 156 cases, 90 56+ 10
% 3 years 160 controls
Masa® 2000 7 Casc-control ~ Random Habitually Self-reported crash 107 cases, 87 41+ 11
Population sleepy x 5 years 109 controls
survey
Lloberes® 2000 5 Case-control  Sleep lab Referred for SA Self-reported crash 122 cases, 95 5149
x 5 years 40 controls
Aldrich® 1989 4 Case-control  Sleep lab Clinical diagnosis  Self-reported crash 181 cases, 100 50+ NR
(years not reported) 35 controls
Noda* 1998 4 Case-control  Sleep lab Clinical diagnosis  Self-reported crash 44 cases, NR 61+8
(years not reported) 27 controls
George?’ 1996 8 Case-control  Sleep lab  Clinical triad of SA*  Driving simulator 21 cases, 100 49+ 13
performance 21 controls
Findley™ (a) 1989 5 Case-control  Sleep lab  Clinical diagnosis, > Driving simulator 6 cases, 83 46 + 11
50 desaturations/h performance 7 controls
Findley*®(b) 1989 5 Case-control  Sleep lab Clinical diagnosis,  Driving simulator 12 cases, 75 50+ 14
> 50 desaturations/h performance 12 controls
Haraldson® 1990 5 Case-control NR Clinical triad of SA,*  Driving simulator 15 cases, 100 34 £ NR
sleepy while driving performance 10 controls
Findley® 1995 8 Case-control  Sleep lab AHI = 5, clinical Driving simulator 62 cases, 85 S1+1
triad of SAb performance 12 controls
Juniper™ 2000 5 Case-control  Sleep lab  Desaturations > 10,  Driving simulator 12 cases, 100 48 + NR
Epworth > 10 performance 12 controls
Risser® 2000 6 Case-control  Sleep lab AHI 2 20 Driving simulator 15 cases, 87 42+ 6
performance 15 controls
Hack™ 2001 4 Case-control  Sleep lab  Desaturations > 10,  Driving simulator 26 cases, NR 50+ NR
ESS > 10 performance 12 controls
Teran-Santos™ 1999 7 Case-control  Emergency Cases: involved AHI severity 102 cases, 77 44 + 10
Room in crash 152 controls
Findley* 1989 6 Cohort Sleep lab  Consecutive referred State driving record 46 NR NR
to sleep lab (years not reported)
Young™® 1997 7 Cohort Population AHl severity > 5 State driving record 913 59 45+ 8
based x 5 years
Shiomi*’ 2002 4 Cohort Sleep lab All referred to Self-reported crash 554 89 49 + 14
sleep lab x 5 years
Goncalves® 2004 4 Cohort Sleep lab  Consecutive referred  Self-reported crash 135 100 52+ 12
to sleep lab » 2 years
Wu* 1996 2 Cohort Sleep lab All referred to Self-reported crash 253 71 NR
sleep lab (years not reported)
Flemons* 1993 5 Cohort Sleep lab  Consecutive referred  Driving simulator 180 NR NR
to sleep lab performance
Turkington* 2001 3 Cohort Sleep lab  Consecutive referred  Driving simulator 150 83 50+11
to sleep lab performance
Powell* 2002 2 Cross~ Nonrandom  Self-reported SA  Self-reported crash 10,870 39 37+ 13
sectional population
based
Commercial Drivers
Stoohs* 1994 0 Cohort Truck 0O, desaturation  Self- and employer- 90 93 37+9
companies index > 10 reported crash » 5§ years
Howard* (a) 2004 5 Cross-  Random sample RDIZ Self-reported 161 99 48+ 9
sectional ESS = 11 crash x 3 years
Howard* (b) 2004 4 Cross-  Random sample  Questionnaire Self-reported 2342 99 42+ 10
sectional diagnosis crash » 3 years

SA refers to sleep apnea; ESS, Epworth Sleepiness Scale; AHI, apnea-hypopnea index; NR, not reported; ENT, ear, nose, and throat; RDI, respira-
tory disturbance index;

Newecastle-Ottawa Quality Assessment Scale.'®
*Snoring, sleep disturbance, and daytime sleepiness.
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Table 2—Findings of Crash Risk Studies

Author Findings Daytime Sleepiness

George'’ Increased crash risk (OR 2.1) NR

Findley'® Increased crash risk (OR 7) NR

George"? Increased crash risk (OR 1.3) NR

Barbe® Increased crash risk ESS not significantly correlated with crash
(OR 2.3 (95% C1. 1.0,5.3)

Haraldsson? Increased crash risk NR
(OR 6.8 for single-vehicle crashes)

Horstmann? Increased crash rate (OR 8.7) ESS not significantly correlated with crash

Masa® Increased crash risk ESS not significantly correlated with crash
(OR 13.3 (95% CI, 4.1-43)

Lloberes* Increased crash risk (OR 2.7) Significant correlation with crash

Aldrich? No increase risk of crash Significant correlation with crash (RR 2.6)

Noda? Increased crash risk (OR 4.6) ESS significantly correlated with crash

George™ Worse performance NR

Findley? (a) Worse performance NR

Findley?® (b) Worse performance NR

Haraldsson™ Worse performance NR

Findley® Worse performance NR

Juniper*! Worse performance NR

Risser® Worse performance NR

Hack® Worse performance NR

Teran-Santos™

Increased crash risk

(AHI = 10, OR 7.2 (95% CI; 2.4,21.8)

ESS not significantly correlated with crash

No significant correlation with crash

Significant correlation with crash
Epworth not significantly correlated

No significant correlation with crash
Epworth significantly correlated with crash

Correlation with severity of SA
NR

NR

Increased risk with AHI > 40

No significant correlation

Increased risk with severity of SA

Increased risk with severity of SA
No significant correlation with AHI

NR

Increased risk with severity of SA
NR

No significant correlation with AHI
NR

NR

NR

Increased risk with severity of SA
NR

NR

NR

No significant correlation with AHI

Increased risk with severity of SA
No significant correlation

Increased risk with severity of SA
No significant correlation with AHI

NR

No significant correlation with AHI
No significant correlation

Findley® Increased crash rate NR
Young?* Increased crash risk in men

(OR ~4) not women
Shiomi* Increased crash risk (OR 2-3)
Goncalves™ No increase risk of crash

with crash

Wu? Increased crash risk NR

(OR 2.6 (95% CI, 1.2-5.5)
Flemons* No correlation with performance
Turkington®! No correlation with performance
Powell* Increased crash risk

OR 3.3 (95% C1. 2.0-4.9)
Commercial Drivers

Stoohs* No increased risk of crash
Howard* (a) No increased risk of crash NR
Howard™ (b) Increased crash risk

(OR 1.30 (95% CI, 1.00-1.69)

Significant correlation with crash

ESS significantly correlated with crash

ESS significantly correlated with crash NR

No significant correlation
No significant correlation
No significant correlation

OR refers to odds ratio; ESS, Epworth Sleepiness Scale’; NR, not reported; 95% CI, 95% confidence interval; RR, relative risk; AHI, apnea-hypop-

nea index; SA, sleep apnea.

methodologic quality, 9 of 9 of the higher-quality, 11 of 14 on
the medium-quality, and 2 of 3 of the lower-quality studies found
a positive correlation between sleep apnea and crash. Fisher
exact testing revealed that this was not a statistically significant
difference (p = .22).

Studies Involving Commercial Drivers

There were 2 papers™* (involving 3 separate studies) investi-
gating crash risk in commercial drivers with sleep apnea. These
studies used self-reported crash as their outcome measure. They
found a weaker association between sleep apnea and crash risk
compared with those studying noncommercial drivers. Two of the
comniercial driver studies™* reported no statistical association
and one® found only a weak relationship (OR 1.3 (95% confi-
dence interval; 1.00,1.69).

Journal of Clinical Sleep Medicine, Fol. 2, No. 2, 2006

Risk Factors for Crashes
DAYTIME SLEEPINESS

Fifteen of the 30 studies (including the commercial driver stud-
ies) reported on the association of subjective daytime sleepiness
(often measured by the ESS) and risk of crash in drivers with
sleep apnea. In these studies, 8 (4 using the ESS) reported a sig-
nificant positive statistical correlation, and 7 (5 using the ESS) re-
ported no significant correlation between daytime sleepiness and
crashes. Categorization of these studies by quality found that T of
5 (0/3 using the Epworth) of the higher-quality, 5 of 8 (2/4 using
the ESS) of the medium-quality, and 2 of 2 (both using the ESS)
of the lower-quality studies found a positive statistical correlation
between sleepiness and crash risk. Fisher exact testing revealed a
slight trend toward studies with higher quality being more likely
to show no correlation between daytime sleepiness and crashes (p
= .18).



Table 3—Findings of Treatment Studies

Systematic Review Of Sleep Apnea And Crash

Author Year Intervention  Study Sctting Study Outcome Sample Men, % Mean  Findings with Daytime
Design Population  Measures size, no. age,y treatment  sleepiness
George 2001 CPAP  Case-control, Sleep AHI > 25, State 210 cases NR 5211 Crash rate NR
before-after  lab CPAP for driving 210 controls reduced
> 3 years record
Findley* 2000 CPAP  Before-after Sleep Diagnosed  State driving 50 86 56+2 Crash rate NR
fab SA record x reduced
2 years
Krieger 1997 CPAP  Before-after Sleep Diagnosed  Self-reported 893 87 57+ 11 Crash rate NR
lab SA crashes x reduced
1 year
Cassel® 1996 CPAP  Before-after  Sleep Sleep Self-reported 59 100 491 Crashrate  Improved
lab breathing crashes reduced
disorder x 5 years by 81%
Hack™ 2001 CPAP  Before-after Sleep  Desaturations  Simwulator 26 NR 50+NR  Improved NR
lab >10ESS>10  testing performance
George" 1997 CPAP  Case-control, Sleep AHI = 15 Simulator 17 cases 100 49+5 Improved  Improved
before-after  lab testing 18 controls performance
Findley® 1989 CPAP  Before-after Sleep =50 Simulator 6 50 53411 Improved NR
lab  desaturations/h  testing performance
Hack™ 2000 CPAP  Randomized Sleep  Desaturations  Simulator 59 100 50 Improved  Improved
lab 210, ESS = 10 testing performance
Yamamoto® 2000 CPAP  Before-after NR NR Simulator 39 100 NR Crash rate  Improved
testing reduced
Orth* 2005 CPAP  Belore-after  Sleep AHI= 5, Simulator 31 100 355+10 Improved NR
lab clinical testing performance
symptoms
Turkington® 2004 CPAP Non Sleep RD1> 50/,  Simulator 18 cases 94 5010 improved  Improved
randomized  lab ESS > 12 testing 18 controls performance
Haraldsson® 1993 UPPP  Case-control, NR Clinical triad® Self-reported 56 cases 100 55+9 Crashrate  Improved
before-after of SA with crashes 123 controls reduced
sleep attacks x5 yrs
Haraldsson® 1991 UPPP  Case-control, ENT Clinical Simulator 15 cases 100 54 (median) Improved NR
before-after  clinic triad® of SA testing 5 controls performance
Haraldsson® 1993 UPPP  Case-control, NR Clinical Simulator 13 cases 100 52:%&NR  Improved  Improved
Before-after triad® of SA testing 5 controls performance

with sleep attacks

CPAP refers to continuous positive airway pressure; UPPP, uvulopalatopharyngoplasty; AHI, apnea-hypopnea index; RDI, respiratory disturbance
index; ESS, Epworth Sleepiness Scale; NR, not rated; SA, sleep apnea; ENT, ear, nose, throat.

"Snoring, sleep disturbance, and daytime sleepiness.

SEVERITY OF THE SLEEP APNEA AND THE CrASH Risk

Most studies used the scores on the AHI to measure the sever-
ity of sleep apnea. In the 18 studies that reported on this relation-
ship, 7 demonstrated a significant positive statistical relationship
between the severity of disease and crash risk, and 11 did not. For
the studies finding a correlation, the strength of this association
was found to be approximately 2 fold.>? Categorization of these
studies by quality found that 3 of 10 (1/5 using the AHI) of the
higher-quality, 4 of 8 (0/2 using the AHI) of the medium-quality,
and 0 of 1 (not using the AHI) of the lower-quality studies found
a positive relationship between sleep-apnea severity and crash
risk. Fisher exact testing did not reveal any relationship between
methodological quality of the studies and a positive relationship

OTHER RISk FACTORS FOR CRASHES

Most studies did not identify risk factors for crashes in driv-
ers with sleep apnea other than subjective sleepiness and sever-
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ity of disease. For those that did, 1 study® reported finding no
correlation between crash rate and anxiety and depression symp-
toms in drivers with sleep apnea. Another study™ noted an asso-
ciation between electroencephalogram-recorded attention lapses
and poorer performance on a driving simulator. The only study
that compared male and female drivers with sleep apnea found a
statistically significant increased risk of crash in men but not in
women.*

TREATMENT OF SLEEP APNEA AND CRASH OR PERFORMANCE QUTCOMES
ConTinuous PosiTive AIRWAY PRESSURE

Eleven studies?***453 (Table 3) examined the efficacy of con-
tinuous positive airway pressure (CPAP) to prevent crashes. Only
I was a randomized controlled trial®® with the rest using non ran-
domized or before/after designs. In all of these studies, regard-
less of whether the outcome measure was state driving record,
self-reported crashes, or simulator performance, the use of CPAP
resulted in reduced crash rates or improved driver performance.
The study® wvsing state driving records as the outcome measure
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found that the crash rate in drivers using CPAP returned to the rate
of those of the general population.

UVULOPALATOPHARYNGOPLASTY

Three studies by Haraldsson et al,*-*¢ investigating the efficacy
of uvulopalatopharyngoplasty as treatment for sleep apnea, found
that patients’ performance on driving simulators, as well as their
self-reported crash rates, improved following the procedure (Ta-
ble 3).

DISCUSSION

This review systematically evaluated the evidence related to
the risk of involvement in motor vehicle crashes in persons with
sleep apnea. Of the 27 studies examining noncommercial drivers
that used various designs, settings, eligibility criteria, and out-
come Ineasures, 23 found that persons with sleep apnea are at
higher risk of crash, compared with persons who do not have the
disorder. The strength of the association between crash and sleep
apnea ranged from an OR of 1.3 to 13, with a median of 3.1. No
trend was found suggesting that the higher-quality studies were
more likely to find a positive correlation (p = .22).

When determining risk factors that increase the chance of
crash in persons with sleep apnea, there is some evidence (7 of
18 studies finding a positive correlation) that, the more severe the
sleep apnea (often measured by the AHI), the greater the risk of
crash. This result was not altered when the methodologic quality
of the studies was factored in. The studies that reported a positive
statistical found that persons with severe sleep apnea are about 2
to 3 times more likely to be involved in a crash, compared with
those with mild disease.

Interestingly, theresults showthatdaytimesieepiness,asymptom
of sleep apnea that intuitively seems likely to be associated with
crashes, is not consistently correlated (8 of 15 studies finding a
positive statistical correlation) with involvement in motor vehicle
crashes, A recent study™ also did not find differences in general
subjective sleepiness (as measured by the ESS) between persons
who have crashed (but did not necessarily have sleep apnea) and
those who have not crashed (p = .93). Therefore, clinicians should
be cautious in using the presence or absence of this symptom as
the sole factor in determining the fitness to drive of patients with
sleep apnea.

All 14 studies (including 1 randomized controlled trial) that
examined whether treatment of patients with sleep apnea, using
either CPAP or uvulopalatopharyngoplasty, reported that these
interventions lowered crash rates, possibly back to levels found in
the general population. Turkington et al* have shown that driver
performance improves as little as 2 days after starting therapy
with CPAP. For patients considering the use of CPAP, clinicians
can use this information to stress the importance of treatment
adherence to promote safe driving and perhaps maintenance of
driving privileges.

The participants in these studies were mostly men and aged
between 40 and 55 years. For this age group, the baseline yearly
crash rate in the general population is approximately 5 crashes
per 100 drivers,” suggesting that persons with sleep apnea have a
yearly crash rate of approximately 10 to 15 crashes per 100 drivers
with sleep apnea. Therefore, the additional annual attributable
crash risk due to sleep apnea is approximately 5 to 10 per 100
drivers with this condition.
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These crash rates are comparable with those of drivers who
have moderate to severe dementia® or who are driving with
blood alcohol levels of 0.05 to 0.79 mg/dL.? Since, at these
blood alcohol levels, many North American jurisdictions start to
mandate against driving,* it is reasonable for policy makers to
closely scrutinize the driving capabilities of patients with sleep
apnea, especially those who have not been treated successfully.

There are also indications that treatment of sleep apnea is cost-
effective, both in the North American'*% and European contexts.®
Data from George et al*’ showed that, for every 500 sleep apnea
patients who go untreated for 5 years, there will be an excess of |
fatal, 75 personal-injury, and 224 property crashes, for a total cost
of approximately $10 million US. Successful treatment of these
individuals with CPAP would cost approximately $1 million US
for the 5 years, thus providing an approximate 4- to 10-fold return
on money spent, >

Two** of the 3 studies involving commercial drivers did not
find a statistically significant correlation between the presence
of sleep apnea and crash risk, with the third® finding only a
weak correlation (OR of 1.3). The reason or reasons for this are
unclear and possibly relate to these studies relying predominantly
on self-report measures to determine crash rate. This outcome
determination is likely prone to significant underreporting
bias because reporting crashes could potentially lead to loss of
livelihood in this population.

There are a number of reasons why the crash risk in patients
with sleep apnea may be underestimated by the studies in this
review. None of the studies comprehensively measured driving
exposure by the participants. Accurate estimates of the number of
miles or hours driven per year were not available. Such data can
be important because persons with medical conditions that impact
upon driving often reduce or self-restrict their driving exposure.®
Therefore, if reduced exposure to driving is factored in, persons
with sleep apnea may have significantly higher crash rates per
mile driven than is suggested by the reviewed studies. Also, many
studies used self-reported crashes as their outcome measure.
These studies may be susceptible to recall, social desirability, or
both recall and social desirability bias because, for fear of losing
their driver’s license, persons with sleep apnea may be less likely
to report previous involvement in crashes, compared to those
persons without sleep apnea. Finally, studies®”* have shown that
state driving records do not fully capture the number of crashes
that occur in the population. Correlation between state driving
record and self-reported crashes is imperfect, with each method
identifying crashes that the other did not.”

On the other hand, there are other aspects of the studies in-
cluded in this analysis that could lead to overestimation of crash
risk in patients with sleep apnea. Virtually all of the studies were
conducted in sleep disorder clinics and are, thus, prone to referral
bias. These specialized clinics are more likely to evaluate per-
sons with more severe forms of sleep apnea, compared with the
clinical spectrum of disease that exists in the general population.
Therefore, with some evidence of an association between crash
risk and the severity of sleep apnea, patients attending these clin-
ics may possibly have higher crash rates than average persons
with sleep apnea.

There are a number of limitations to this systematic review.
Publication bias may result in studies that have been unable to
demonstrate a relationship between drivers with sleep apnea and
increased crash risk being less likely to be published. If this is



true, then the strength of the relationship between sleep apnea and
driving found in this study would be weakened. Also, the major-
ity of studies included in this review recruited mostly male pa-
tients. Therefore, caution is needed when applying the results of
this study to women. Finally, the studies included in this review
were quite heterogeneous regarding their methodologies, beyond
their differences in study design and outcomes measures. For ex-
ample, there was no standardized method of determining the pres-
ence and severity of sleep apnea. A similar issue occutred with
the measurement of subjective daytime sleepiness, some using the
ESS and others not. Also, recently, the reproducibility of the ESS
has been questioned.” On the other hand, this heterogeneity in
methods can be a source of strength because almost all studies
examining noncommercial drivers found a positive association
between sleep apnea and crashes, despite divergent methodolo-
gies.

This review also highlights a number of research gaps in the
literature. Future research could further delineate the relationship
between sleep apnea severity and daytime sleepiness and crash-
es. Also, studies to determine whether other potential risk fac-
tors (e.g., body mass index, comorbid conditions, use of sedating
medications™) have an impact on crash risk in drivers with sleep
apnea would be helpful.

In summary, the best available evidence suggests that persons
with sleep apnea have a 2 to 3 times increased risk of crash, com-
pared with the general population. Studies did not find that day-
time sleepiness and the severity of sleep apnea were consistently
correlated with crash risk in this population. Successful treatment
of sleep apnea mitigates the excess risk of motor vehicle crashes
in persons with sleep apnea. Clinicians should be able to use this
information in the management of their patients with sleep ap-
nea.
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> general population of drivers. Despite this increased risk, the

tual number of accidents is still quite low, although the implications are significant in commercial
hicle drivers. It is difficult for physicians to assess risk and ability to drive in many patients with sleep
nea, yet physicians are often mandated to make these assessments with obvious implications for
tients. Because many patients may never have a crash, it is not practical or feasible to restrict all
treated patients from driving, unless they operate commercial vehicles. Thresholds of disease severity
1t prompt driving restriction need to be established for sleep apnea much like they have been for
:ohol. Until more data emerge, continued educational efforts about sleep apnea are needed to

nvince government and insurance organizations to provide appropriate resources for diagnosis and
atment of sleep apnea, because apnea risk is minimized with successful apnea treatment.

'y Words: sleep apnea ¢ driving * motor vehicle crashes ¢ sleepiness ¢ inattention

iving a motor vehicle is a complex task that involves distinct cognitive, perceptual, motor, and
cision-making skills. Because sleepiness can influence some or all of these skills, it is not surprising
it patients with excessive daytime sleepiness would have increased motor vehicle crashes (MVCs).
attention has been previously been shown to be a major factor in MVCs (1), and again in a recent
turalistic driving study (2). This latest study also found that fatigue contributed to crashes at much
sher rates than was previously believed and is a contributing factor in 12% of all crashes and in 10%
all near-crashes. Most current estimates of fatigue-related crashes are between 2 and 4% of total
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srease feelings of fatigue and sleepiness, which in turn increase inattention while driving. This
pairment goes beyond simply falling asleep. The driver must be able to survey the surrounding
vironment, stay in his or her driving lane, and make adjustments in speed and position, which makes
wving a divided-attention task. As a result, increased collision rates are expected in sleep apnea
fferers.

VIDENCE FOR INCREASED MVC RISK

majority of research supports the finding that obstructive sleep apnea (OSA) is a significant risk

stor for MVCs (3-9). Data supporting an increased MVC risk in sleep apnea are based either on
bjective, self-reported crashes or objective accident records obtained from Departments of Motor
shicles. Both types of data are subject to bias. The occurrence of an MVC could have negative
plications for certain occupations and continued employment; as such, self-reports are likely to
derestimate risk and bias against an association. Using objective accident data helps to minimize
yorting bias but may not remove it completely. If crashes are either not reported or not attributed to
:epiness or sleep apnea, then the rate of crashes due to sleep apnea would again be lower and biased
ainst an increased MVC risk.

ost of the data supporting increased MVCs in sleep apnea come from cross-sectional studies

solving patients referred to a sleep clinic for assessment (3, 4, 7-9). These reports are based on
bjective and/or objective data. Conclusions based solely on data arising from patients referred to sleep
nics are subject to a number of biases. Many of the studies involved small numbers and, although not
sorted, probably did not control for confounding factors such as drugs, alcohol, and driving exposure.
addition, it can be argued that many patients are referred to a clinic only because of an MVC, falsely
svating the likelihood of an MVC. Still, despite these limitations, the results of virtually all of these
nic-based studies are in the same direction, supporting an increased crash risk in sleep apnea.

ie study by Young and colleagues (6) provides objective data on crashes (using records from the
isconsin Department of Transportation accident database) in a population-based sample of

vernment workers with sleep apnea. Using a population-based sample removes the selection biases
1erent in a sleep clinic—based sample and allows for control of factors such as drugs, alcohol, and
wving exposure. Using this approach, an increased risk of MVCs remains in patients with OSA with an
sreased odd ratio for MVCs seen in men with an apnea—hypopnea index (AHI) greater than 5, and for
:n and women combined with an AHI greater than 15. The authors concluded that their "results, in a
nple free of clinic bias, were comparable in magnitude to the clinic-based studies indicating that
paired drivers with sleep apnea were not over represented in clinic populations." Therefore, this

idy points in the same direction as the majority of other studies, lending further support to the finding
1t OSA is a significant risk factor for MVCs (3-9). A recent systematic review of the literature

yvides a concise compilation of studies in this area (10).

AGNITUDE OF RISK

we rely only on objective accident data, the risk of crashes associated with OSA is increased between
o- and tenfold compared with control groups, with the odds ratio and precision of the estimate being
sersely related to the sample size. Our study involving nearly 600 patients with OSA had the lowest
erall odds ratio for an accident (3). However, the actual accident rate per patient per year (0.11 + 0.15,
:an + SD) was double that of the Ontario provincial average of over 6 million drivers (0.05 + 0.05 per
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ents. A population rate of 0.05 & 0.05 means that each driver will have, on average, one accident
ery 20 years. Doubling that means, on average, one accident every 10 years for a patient with OSA,
iich is still uncommon given the number of patients with this condition.

:spite this analysis, the crash risk estimate is likely to be always inexact because previous
trospective) accident data are being used to correlate with the current clinical state and then predict
ure events. Although sleep apnea undoubtedly influences some crashes, crashes are multifactorial

d influenced by previous sleep and working schedules, medications, and other clinical conditions
eracting with circadian factors. It has been suggested, "A more precise estimate of the magnitude of
1sh risk associated with OSA based on prospective data is critically needed to determine the risk of
stor vehicle crashes attributable to OSA at different severity levels and identify vulnerable

bgroups" (11). Although such data would remove current uncertainties about managing driving risk,
practical terms this would be difficult if not impossible to obtain, especially in commercial vehicle
tvers. All such drivers must now be assessed, and/or treated for sleep apnea (the details of which are
tlined in Reference 12). By virtue of their vehicular size and cargo, there is a greater potential for
ury, damage, and death with a commercial motor vehicle (CMV) crash. Because of this, and in the
erest of public safety, CMV drivers are held to a higher medical standard than the general public. This
1y relate to recent reports (13—15) indicating that OSA is present in a greater prevalence in CMV
erators than in the general population. However, it is very important to highlight that, although the
svalence of OSA may be increased in this population, there are no data to suggest that their crash risk
any different from the general population. Still, it is in this population where the effects of crashes,
wever uncommon, are potentially the most important both in terms of fatalities and overall costs.

i total costs attributable to sleep apnea-related crashes are estimated to be very high, as reported by
nea. These cost $15.9 billion and 1,400 lives in the 2000. In the United States, treating all drivers
ffering from OSA with continuous positive airway pressure (CPAP) would cost $3.18 billion, but

sed on 70% effectiveness of CPAP treatment, would save $11.1 billion in collision costs and save 980
es annually (16).

OW TO ASSESS ABILITY TO DRIVE

ie use of driving simulators as an assessment tool has become popular because they provide a safe,
ntrollable, and low-cost environment in which to assess effects of sleepiness on driving. There are
iy studies from both Europe and North America of patients with OSA using simulators of variable
riables in patients compared with control subjects. The difficulty is that none of these studies have

en able to predict real-world driving. A recent study in sleepy, nonapneic subjects was the first to
mpare an in-lab driving simulator with on-road driving with an examiner and instrumented car (17).
:al driving and driving simulators were comparable for measuring line crossings but the effects were
higher amplitude in the simulated condition, leading the authors to conclude that results that may not
generalized to real-life driving, except perhaps on a group level.

ie recent naturalistic driving study (2) was the first instrumented vehicle study undertaken with the
imary purpose of collecting precrash driving data. Drivers were selected by advertisement and there
1s no effort made to determine if they had major medical conditions that could affect their driving.
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experimenter was present, and the data collection instrumentation was unobtrusive. This is the first
idy to prospectively evaluate factors predictive of crashes or near-crashes and would seem to be an

:al method for prospectively assessing driving ability in sleep apnea. The ethics of doing such a study
ssent a problem because there are already data pointing to increased risk in this population. Moreover,
1en it comes to public safety, it is well accepted that commercial vehicle drivers must be held to a
sher standard than private license holders, and these patients/drivers could never be (medicolegally)
:luded in such a study. This approach, however, could be useful in milder cases.

ws, at present, physicians are left with assessing clinically the ability to drive and relying on patient
if-report. This may not always be reliable (18), but it is currently the best we can do.

OW TO MANAGE RISK

simplistic terms, we could reduce crash risk from sleep apnea to zero simply by removing all
treated patients with sleep apnea from the road. In practical terms, however, this is neither possible
r justifiable—either ethically or on the basis of current data. In previous studies, up to two-thirds of
nic patients with sleep apnea never have any objective evidence of crashes (3, 19). If we were to
strict their driving simply because of a diagnostic label (their condition may make it dangerous to
erate a motor vehicle), then we should surely do the same for every other condition that may cause
me impairment in daytime function (e.g., a sleepy nightshift worker).

ciety has established and accepted a clear cutoff for driving impaired by alcohol, recognizing that a
»od alcohol concentration of 0.08% does not have perfect predictive value—some individuals are
paired well below this level whereas a few others are not as impaired at this or a higher level. We

1st also become comfortable with some sort of cutoff in terms of sleep apnea, recognizing that, in
ncommercial drivers, we will reduce but not eliminate the risk completely. The difficulty with this
ncept is the lack of an accurate metric in quantifying severity of sleep apnea. Despite its imperfection
an overall measure of disease severity, the AHI is an accepted marker for risk of hypertension and

1er cardiovascular disease. But can we or should we use this as a cutoff marker for driving in sleep
nea? Except in commercial vehicle drivers, where there is little or no margin for error, and given the
:k of extensive evidence, I would argue that patients with mild sleep apnea (defined arbitrarily as an
I < 30) and without sleepiness (however defined) or history of any crashes should neither be reported
1 restricted from driving. And although this statement will clearly invoke a visceral reaction from

iy, the lack of evidence makes both sides of the position equally tenable (or untenable).

y own practice is influenced both by my role as a patient advocate and the laws of my jurisdiction. I
scuss the risk of driving with each and every patient that I see, and advise them not to drive if they feel
:epy. This applies to patients in whom the diagnosis is suspected but not yet confirmed as well as
own cases of sleep apnea. Patients who are obviously sleepy in clinic and with a history of
sepiness-related crashes are at high risk for another crash (20) and should not be driving. These
tients are told not to drive and, unless they cannot be studied, their diagnosis confirmed, or their
atment initiated within a very short time (e.g., <10-14 d), they are reported to the Ministry of
ansportation in accordance with local laws. For patients in whom sleep apnea is confirmed, those
th no daytime sleepiness are advised about my obligations under the Highway Traffic Act and a
yort is made. In the report, however, I indicate that I do not believe that the patient is at risk to drive.
iis applies regardless of AHI score. In situation in which patients are going to be treated (either
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atment. Once treated, a patient's risk for crashes should decrease.

eatment with nasal CPAP reduces crash risk to levels seen in the population at large (19, 21). This, of
urse, applies only when patients are compliant with treatment. Yet, access to care is far from being
1dily available (22). And, even when the diagnosis is established and treatment available, insurance
mpanies may not universally pay the up-front costs for CPAP, even though they continue to pay

erall much greater ongoing monthly costs for many secondary preventive drug therapies.

lucation remains a key ingredient to any risk management. Not only must we continue to educate the
blic and industry about the dangers of drowsy driving, whatever the cause, but educate governments
d insurance companies about the need to support the diagnosis and treatment of sleep apnea.

le physician is expected to diagnose sleep apnea and, through history, assess the patient's risk for
wshes. He or she must also inform the patient of these risks and institute treatment in an expeditious
shion. In addition, the physician must have a follow-up plan in place to determine if the treatment has
creased the patient's risk for crashes. We need more data to help us make these decisions. There is an
sreasing public awareness of the risks of drowsy driving and there are now state laws that make it a
minal offense (New Jersey has an established law, and bills are pending in Illinois, Kentucky, and
assachusetts). But we must be clear not to tar all patients with apnea with the same brush. Not all

ses are sleepy or have crashes and more data are needed for society to establish and accept a "safe"
:ep apnea cutoff for driving, akin to that for alcohol.
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